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A KEY TO THE HARMSWORTH SELF-EDUCATOR 

At tho heaiUng of each article in tl»c SF.i.V'EimoATon is the number of tlie group to which the article belongs, and a reference 
to this key Indicates precisely tho place of tlie article In the scheme of the ImkiIc. TWs key. therefore, enables the student 
at any time to understand what has preceded and what is to follow any iHirt of tlie work to which he may happen to turn. 


J Guoi'i* I. 

/ Agriculture. Beekeeping*. Gardening. 

'AKMiifo. In all its Hranches. liKiryinfc. roultry. 
tKBKKEPiNO. *■ A Pructical and Coniinerriul Omrse. , « . 

t AituKMNo. Mow to (let the Muni out ot a M iiihnam of liaud. Garden- 
ing for Pleasui'e and Profit. Market Gardeuiug. 

. Gaoop a. 

Art, Architecture. Glass. EarthenWare. Carving. 

Aht. Theory ami Training. Painting. H« nf |)1 me. Aii liittieterc (Tlu*ory. 

Htyles. Practli-Hj Tr.'i-liiing). MlMtoryuml Iiteals of .Art. 

Glass and Eakthpnwauk. Im luding pottery. 

Cakvino. Wood. hone. Ivory. Horn Tortoiseshell. 

Gitoui* 3. 

Biology. Psychology. Sociology. Logic. Philosophy. 
Religion. 

JI101.00Y. liieluding Evolution, pHheoiilolngy. Heredity, Anthropo- 
logy, Ethnology. 

PSYCHoi.ooY. Iiic liuliiiir Psychical Iteseurch. 

SocioLoov. Itiehnling PoMlical Econumy. 
iMMUf. The Heienec* </! PveiiAonliig. 

PhILOSOIUIY. Sj-Mtaiiis <tf Tlioiight. 

, Ueuuion. Histoixaiid Sys(4>iM.H. Christianily. 

/ Giioi p 4. 

Building. Cabinet Making. Upholstering. Fire. 

Bpii.dino. Excavating. Hraiimee. Mainifaeture nf Uricks. lanie.s, 
Hiid Oincnt-s. Mrieklaylng. Clay Wares. itciiiforced Concvelo. 
Masonry, Carpentry. Slates and Tiles. Pluinhing. .loinery. 
Fomulvy and Smiths* Work. I’ninting, Papm-tuuiging .‘iiul 
Giltsing, Heating, Liglillin;. and VtMitilatinii. Ilnildnig Ilegnlallon.*i. 

• Quantity fiiirveji ing. itullding .Ahmad. In Bnsinei-a aa a Builder. 
CabTNKT Makino amj CiMioi M'l.isiNi.. A Praetu-al CoursA 
k'lKB. Fireproof Materials. Eire ITt vention. Eire Extinction. 
tlHori* s. 

Chemistry and Applied Chemistry. 

Chrmistry. inorgfinle and Organic, tliemistryof the Stars. 

Api'Lird C>iB.Mivri(v. Acids nn<l Alkalies. Oils .Fixed Oils and Eats; 
Waxes ; Essential l)il.s and Perfnme.s ; l*;iints and Polishes). Candles. 
Soaiis. Glycerine. Ginns atid Adhesives. M.i.n hiis. inks. Tar and 
WOfxl Distillation. Matches, ('ellulnid. Manure. Waste Pro- 
ducts. Petroleum. Paper Making dncUuling Paper Staining uud 
Uses of Paper). Photography. 

Grtni !• 0. 

Civil Service. Army and Nav/. 

Ctvn Srrvicr. Munieipjil. National. Iinpevlul. 

Aflinr AND Navy. Jlow to Enter Tiieni. 

Guot'i* 7. 

Clerkship and the Professions. 

UlkrKSHIP AMD Acroi NTANCV. Complete Tr.'Uning. Bookkeeping, 
BAMaiMO. The Wliole Practice of itunking. 

Insvramob. Life, Fire. A< cldent. Mavim*. 

Avctionxerino ami VAi.riNo. Practical Training. 

Ertatr Auknov. Departiiieuta and Ofiiciuls of a Groat ICstate, Train- 
ing a Land Agent. 

Krdicinb. Training of « Doctor. Specialisls. Vet erinaiy Burgeons. 
Ckeinists and Druggists. Dentistry : The Oental Me« hanic. Home 
and Professional Nursing. 

Chvhcu. How txi Enter the Mfiiistry of all Denominations. 
Scuolastio. Teachers. Profo.s.sori.hipH. Goverm'sscH. Coaches. Tutors. 
SjcorKtauiks, etc. Institution Officials. Political Urganisations. 
Lecturers. 

Law. Solicitors and Barriatera, I'ersonal and Commerciat la^w, t'opy- 

rlght. 

IJiioee 8. 

Drawing and Design, 

Drawimq. Freehand. Object. Gcometricttl. ! Brush. Memory. 
IJght and Shade. 

Trohnical Drawing, For Engineers; Copinrsmiths, Tlnroeii. Boiler- 
makers; Architec(,«; StoneinaNons; Cariienlers and .foiuers; PlumlierB. 
Design. Book Decoration. Jlluiitiiiulion. Textiles. Wall i'uitfis. 
Metal Work. 

Gkoi'p 9. 

Dress. 

Drrsb. Dressmaking. Underclothing. Cliildren's Clothing. Tailor- 
ing. Millinery. Men's Hats. Furs and Furriers. Feathera. 
Bhlrts and Collars. . 

Guocp to. 

Electricity. 

Elrctricity. Electrical Engineering. Tolcgriphs and Telephones 
(Including oijeration of), (.'ables and Insulated Wii-e. In Business 
. M an Electrical Engineer. 

Group k. 

Civil Engineering. 

Civil Emoimrerinq. Hurveying. Varietius of (Construction. Machines 
Employed. Hoads. Bridges. BHilways and Tramways. Water 
Supply. Sewerage. Refuse. Hydraulics. Pumps. IlarboUrS. lAicka 
Li^tnouses. Foreign Woi'k. in Business as a Civil Engineer. 
Qaocp za. 

Meehanieal Engineering. Military Engineering. 
Arms Sb Ammunition. 

MtOBAiriCAL Kmoimrkriso. AppUed kioehanies. AVorkshop Practice. 
Tools (Hand and Miscellaneous. Maehiue Tools. Poiiable Machine 
^It). kUchiues and Appliances (A Gentral Guido to Construction, 
docks and Watches. Scientific Instruments). 

Miutai^ EMmNRKRiNO. PonLions. Bridges. Fortifications. Rafts. 

, Trencher* Passing Rivera. Conditions in Ponce and War. 
rJUm» AMD Aj^dvsiTios. Manufacture of Arms and Explo»ivas. 

Group 13. 

Geography. Astronomy. 

0wiaaAPat, IliysloaL PoliticaL Human. CommerciaL 
A Survey of the Solai* System. 


Group 14. 

Geology. Mining. Metals and Minerals. Gas. 

Okomkiv. The Making nf the Kitrth. 

Minivy. The Praotioe of Mining ; Coal, Gold, DlairiondH, Tin, etc. 
Mktals. Metallurgy. Iron and Steel. Iron and Steel Manufactures. 

Met^ Work, (hdiery. , 

Mixkuai^. Mineralogy'. Pro|>crtJes of Minerals. 

Gas. Muuufucturo of Gas. 

Group 15. 

History. 

A .Short History of Uic World from the Beginning. 

Group i6. 

Housekeeping and Food Supply. 

Kkiivantr. Qualifications and Ini tics of Every Kind of Servant. 
t'lMiKKHv. A I’lwtu-iil GouiMf, with Ui-tipoH, 

Launduv Work. Washing. The Liiimilvy as a Business. 

Foods and Bkxkrauks. Milling. Broad-making. Biscuits Rtid Con- 
fcotiein-vy. Sugar. CoiulimentH. Fruit. Fisheries. Food Preserva- 
tion. Catering. Brewing. Wines and Ciders. Mineral Waters. 
Tea. Coffee. Choculule. Cocfia. 

Group 17. 

Ideas. Patents. Applied Education. 

Ideas. The Power of Ideas in Life. Brains in BusincBS. 

Patknt.s ami I.WK.NTioNS. 1 1 ow to Pvotect HH Idea. 

Ai‘i‘i.iku Eot-CAIION. AppllL-ation of Kiiiifittion in Daily Life. Kiiiunre. 
Group sS. 

Languages. 

How to study ;i Language. Gr)llrul-^ in Latin, F.nglish, Frencb, Geitiian, 
Siianish, Italian. KAiieraiito, tti’erk. A Table of Boot Woidft. 

Group 10. 

Literature. Journalism. Printing. Publishing. 

Libraries. . ,,, , 

Literatuhp. a Survey of the World s Great Books und their AVriters. 

Poetry. (’lasMlrs, Fiction, MiKcelhim ous. How to Heatl and Write. 
JcURNAi.iSM. A (iiiitle tt» NcWKiiajiev Work, with PraeticRl Training. 
Pkinji.no. Composing l»y Ilimd and Mauhine. Type ('utting and 
Founding. F.ngfuving and P.locks. BookldmUiig and PublUhing. 
Liiihauies. Olliuials and Management of Lita'aries. 

Group ao 

Materials and Structures. Leather. Wood Working. 

M atrri ki.h. The Charactevisties and Strength of MaU'vials. 
Struutuku.h, The Stability of Strm-tures. 

Ja ATiiKK. Leather Industry, laaither Belts. Boots and Slices. 

SmUlh-ry un«l Harness. Gloves. Sundry Leather (iofsls. 

Wood Wuukino. Dj'sign and Operation <»f Wood Working Muchiucry. 
WuimI Tuniiug. Miscellaueous Woodwork. 

(.’uoi p at. 

Mathematics. 

Mathe,aiatics. Arithmetic. Algebia. Geoim-try. Plane Trigonometiy. 
Conic Sections. 

Group aa. 

Music. Singing. Amusement. 

Music. Musieul Theory. Tonic Solfn, Tuition in all Instniineiits. 
Oruhest ration. Condiuting. Bell Hinging, Manufacture of 
Musical Inslniments. 

SiNi.iNu. The Voii-e and Its Treatment. 

A.AI1 M..MKNT. Diama mill Stiigt*, including Kluiiillon. Bu.<iine.sH Hide of 
AnniKenu'iit. Spoils OlPil.ds. 

GROUP a3. 

Natural History. Applied Botany. Bacteriology. 
Natural Products. 

Natural Hisiohv. Botany: Kingdom of Nature— its Mai-vels, Mecli- 
aiilsni, ami R< ir.inoi- ; Flowers, Fhmt", Seeils. Trees, I'Vru.s, Monaen, eto. 
Zoology; AiiiiiialH, Buds. ^’iHhe>^. Uiiallfd, insects. 

Applied Botany. TohurcoaTohac-colTiHis. Forestry. BnbberaiuKtutta 
IVrcha. liHhketiiml Brush Making, l ane Work. Barks (Cork, Wattloj. 
Ba« 1 1 Rioi.ouv. i’athologicul and Economic. 
hAruRAL Pkojiuits. Sources. Values. Cultivation. 

Group m. 

Physics. Power. Prime Movers. 

Piiisius. A Complete Course in the Science of Matter and Motion. 
Power, A General Survey of Power. Natural Sources. Liquid and 
CoinpresBed Air. 

Phjaik Movers. Engiiiea ^eam. Gas. Heat. Turbitica Windmills. 
a^koup as 

Physlologyy'^ealth. Ill-health. 

Pinsioi.ooY. Plan ot the Body. Digestive. Circulatory. ] 


Lja'oiiiotor and Nervous (testems. The Senses. 

onii 


Respiratoiy, 


Hkaltii. Tlie Five Laws ofTTealth. Personal Hygiene. Environment. 

State Meilicine and the Public Health. 

Ill HEALTH. General Ill-health. Its Siiecial Fomui. Common All 
ments and Domestic Remedies. 

Group ad. 

Shopkeeping* Business Management. Publicity. 

HiiorKK.KPiNu. A Practical Guide to the Keoping of ull Kinds of Shops. 


Kinds of Shops. 

- , - „ Business. 

Publicity. Advertising from all Points of View As a Business. 


Businrks Managrmr.nt. The AijjYhcntion of System^in Business. 


Group w. 

Shorthand and Typewriting. 

'aught by Pitmans. Typrr kitino. 


Working and 


Shorthand. Taught 

Management of all Machines. 

Group ad. 

Textiles and Dyeing. 

TxxTiLgg. The Textile Trades from Beginning to End. 

Dykjno. Dyes and Tueir AppllcatioiL 
Group % 

Travel and Transit. 

Tratrl. How to See the World. Tho Business Hide of Travel. 

Transit. A Genstal Survey of Means of Ooromnnleation. 

Vrhiules. CuiiHtructioii of Air, I.aiid and Hea Vehicles. Buslners of « 
Liversnoiui. Carrier, etc. Driving. 

Bailwavs. The MunugetDeiii and Control of RMllways. 

SKira. Shipbuilding. Shipping. Management of Bhips. 
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^^PppRTUNITIES FOR GIRLS IN THE BRITISH ISLES 


Bv W. 11 . STrAHT Gaknett 


years been fully iippreeiated 
'"Ml nation that the etlneatif>n of 
ter of no le^s i!n])ortanee to the 
of men. England has, perhaps, 
^/tinie to realise this truth than 
langiloins, and it ^\as not until 
(1 Ixsai math* — by lh<‘ Aet of 
lumtaiy talueation of ehildnui 
<‘(|ual terms that any really 
icm ua-> d»-\oted tt> the setamdaiy 
of thSl iiijihlrr- evtai of thos<* ])arents 
lai'^ii^uiU'- to s(‘(Mire a public school 

' .;&uat46n fot. then- .'•on-. 

I s<)(nc wh-itr I.imIn n-cognilion of th(‘ ne«'d 

‘hoW.oy^^^oJlowcd by strenuous cndtaivuuis 
H'or its th(‘ ouL)urst of (uiergy in th<‘ 

tatter of pV<^:din;; schools for girls whicli 
pi arked the latte ' h ilf of the niiu'ttaaith c'cnturv 
rnado i’ pOP-^ible to say that an exeelUmt 
^ ^^montary ami secondary (‘ducation is n<uv 
^ S’Tiii ih e reach (jf ('very girl in th(‘ lhnt(‘d 
g^jA^dom, and that a nnivtusily caiisa- is opcai to 
IV of talent ami (h tcnnination. M'h(‘ 

|hdilioti. goveirtling the <'duca(iou of girls in 
• ^ e.ountries of th(‘ rnit<'d King(I >m vary 

fj^Hidcrably, on account both of the diverse 
envteuaiMds on th(‘ subj(‘ct now in 
nr rceenily iluogatcd, and of the \ai iations 
^vy§/fee'i40eial coiuhtions if> the thlfertait districts. 

M^dla'val System. In England, 
th(^ sister Isingdom^, the eonditioi 8 
v^f .df boys and girls aic markedly 
v reason of the dis])nrity in tlu‘ 
to the sup])ort of ctluca- 
MmaV >ns for the \outh of eitlua- sex. 

|^Pp8 dUp^n^^i--) no doubt due to th(‘ tradition 
^Ppkt i >(' trailed at hoimx a tnalition 

ti'.e I'ourlt'eni li c-entury, when the 
•' stall un(h*r li(*r mother's <‘V(‘, 
jbjroth* i studied the courtly virtues in 
In , lord, until in due time his 
ephferred on him the knightly ace«>ladc 
o'l; tlie uu)r(‘ model'll diploma or degr<>c. 
trodlitlon has conn' <1o\mi to modern 
|HKK^aiid the girl of to-day sulTers from the 
of, pious founders of tlie Middle .\ges. 
urigallant devotion of their fumls i() 
iMraHpk^ivie u.sc and maintiaiaiu'e of the youth 

other hand, llu' girls' 
ff4ll!t|ti the media* val traditions w'hitdi 
/schools of Great Uritain. 'fin* 
C'J^^nditnre of the girls' school on 
-|)Bygrounds and Die lower salary 
schoolmistress than by lh(* 
1 line to nduee the cost of 
and to compensate the dis- 
|^HiBH|L|ffi|m|j|^udents arising from lack of 

The paucity of en- 
aas itself, to some extent, 
of education. Tt has been 
schools, when the property 
|^|P^MIMp^|Hinpany oj- individual owner, to 

-t^l and 1777. 


<*oni)»ete with the large and wt'althy institutions 
with which England abounds, 'bhe firivate 
school has nearly always suecumhed, and the 
eonse(pient absence of serious competition has 
made po.ssilde tla* sur\ ival, in public scliools, 
<»f mediaeval and unsatisfactory m(‘thofls of 
education. It may therefore be .saiil that, stj 
far at h*ast ns seicntilie and uudhodical teaching 
is eone(‘rned, thi^ (*dueation in the tirst grade 
girls' .schools of England is at ](‘ast as good as 
that obtainabk' in the* vencrabh* institutions 
where tlu' hoys of tin* count ry ari* trained in the 
way they should go. 

The State School System, in Scotland 
and in Wales, se»*ondary education has been 
lor soim* time, as it now is in England, 
th<^ fluty of the local i'ilucati(m authorities. 
Secondary schools are eoiidueted in Wales by 
th<* county cfaineils, and in Scotland by the 
M-hool hoai'ds, and eondueted with exe(‘llent 
results. W(‘ have not, in th(‘ appended tables, 
nientionefl any but tin* largest of the Welsh 
mixed eonnly schools, and of the high scliools in 
Scotland. All of tliex* may. Jiow(*v(‘r, be trustial 
to fiirnisb an e\ci*e(lingly good ediiealion at a 
low <*ost to tlu* |)ar(*nt. '^I'ln* (*onnty schools now' 

Ix-ing startl'd in \arious parts of I'higland liave 
not been included, [lartly for the reason that it 
is diffu. nit to CNtimatc fairly the merits of insti- 
tutions so new as to be almosi expt*rimental, 
and partly because the nunu'roiis and exeell»‘nt 
girls' si'liool.s t*stal)lished in England, before the 
Edm'ation Aet of ItMG I'nabli'd Die t*onnty 
(*ouiieils to build and maintain tlu* present 
county schools, ri'iuk'r tlu* latt(‘r a much h‘ss 
cs-i<*nt ial part of t he sclu’nu* of nat ional cdiu*ation 
in England than of the W(*lsh or S(*ottish 
M’holastii* .>^y.stcm. 

f^ducation of Girls in Ireland. The 

eoiiditiona of ediu*ation in Ireland are very 
nineli the sanu* for gii’ls and for hoys. State 
aul is granted to all f*nieient secondary schools, 
largely on the results of examination of tlu* 
M*holars. ^Vhe p]inei|)al Protestant secondary 
.M'hools arc the projierty of companies or of 
private irulividuals, very much as in England. 
On tlieother hand, the education of girls Vx'longing 
to the, Gatholii! Ghureh. like that of the hoys, is 
prim*ipally in the hands of religions societies. 
'Phe iTsnline order deserves special i*rodit for its 
excellent (ducational work. 

'I'lie teaching of (*hildren by members of a 
sisterhood, who w'ork without remuneration, 
makes it pos.sible to obtain an exi*ellent education 
at a (H)st phenoim‘iially low. There is probably 
no })arl, of the British Isles wh(‘re so good an 
education is within tlie reach of the very poor as 
in the south of Ireland. On the other Iiand, 
while the merits of the system are worthy of 
attention, it must be rec ignised that it has the 
effect of indueiug a number of the pupiks- and 
the.se commonly the ablest and best girls in the 
seliooL to take the vows of celibacv, a condition 


LEADING SECONDARY SCHOOLS FOR -GIRLS IN ENGLAND 


COUNTY. 

SCHOOL. 

ANNUAL FEEvS. 

i 

NlTMBKll AND ANNUAL VALV 

Scholarships Annually Awap 



Bay Pri'iLS. 

BOAKIiKKS. 

.\T School. 

Aftku Lea^ 

Bedfordfthin- . , 

Bedford High School 

£0— £12 

£65— £80 

3 free 

£25, £35, 


Bedford Modern School 

£4 

£45 

1 free 

1 free to iM 
Schoo.’ 

BerkRldre 

Readiiii^ High School 

41- l.'iga. 

64J— 75 gs. 

None 

None ^ 

Buckiniidiaui- 

Rhire 

Wyeoinbe Abbey School .. 

None 

£105 £120 

3 of £30 

No’ • 

(’ambrldiieshirt.* 

Berse High School for Girls, Cain- 
i)ridgc 

£(> £ir» 

36- -50 gs. 

None 

2 of £37. 10 
for 3 yearli 

Cheslilrc 

BiiKcnhcad High Seliool . . 

1 0 t*H. to 
£16. 10 

1 None 

1 of £15 

None 4 


Queen 'b School, Chester 

to £16 

£.56 £6.8 

9 l iee 

1 of £^ 


IHgh School, Macelesfleld .. 

:t --H) g.H. 

None 

3 of tees 

iN orn 

Cornwall 

High School, Truio 

41 -16.1 gs. 

None 

None 

Non 

Ciiinberlanil 

Carlisle Jligh School 

10 gs. to 
£16. 10 

None 

1 of £15 

None 

Oerbyshiri* 

IbTby Ifigh School. . 

0 1 ,> gH. 

£.')0 

3 ot £10 

None ♦ 

OevouRlilre 

Exeter High School 

6 gs. £15 

56 -01 gs. 

None 

None 


IMyinouth High School 

12- IH gs. 

60- •>6 gs. 

None 

None 


Hevonporf. High Si'hool 

9- l.'> gs. 

£17. 5 



iUirhuiJi 

(ialesliead High School 

1 0 LI'S, to 
£16. 10 

None 

J of £1.5 

(b'casional 

1 of £10 

(tloiic*t*»ter3liire 

Chelleiihaiii Ladies' College 

12 - 2 t gs. 

62 9 1 gs. 

1 of £25 

1 of £25— £4, 
and others 


Clift<*n High Seliool 

£12 £24 

£77 £89 

None 

N one 


lleilland High School, Bristol 

0 1 5 gs. 

49 58 gs. 

•1 of £15 and 
otliei’s 

None 

Uaiiipftliirt" 

liourncnnuith H igh Seh<»ol 

2 - -6 gs. 

4 8 gs. 

11 ol £5 £30 

Bierifdally ’ 


WincheRter High School . . 

71 IKgs. 

161 • gs- 

Some 15 — :%0 gs. 
for l>oard«*rs only 

1 of £40 


Bortsmouth High School . . 

1 0 gs to 
£16. 10 

None 

1 of £15 

None 

llercfoi’dRliire. . 

Jfercfoid High School 

6- l.'ig.s. 

42 -57 gs. 

None 

None 

Hertfordshire. . 

T?erkhaiiJ8te<l High School 

£H-- £10 

£58 £60 

; 4, part or whole 

None 


Cliiirch High Si-liool, St. Albans . . 

9 1 S gs. 

None 

None 

None 


Christ's Hospital, fierttoril 

None 

A free boanl- 
ing Pelionl 

None 

None 

Kent . , 

Girls’ (Iraiuniar Scluxd. Bochcster 

£« £10 

None 

Several free 

None 


Tunbridge \Vell.s Higli School 

JO gs. to 

1 £16. 10 

None 

1 of £15 and 1 
of £4 

Nonn^^l^, 

Tiancashlre 

Bolton High School 

6 15 gs. 

None 

None 

B.lennially 

1 of £35 


Merchant Taylors’ Girts* School, 
(U. Crof'by 

£8 £10 

£22 £40 

Several free 

1 of £40 


East Liverpool High School 

10 gB. to 
£16. 10 

None. 

1 of £15 

None 


Liver],ool lust. High School for 
Cirls 

£4. 16 to 

0 gs. 

None 

Several free 

1 of £36 


Liverpool High Scliool 

10 gs. to 
£16. 10 

None 

1 of £1.5 and 

1 of £5 

Tricnnially 

1 of £40 


Manehe.ster Higli School for Girls 

12 gs. 

£57 12 

IS free * 

1 6 of £20— £50 

LeiecBtersiure. . 

Wyggeston Girls’ School, ladccster 

£5— S~£U 

None 

.30 free 

£50 and £30 

Lincolnshire . . 

Girlfl* High School, Lincoln 

£5 £8 

£33 - £49 

20 of £10 

1 of £100 

l.oiuhm 

North Loudon Collegiate School 
for Girts. Camden Town 

1 18 gs. 

51 63 gs. 

12 of £20 and 

4 of £10 

1 of £50 

1 


The Camden School for Girls 

9 gs. 


6 of £15 -£20 

i 2 of £20 


Blaekheath Hi^li School 

10 gs. to 
£16. 10 


1 2 of £15 

None 


HaberdaaherB* School, Acton 

5—9 ga. 


Numerous, 14 gs., 
etc. 

Variable, £30 1 
£80 


Mary Bachelor Girls’ School, 
(Jamberwell 

10 gs. 

46 gs. 

8 free, 3 of £20 
and others 

3 of £20 
and occasional] 
1 of £50 


Central Foundation Scliool for 
(JirlR, BiBhopRgatc. 

3 gs. £.5 


Numerous free 
and others 

2 of £60 


City of liondou School for Girls, 
Kmbankmcnt 

9—12 gs. 


7 of logs.— £40 

2 of £50 



LEADING SECONDARY SCHOOLS FOR GIRLS IN ENGLAND-oontinued 



! 

AICVfTAI 

r?17.L''.U 1 

Number and Annual 'Value of 

L' COUSTV. 

Ht^HOOL. 

‘ 

Scholarships Annually Awarded 



Day Pupils. 

! POARPER.S. 

At School. 

After Leaving. 

, I/jndon — contd. 

Claphani High School 

10 gs. to 


2 of £15 

None 



£l«. 10 


and others 


E 

Dulwich High School 

10 gs. to 

. . 

i of £l 5 and 

None 



£10. 10 


2 free 



James Allen's School. I>uhvirh 

« gs. 


.5 of £13. 8 

None 


Roan School, Greenwich .. 

0 gs. j 

None 

Numerous 

1 of £45 for 3 






y«*ars 


Lady Holies* Scho<>l, Hackney 

£4 — £C, 


.3 free 

Variable, £30 to 






£50 


St. raul's (1 iris' School, Ham- 

£21 

£0(5 

39 free 

Variable, 


inersmith 

Hampstead High School . . 

10 gs. to 
£10. 10 


1 of £15 

None 

f 

Aake.’s School, Hjitcliaui 

n 9 gs. 


1 of £20 and 
nianv others 

Variable 


Daine Cwen’s School, Islington 

10 gs. to 
£1(5. 10 


1 of £15 

None 


3faida Vale High Seliool. IClgin 

in gs. to 

None 




A\-enue 

£1(5. 10 





St. Mary's College, l\iddington 

10- 24 gs. 

£7.5 

1 of £30 for 

None 

Some othi’iC 
schools ill 
the lioiuloit 

C’ounty 
Council arc.i 
are pltu^cd 
under 
tlieir 
Counties 

Putney Higii School 

.St. Saviour’s and St. < Have's 
Grammar Si-hool for uirls, 
Southwark 

Skinners’ School for Cirls, Stam- 
ford Hill 

10 gs. to 
£10- 10 
£0 

0 -1) A gs. 

Boarding 
hoiise.H 
lic«‘nse<l 
hy the 
(loimcil 

2 years 

1 of £ir> 

£13, £1H. and 
usual £10 

Numerous 

None 

Variable 

1 of £50 

Streatliain Hill High School 

10 gs. to 
fio. 10 

ar»* 

altachi‘d 

1 <»f £15 

and 1 <if 71 gs. 

None, 


Sydenham High School 

drey C'o;il Hospital, Westminster 

to gs. to 
£10. 10 
.'i gs. to 
,£0. ir> 

to many 
of the 
High 
Schools 

t of £15 

l/irgejy free 

None 

I 


Cohorn Scliool for (drls, Ikm 

4 gs. -£0 


Numerous free j 

4 of £'20- £3U 

Middh'sex 

Ifigli School for (iirls, 'I'ottcnhiiiu 

1 6 12 gs. 

None 

Some tree j 

j Various, under 





1 

revision 

Norfolk 

Norwich High School 

10 gs. to 

None 

1 of £15 

None 



£10. 10 





Thetford (Jrammar School 

to 

til 

s of £() 

None 

Northamiitoii- 

The High School, Northampton . 

to. 14 to 

None 

None 

None 

shire 


£7. 10 




Northiirnber- 

Central Newcastle High Schcol for 

10 gs. to 

None 

1 of £15 

None 

lan<l 

(iirls 

£10. 10 ; 

1 



Nottingham- 

(^ue<jn Lli/aheth's drammar Sehool 

6 gs. CS 

AO 1.5 gs. 

8 of half fees 

1 of £'20 1 

shire, 

for (iirls, Mansfield 

Nottingham High Sehool . , 

1 

10 gs. lo 

None 

1 of £15 

None 



£10 10 




Oxfordshire 

t^iicen Anne's School, ( aversham 

£9 £!2 1 

1 

t'Mi £40 

.Vii Microns 

Variable 


Cxford High School 

10 gs. ((» 

1 None 

1 01 £1.5 and 

N one, . 



£10. 10 

1 

1 of £10 


SalOT* • ■ 

ShrcAVsbury High School . 

10 gs. to 

None 

1 of £15 j 

None 


£10. 10 




Somersetshire 

Path High Schriol . . 

10 gs. to 
£1(5. 10 

None 

1 or 2 of £15 

None 

Staffordshire 

High School, Purton-on-Trent 

£H 

None 

2 free 

1 of £50 


Croft School, Pet Icy 

None 

100 gs. 

N‘Uie 

None 

Suffolk 

Pnd(»wc‘l Sr hool for (iirls, li.swirh 

£.'• - .£0 

£24. in to 
£27 

£99 £10.5 

1 5 fr<‘e 

2 of £1 0 - £20 


St. Felix Sehool, Sonthwold 

21 27 gs. 

None ! 

None 

.Surrey 

Croydon High Sefiool 

10 gs. to 

None 

1 of £15 

Trienniallv 

£lt.. lo 

1 


1 of £3(1 


Tl)c High Scliool for (iirls, (iiiild- 

y i:>gs. 

N<»ne 

None 

None 


ford 

Tiffin’s Girls’ S«-hooI, Kingston- 

£0 

None 

(Jccasional 

None 

.See also under 
Loudon 

on-Thames 

The High School, Surbiton . . 

1) -15 gs. 

None 

None. 

None 


Sutton High SchiKil 

10 gs. to 

None 

1 of £15 and 

None 


.£10. 10 


1 of £5 



Wimhlcd/»ti High Scbo<d 

10 gs. to 

None 

.3 of £15 and 

None 



£10. 10 


- 1 of £U> 


. Sussex 

Roedean School, Prightoii 

Nunc 

£130 

1 of £80 and 

None 




ot tiers 


Warwicksliire. . 

KdKbaston High School for Girls, 

12- IH gs. 

£«« £72 

2 of £4. ID- £8 

None 


Birmingham 

The King Edward’s Grammar 

£4. lU 

None 

4 of £«— -£12 

1 of £30 


Schools, Camp Hill, Aston, and 
Bath How, Birmingham 

1 





, 3507 




LKADINO SECONDARY SCHOOLS FOR GIRLS IN 

ENGL AN D — continued 



ANNUAL FEES. 

NU.MBER AM) Annual V.\LrE of 

COUNTY. 

St^HOOL. 

SuHOL.\R.siiips Annually Awarded. 



Day Pupils. 

Boauukrs. 

At school. 

AI'Ter Leaving. 

Warwickshire . . 

King Edw'ard’s High Srh<M)ls, New 
Street, and Summer Hill, Bir- 
mingham 

£1*2 

None 

4 ot £10-- £20 

1 of £50 


The King’s ftigh School, Warwick 

£.5 -£H 

£.s0 £.53 

Several free 

1 of £50 

Westmorland . . 

The High Sehocjl, Kendal . . 

ft— 1 S tit,. 

None 

None 

N one 

WiltRhirc 

fiodolphin School, Salisbury 

12 Ibg.*-. 

£7.'»- £ft.'> 

0, part fees 

None 

Woreestersliire 

Worcester Higli School for (drift 

ft -l.a gs. 

None 

3 of £1.5 and 
(»the IS 

1 of £40 

Yorkshire 

Barnsley Jfigh Scliool tor (Jirls 

£7. 10 

None 

Comity schools only 


Hradford Girls’ (irainmar School 

a — 1 .*» gs. 

None 

Some fri'e 

\'ariahle 


Leeds High School . . 



IS gs.. £.')— £1(1 
and others 

None 


Shefheld High Sehew)! 

10 i»s. to 
£10 1 0 

N«ine 

2 of .£l.» 

None 


(trammar S(‘ho<»l for idrls-. .skiptfai- 
iii ('ra\en 

£0 logs. 

£4.". £4ft 

Sevi-ral li;ilt fees 

None 


Wakeflekt High Sch.jo! 

£0 £12 

£40 £.M» 

1 2 of h.ilf tees 

2 of £50 


York High School . . 

lO gs. to 
£10. 10 

None 

1 of £15 and 
some tree 

None, 


The Mount, York 

None 

.57 gs 03 gs. 

Kesinef ed 


LEADING SECONDARY GIRLS’ SCHOOLS IN 

SCOTLAND, IRELAND, & WALES 

SCOTLAND 





j 

Kilinhurjjch 

I'idinburgh Ladies* College 

21 gs. £12 

Norn- 

\'erv iiuiiieroiis 
and \ ;)lii<il)|e 

1 of £2.'> and 
i others 


Gi'orge Watst)n’s 1 adjes’ College 

Ditto. 

Ditto. 

Ditto. 

1 Ditto. 


Nt. <o‘orge'.s High .School .. 

lol 221 gft. 

\ < >nr 

.\«me 

i \on«' 

St. Andrews 

St. L('t>nar<l's 

1 V 2 / gs. 

£S2 '■112 

». ol £20 

j 1 ot £30 and 

1 others 

(das^ow 

(Jarnetliill ifigli School 

£1.10 0 gs. 

.None 

20 fri'e 

1 None 


Hnt<‘l»eson’s ( iirls’ (irainniar St boul 

£1 10 £0 

\’< me 

\’ei\ nuilieroiis 

■ Several of £10 

Aberdeen 

I'lic High school 

£2 IS 

Nim»‘ 

2 ot £ 1 2 

; 1 ol £ to 

IRELAND 






Dublin.. 

Alexamlra School 

£ft £11 

£.*>7 £00 

1 ol £lO 

‘2 of £10 


Alexandra College 

£17 £21 

£S2 

17 o t £ 1 0 

1 of £10 

Cork 

St, Angela’s High Sebool . 

£:5. -2 (. i-H. 

None 

None 

1 of £20 


(Trsnllne Convent, lilaekrork 

None 

£.30 £33 

None 

1 Ol £20 

Del fast 

Victoria College 

4 1 2 gs. 

£3."* £1S 

Ni me 

None 

Lf)ndoiKierry . . 

strand Hou.'ie School 

2 .s gs. 

£32 £40 

Se\eral £S £ft 

1 ()f £105, 2 of 
£2100 and £ftO 

Mona({han 

St. l.onis ( 'on\ ent 

s gs. 


.3 ol £1.’. £30 


WALES 






Denbighshire . . 

County Sebool, Wrexham 

7 g.ft. 

t:. 1 7 

X'ver.d free 


Glamorganshire 

Higti School for (drift, Swansea . 

£('. lO 


Several fo'e and 
«)tlierft 

rTieniiiatly 

1 of £25 


HoweH's Si’liool, Llandaff 

£.s 

£2m 

7 ot £2S and 
others 

Several of £40 


County .sth(«»I, (dlligaer 

£ 1 

■None 

Niiineroiis 1 ree 

None 

MonnioutliHiiire 

lntcriiic«li:ite S<‘liool, Carditl 

£7. 10 

£10 lo 

2rKU‘ £3. 1.5, atid 
24 ol £17. to 

.5 of £20 


Inti'rmedialc .School, N»-\\porl 

£ft 

None 

Count V scholar- 
ships 

1 of £20 


(Vanity School, J^ontypool 

£1. lo 

V.IO 

£.5, part tees 


Montg(*inery- 

slure 

County School, Newtown .. 

.') gs. 

N<»ne 

1 1 of .5 gs 

.None 


whi(!li can t»nly l>c deplored in tin* interests of 
tlie nation. 

The universities of Scotland. Ireland and Wales 
now.})laee women studtaifs on the same footing 
as men, so that it is unnecessary to add anything 
here to what we have alrt^ady said on the aiibjeet 
of university institutions in these parts of the 
3o08 * 


Kiiigdoin [see page 1782]. 'J'he same course is 
ad<»pte<l hy the r»)ore i\*eently constituted uuiver 
sitie.s of Kngland, hut the older universiti('s still 
deeliue to a<lmit noineii to membership, or to 
confer degrees upon t hem . Oxfoi cl and (.'ainbridge 
have, however, so far moved with the times as to 
thermit women students of the neighbouring 





LEADING SCHOOLS OF DOMESTIC ECONOMY AND COOKERY IN ENGLAND 


School. 

Annual I'ke. 

11 EMAKKS. 

London : 

Battersea Polyteclinic 

£3--£5.s 

Day classes 

South-Western Polyteehnie, Chelsea 

.'>S. — 13 


Northern Polytechnic, Islington . . 

£24 

Day classes only 

Norwood Ti'chnical Infjtitutc, Lambeth 

£1 


Northampton Institute. . . 

1 ow 

Day si’hool onlj.' 

Paddington Ti-chnical Institute . . 

;5()s. - £3 


Shoreditch Te«*hnical Institute 

aos. £i 


National I'raining seluKil of ( omUi tv. Wi-stnuiister . . 

Provinces 

Dorset Seliool of l)oi%:estic, Kconoiiiy and Cookery, Doreliester 

sd. ivt 

4 — li US. per sutiieet 

\ school for arti.-'tic 
wfirk 

Boarders £30 

Munii'ipal Setiool of 'Peehnologv. Manchester .. 

1 — us. per sul'ject 


Ifarris Institute, Preston .. .. .. .. .. 

As. r>d. '» gs. 

Du> classes 

Sehool of Donie.stie Science, l-i\eipool .. 

Low 


School of Scii'uce and Art, flu'stcr 

3s. Od. Ss. i»d. 

D:i\ I lasseft 

Sehool of Domestic I-jm > noiny. Kxi'ter .. 

I 2 u*;. 


(iloiiefsti-r School of Domestic Si iener, I dom r-^trr 

Low 


Mnnieiiial Si'liool of Domestic Scit'iice. tirislol 

ir» 3(1 gs. 


S]»riiiglilll l>oines(ie l.eonomy School, Bromlev .. .. 

I••ree 

Day classcH 

Shropshire 'lechnienl School lor (oils, Kinlhr<Mik 

£4(1 -£<>(1 

\ hoanlinu college 

Nortlu'rn Comities Training Seln'ol of ('<okri>. .Newe.istle on 'r>tn 

£7 £3(1 


Northamptfinshiie School ot Domestic heonomj 

I.ow 


Munlciiial School of Seiem'e and 'reehnology, Ihiehton 

1 '>S. 1 .■) gs. 

Day classes 

'I’raining School lor 'I’eaehet.'*, Minningham 

1 1 g,s, ‘:2() 

Day clas-ics 

.Municipal 'I’ei’linical ScIkkiI, llalita\ 

1 1 12 gs. 


Mnniei|t.il 1 cehnical Sehool, iltill 

.t i:. gs. 

Da> elas'.es 

'reelinienl ( ollege, 11 nddi’i sitcid . 

1 1 * KH. 



UNIVERSITY COLLEGES FOR WOMEN IN ENGLAND 


Tit Ii«*l;iiiil aiw) Walt > siir uim'Ii to both h.s aNo .^oiiu* newer nniverslLie,-. in Kni^lainl 


Town. 

('oM.Ki.r.. 

I'KKs. 

Mim.MCM Cost. 

ScilOL.^HSllIl'S, 

(•xl'oril .. 

Soinervi lie t ollegj* 

i.s7 iP:i 

£lnn 

£1 tn 

Seiernl of £25-£50 


l,ad\ Mai gar't JI all 

£'.»;{ £l():; 

1 1 in 

£ 1 I a 

4 of £>0 


St. lliuthS Hall 

£'.I3 tlllA 

£111) 

I of £.33 


•St. Hilda s Hall .. 

£'.*3 £Hil 

£I lt» 

2 of £3n and thi 

ramhri<iue 

.N ew Ilham ( ollegc . 

v<M» ' in.'i 

Dnt d intents. £30 

finn 

£ 1 1 .3 

0 '>1 £.30 and others 


« ii rti III ( ollegr 

'■in.', 

£1 in 

f 1 2 :. 

r, of £3(1 £00, 

ocea.^ioliallv' £S.S 

Dngletleld lireen 

Bo\al Hollow. i\ C<»ili'<„M> .. 

£un 

£,H, 

23 or more td £:!(.> -£ft0 

t.omioii 

lic.itoid ( ollege .. 
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nml lialls, lion* sot out, to sit ior tin* 
univoisity oxnminiitioiis, and to ap|)(‘ar sitio 
by with th<‘ ^radiialos in tho rosultinjii 

lists. 

Tt will bo noticod that, in spilt* of tho ondov\- 
luents of tlio in(*n's ooll(‘g<‘s, it. has boon found 
possibbi to providt* university education for 
women at a lower cost than that at which it is 
available to men. Hollow ay ( Vdlogo foi- woimui 
is rioluM' in scholarships in pro})ortion to the 
number of the students than are any of the ladies’ 
eollegea at Oxford and ('ainbridgts and com])ares 


\ <Ty }'a\ourably with tlio older inj;! it ut ions ot 
tlH‘so univi'rsitios. (.)n the whoh*, altliough tho 
sinalliT numlx'r of institutions o{) 0 n to women 
makes it a littb' hai'dor for them to procure a 
fre<'. uni\c ity education than it is for men, still 
the com|)etition is h'ss - a. university career is 
attra<-tivo only to tho minority, and for the 
majority ample provision is made in the domestic 
economy schools set out in tho taVdo— so that it 
is fair to say that such a career is now 0|Hm to 
every girl who is willing to make some <*tTort for 
the realisation of her ambition. 
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l)eetles are also aquatic, spinning round and round 
by means of their second and third pairs of 
legs, which are broadened into beautifully -con- 
structed paddles. Some of the water-Iovcrs 
{HydrophiUdee) are also aquatic, t})o best known 
being tne great black water-beetle {Ilydrophiltis 
piceiLs), our largest native fresh -water form, 
which surrounds its eggs with a pear-shaped 
siken cocoon 1.433]. The adult is not a par 
ticularly good swimmer, and carries the air 
necessary for breathing partly under the wing- 


correlated with the conspicuous “ warning ” 
colouration. 

While the members of the last family are 
friends to the human spetues, exactly the oppo- 
site is true of the small beetles called Dermestidsy 
widely distributed forms, of which the voracious 
larva* devour articles of food, elothing, etc., 
as in the fur beetle {Dfnnffftcs rHlpitius)^ bacon 
be(‘tle. {J)ermcst(’,s lardariw'i)^ and horst liair beetle 
(.1 iithren fasria^us). 

'riu* great(‘r d(*ath -watches (speen'es of Ann- 



432. TKJJiJl BEETLE AND 

LARVA 





433. OKE\T HL\( K WATER- BEETLE 
a. C'ocouhh h. Larva 


435. SCARAB 

covers and partly sticking lo llic hairy 
under -surface (’f the body, 

Carrion Beetles. Among the 
carrion bcetlirs, the eggs an* deposited 
in the dead bodies of various small 
animals. Ibirying beetles (.Vcc/yj- 
phorus) dig away the earth from under eareast s 
used for this pur])ose, and ultimately sueeeeil 
in entirely removing tlu'in from sight .Many 
members of the family are blind cave dwclJos. 
The rove-beetles })ossess very short wing- 
covers, and usually an elongated 
abdomen, which can be turnecl 
up like the tail of a seor])i()n in 
the familiar devil’s eoacli horse 
{Ocypus olens)y and is used for 
folding the hind- wings. Many 
species of the family live in ajits’ 
nt^sks, and more will be said about 
them elsewhere. 

Ladybirds. The prc'tty little 
ladybirds, red in colour with black 
spots, lay their eggs on various 
plants, and the larvje wliich hatch 
out devour plant-lice, scale insects, 
and other pests, in a wholesale 
manner. Tne adults are unusu- 
ally free from the attacks of 
insectivorous animals, probably 
owing to their lmpleas^^nt odour 
and t.aste, properties which are 
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438. T.TFE fllSTOKY OF 
.SITAIUS 

a. Larva b. FlnatlMK ntajic 
e. RrHtiiijj stair*’ rf. S«*c*»it«l 
larva f. Piipa /. A*lull 


437. BOMBARDIER BEETLE 


ap})ear to make some, at 
f th(‘ mysterious tickings often 
lif'ard in old houses, and the holes, 
in ^^(»rm-eaten wood are due to 
their ravages. One species {Anuhimn panicenm) 
is the insect h^und in woevily Ijiscuits, but 
is somew'hat catholic in its tastes, and in 
the laiwal stage is <’n'ditcd with being the 
“ book-worm ’ that does so much damage in 
lil)rarios. 

Fireflies and Glow-worms. 

Fireflies and gUnv-worms liave long 
at Ira e ted attent ion on account of the 
light th(‘y emit. In the Italian firefly 
{J.urinfa italira), the mal(*s are by 
far the most brilliant, andtly about 
togf'thcT in the <*vening in largo 
numbers, .scintillating like so many 
tiny lamj)H. In this ctise there is 
sonic^ doubt as to the use of tht^ 
illumination. The source of light- 
in our native glow'- worm (Lampyri^ 
novtiluca) 1 436], on the other hand, 
is the wingless female, which douV)t' 
less attracts a mate thereby. Pr(J 
bably the sanu? is true of the 
railway beetle of South^ America, 
w'hich Is so called because there*, 
is a red light at each end of tlic 
3511 
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body and a series of smaller green ones along 
each side. 

The click -beetles are able to spring in a some- 
what curious way if they happen to fall on 
their backs, by suddenly bending the b<.)dy, 
when a curious peg-and-catch mechanism is 
brought into play. The larvfe do much damage 
to the roots of various crops, and are known 
as “ wire- worms ” [see pages 1666-7]. Some 
American forms {Pyrophoru^) give out a strong 
light, and are used by the natives for practical 
and ornamental purpo.ses. 

Buprestids are chiefly remarkable for the 
great beauty of some of the 
tropical species, of which the 
thick invcistments shine with 
a metallic lustre. Some 
the bright green Indian kinds 
{Sternocem) are largely (uii- 
ployed for decora- 


tive puj*posc5H, th 
wing - covers in 
particular being 
arranged in pat- 
terns on various 
fabric.s. Quite 
different from 
these are th(‘ 
blackish hour- 
beetles, of which 
there is one pretty 
common British 
species (Tembrio 
molitor), its grub 
being known as a 
“ meal-w'orni.” 

Blister Bee- 
tles. These are 
so named because 
a highly -irritant 
substance can be 
extracted from 
their bodies- - as 
in the typical case of Spanish 
Hy {Cantharis vesiccUoria)^ the 
source of cantharides. The 
life-history of some members 
of this family is extremely 
interesting and complex, as, 
for example, in one particular 
species (Sitaris hurneralis) 

[488], which provides for its 
offspring at the expense of 
certain earth -dwelling bees 
(ArUhophora). These con- 
struct a series of cells, 
store them AvitJi honey, 
deposit an egg in each, and then cover thorn up. 
Late in August the mother beetle lays her 
2,000 or more eggs near the openings of the bees’ 
nests, and some four weeks later these hatch 
out into little black larvae (a) of peculiar appear- 
ance, which remain in a sort of winter sleep 
till the following April or May. They then 
wake up, and hold on to any hairy insects that 
come witljin their reach, most of them no doubt 
going fatally astray ; hence the necessity for so 
many eggs. Let us follow the fortunes of a 
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successful larva which has clhnbcd on to the 
body of a female bee of the right species. After 
a time the bee will lay a floating egg in a cell 
previously stored with honey, and the larva 
seizes the opportunity to slide down on to the 
(edible raft, whiclj serves as a source of food 
for about a week. 

When the egg diet is exhausted, the larva sheds 
its skin and becomes a sort of bag (6) which 
floats about in and absorbs the honey, which 
provides rations for some forty days. Next 
follows a resting stagt^ (c), which generally lasts 
till .Kine of the next year, Avhen a second larval 
stage (d) ensues, which after 
two days passes into a second 
sting stages the true pupa 
From this the perfect 
/'//jki insect (/) emerges in about 
a monlii. Some individuals 
uiffmA ^ O]) their development 

_ so as to become adult 

earli.-r. 



a year 
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BUTTERFr.Y 
Autfiina* h. ICye 
c. Pr(»lM).srls 
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442. MrSK-MEETf.E 



-Male 

443. 

a. Tore-wing 


Agricultural Pests. 

'The s(‘ed bc(‘tles arc small 
inconspicuous forms, of 
which the larvic livc^ in 
})eas and beans, often 
damaging tlies(‘ ei ops con- 
siderably. Leaf - beetles 
are still more notorious 
agricultural ])est.s, ot 
which tin* Colorado potato 
beetle {Dorypfutra decetti' 
lineata) has caused more 
that! one scan* in this 
country, while tlie gre(‘dy 
littU‘, turni[> tlea-luH'tle 
{Phylbdretd nemorum)- 
vso named on account of 
its sfiringing powers— is 
corLstantly with us (set* page 1667). Here, too, are 
included tlic small Hat tortoise- bcfdles (CWvt.v, 
etc.), the larvje of which render themselves in- 
conspicuous by heaping up their own 
excrements on their backs hy means 
of a bifurcated tail acting 
as a dung-fork. 

Tlie long-horned beetles 
mak(‘ up a very large family 
of attractive-looking insects 
distinguished by the length 
of th(iir antcnna\ and include 
some tropical specie.s of com- 
paratively gigantic size. The 
palo grubs possess very 
powerful jaws, and chiefly 
feed on wood. Some of 
tliem have been known to live in wooden 
furniture for over a quarter of a (ientury before 
passing into the winged adult form. One of 
our most elegant native species is the musk 
beetle {Aromia moschat.a) [442], with a metallic 
sheen, and with an odour which has been 
variously compared to roses, musk, and sweet- 
brier. Its larvae live in the wood of willow’s. 

llie long-snouted vegetarian w’cevils include 
a host of small beetles, the ravages of which 
are only too familiar. Our native nut-weevil 
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, i’lipa h. Larva 


445. PKIVKT H.WVK-MOTII 


rilRYSAIJS 

{Balamnus qlavdium), foi «■ Larval mst skin 

example, .leposits its eggs ' «■ *'• 

in hazel nuts and acorns, within which 
the larva^. tirid an abundance of nourishing 
food ; while tlu* larva* of ^rain* weevils (speeies 
of (htlandra) [444] are extremely destructive 
in granaries (s (‘0 page lOOS). ^ — 

The female of the birch- weevil 
{[{hynchititfi hchdiv) is rcanarkable 
for Iht* ai tislie way in which she j 
cuts and rolls up birch leaves into 
elegant^ eases, wherein to deposit 
her eggs. ■ 

Rark-lM‘(*tles an* very d(*s(ruc- 
tivt* to the Imi'k and wood of dead 
or unhealthy tnu's, the, tunnels 
driven in which are arranged in 
eharacU*ristic ways accoiding to 
tin* specie's. Tn a wc'll-knowii 
British form {Svidytns detitrurtar) 
the female bores /i passage into a 
tree, and then* lays lier eggs. 'I’lu* 
larva which hatclu's out from each 
of these makes its own branch 
tunnel [439] and ultimately pa. ss<‘s 
into the pupa stage, from which a < 

perfect imect (*nu‘rges. In some chhy.salis 
of these forms the food consists not. 
so much of Avood as of a sort of mould am- 
brosia wliicli is said to be actually cultivatc'd 
somewhat after tlie fashion of the mush riKmi -grow- 
ing ants. For otlier insects of this nature refer- 
ence should be made to the course* on Forestry. 
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448. COCOON' CON'TMNTXO 
CHKY.SALIS OF PCSS-MOTU 
(.NutUVal Kizo) 


Among the beetles we may perliaps include, 
though thi'V are often regarded as making 
up a distinct order (Kfrtysiyivni), the minute 
b('(* lu*.c {Stylops, ete.), whieh also infest wasps 
[443]. The female is simply a 
wingless (*gg-l)ag protruding from 
I the a bd( urn'll of a bee or wasp, 
within which she is ]iarasitic, hut 
tin* male pos.sesscs well-fleveloped 
hind-wings, tliough the front oiie.H 
are reduced to ni(*ro vestiges. He 
leads a grown-up life of iifleeu or 
twenty minutes, devoting it en- 
tirely to wife-hunting, courtship 
and mating. 

7. Butterflies and Moths. 

For beauty and variety of coloura- 
tion these insects are ipiite. un- 
rivalled, and tlu'ir attractive 
appi'arancM* is priniitfily due to 
tin* fact Ibat ll»e four wings are 
eov(*r<'d with ovi'rlapping scales of 
dilh'ii'iit kinds 1441]. The mouth 
f’OXTMNTXc parts are specialised to constitute? 
Pcss-MOTU a sm torial organ, made np of the 
second jaws (first ma.xilla*), while 
the lirsl and third jaws are greatly rcducal. 
Faeh .second jaw lias beetmie a half-tube, and the 
two are hooked together to make up a proboscis, 
somi'times of great length, Avhich can be separati'd 
into its halves for cleaning purposes [440, 455]. 




449. PRIVET HAWK-MOTH 
(PholotfropJ 


460. PRIVET HAWK-MOTH 

.WK-MOTH 

CATERPILLAR 

(Pholotfrophs by Prof. B. H. Beutlt*)) 


451. MALE PUSS-MOTH 
(Natural mm) 

3513 





NATURAL HISTORY 


The life-history exhibits a very typical and 
familiar metamorphosis. From the egg [446, 
4471, which is often beautifully sculptured, a 
larva known as a caterpillar [460] hatches out 
possessing not only the three pairs of jointed 
legs characteristic of the class, but also a varying 
number of unjoin ted pro-legs terminating in 
suckers. After feeding voraciously for some 
time by means of its powerful biting finst jaws, 
and undergoing a number of moults, 
the caterpillar pas.ses into the motion- 
less pupa stage [445, 448], here called 
a chrysalis, wliioh may or may not bo 
invested in a protective cocoon. The 
skin of the chrysalis ultiinaU‘ly splits 
and the perfect insert makes its way 
out (449, 461]. 

Butterflies (sec PlaU> facing page 
.‘5606] are ty|3ically distingui.shed from 
moths by the club-shaped thickenings 
at the ends of their antenna*, and by 
the fact that when scuttling the w'ings 
are folded togetlicr over the back. Jn 
moths the anteimte may be of various 
form, but very rarely cliib-shap<'d, and 
the rest-position of the wings is hori- 
zontal [449] or sloping downwards, 
while in some instan<H‘s they may be 
more or less wrapped round the body, 

Egg-Laying Habits. The eggs are de- 
posited on various plants, singly or in small 
batehes, as a rule, though t'xeeptioiis to this are 
afforded by some speeies, such jis the torloist‘.Hh(*ll 
butterflies [446 1, where a large number of larva* 
live tog(‘ther in a sort of colony. Jt is an extra- 
ordinary example of instinct that tlu* mother 
butterfly or moth should invariably lay her eggs 
on plants suitable for food for the eaier})illars, 
as her own feeding habits -are entirely difTereiit. 
There is no maternal 
solicitude, except per- 
haps in th<^ egger- 
moths and some other 
kinds w'liie-h cov(*r 
their eggs with hairs 
detached from their 
own bodies. 

Caterpillars. 

Caterpillars make a 
very interesting 
study, their varying 
forms and characters 
being largely of pro- 
tective natun^; such 
are the numerous 
.stiff bristles covering 
many of them (452], 
wfliich can some- 

times inflict painful 

or even poisoned wounds. These kinds are 
generally treated with respect by insecti- 
vorous birds, but cuckoos scorn proof against 
indigestion, and eagerly snap up caterpillars 
which other species reject. In many in- 

stances, their colour and shading are such 
jia tQ harmonise with surroundings, and 
make them inconspicuous, w^hile different 

tints may be assumed by the same kind 
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of caterpillar when feeding on the different 
food-plants which form its diet. 

Very extraordinary are the larvae of the loopers 
or geometers, so call^ from the looping nature of 
their progression, due to the absence of limbs, 
excci^t near the two ends of the body. They are 
often know n as “ stick-caterpillars,” and when 
alarmed commonly hold on to twigs by means of 
the last pair of pro-logs (cUuspers), and bend out 
their body obliquely, so as to look like 
branches [463], a < lolusion favoured by 
their colom*. The muscular exertion 
involved is in many instances relieved 
by the spinning of an almost invisible 
girdle of silk. 

Warning by Colour. Some of 
tlu; caterpillars whicli posstvss an un- 
I)leasant tast(^ are extremely eoiispieu- 
oiis, their warning eolouratiou securing 
a large share of iniiniinity from attaerk. 
A gor)d t‘X)inipl(* is afforded by tin* 
larva*, of tlu* cinnabar-moth {Calli- 
morpha which are marked 

w ith alteriiat(* black and yellow^ rings. 
It has been sliow rj by cxp(*rim(*nt, for 
instance*, that newly hatched cliicks 
r(‘ji'ct. them aft(‘r llie lirst trial, 
whic h is follo\vi‘d by obvious marks 
of distaste*. After having l(‘arnt this 
a chi(‘k will avoid meal placed on a 
ilide, to the unde*!’ side of whieli is ])a.sted 
strip of paper ])aint(‘d wdth the* einnabar- 
(•atc*rf>i]lar\s eoat-of arms. 

(‘nrions warning attitudes are assumed by 
some eati‘rpillars wiu'n alann(*d, om^ of the most 
remarkable •*as(‘s being that of the puss-moth 
{iUrura viniila) (458], whicli contracts its front 
end to look lik(' a grot(*s(iue mask, and shoots out 
a ]){iir of whip-like pink threads from the tip 
of its tail. It can 
also squirt out a 
higldy irritant fluid 
from a pore below* 
the mouth. The 
eatc‘rpillar of the lob- 
s tea* -mo tl \ ( Ski u ropHtn 
jagi) is also a w*eird- 
looking creature, 
which, in its warning 
attitude, looks like 
a eombinalion of a 
spider and an c*arwig. 

The Caterpillar 
at Home. Borne 
caterpillars escape a 
good many enemies 
by the sheltered 
nature of their homes, 
as, for exampio, wood- 
boring forms, such as those belonging to the 
goat-moth (Cossus ligniperda), which tunnel the 
trunks of willow and elm, and remain for four 
years in the larval stage. In other instances, 
protective (tases or shields are constructed as 
a means of protection. Tlie caterpillar of one 
species of clothes-moth {Tinea pellionella), for 
example, /novos about in a tube constructed 
of fragments of cloth ct*mented together. 
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454. PROTECTIVE MIMK’UY 
a. Model b. Mimic! 
(Photo, by Prof. K H. 


A tiimilar habit luus 
earned the name 
of “basket- 
worms ” for the 
larvje of certain 
small moths 
(PsycMdoe), the 
homes of which 
are generally 
cylindrical cases 
made up of bits 
of wood or similar 
substances, and 
look vt'ry much 
like some of the 
tubes made by 
caddis - worms. 
One basket- worm 
const riicUs a spiral 
dw(dliug, looking 
exactly like a snail 
shell, and entirely 
made up of closely (’ompacted silk. A some- 
what dilltTcni arrangenu'nt is hnmd in the rather 
.short caterj)illar of a kind of 
moth {EraMria scituhi) which 
creeps about with a dish-cov(‘r 
shaped shield u]) 0 !i its back 
14571, made out of th<! cover- 
ings of scah'-insects which 
have falh'ii victims to its 
voracity, for this is an exeef)- 
tion to the general rule that 
caterpillars are vc'getarians. 

Tn some species — c.f/., the 
peacock butterfly (i’rtw^^s^sa 
io) — th<^ larvje arc associated 
together in considerable, 
numbers, at least when 
young, and spin a sort of 
protective wch for mutual 
henefit. 

The Chrysalis. Sooner 
or later, a caterpillar hecomes 
a hard-shelled, motionless chrysalis, and there 
arc many ways in which this may he prot«Hitcd. 
Very often, beb)re pupation 
begins, a thick cocoon of silk 
is spun, of which the most, 
familiar instance is afforded by 
the larva (“silkworm”) of the. 
silk - moth {lUmihy.r, 

Sometimes cocoons are so 
tough that provision must b(' 
made for the es<‘a])e of the 
perfect insect. In the ('iiiperor 
moth {Salvrnia rnrpini) it is left 
open at one end, save for the 
presence of a ring of stitT, 
closely- set bristles, so arranged 
that they easily permit exit, 
but forbid tln^ intrusion of an 
enemy. A still more curious 
method is adopted in the piws- 
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455. PRIVET HAWK-MOTH 
( Pln)to»ni|>h by Pri»f- B. H. BiMitlcv) 

|M)Uish, by which a par t of the cocoon is dissolved. 
During tin's })ro(Tss tlu^ head of the in.scct i.s 
protected by a fragment of the chrysalis skin. 

Son) e time's protection is gained by the assump- 
tion of th(‘ chrysalis stage undergrt>und, in which 
cast' tluTc may citlu'r be a cocoon or not. The 
privt't hawk-moth [445] ilhis- 
tratt's th(! hittt'r state of 
tilings. The caterpillar of 
one of the British owlet-moths 
{Erepho^ iiotha) bor(\s into a 
tree-trunk bctbi’o pupating, 
first taking cart' to ('krst^ the 
hole by spinning one or tw(» 
silken screens to keep out foes. 
An exposed cocoon commonly 
rt'sem hit's its surr’tmndings, 
and is thus likely tti t'seape 
notice. A good instance is 
alTor’dt'd by the wood -eating 
cater pillar t)f tht*. goat-moth, 
which at the t*nd of its larval 
life bores its way to the sur- 
fa(!t5 and pupates in some 
tissnre of the bark, con.struct- 
ing a e-ocoon which, though 
mainly of silk, is oovei't'd by chips of wood. 

A grc*at many chrysalides are neither hidden 
away from sight nor in- 
vested in cocoons, and 
may be found in all 
sorts of places, either 
hanging he-id downwards 
or dispos(!d in the 0{)pt>- 
site way. In the former 
ease, attachment i.s by 
m(*ans of a pad of 
hardened silk, and the 
tij) of the tail is some- 
time's provided with a 
pair of hooks tixed into this. 
When the tail is below it is 
similarly fixed by a pad, while 
a girdle of sillc often encircles 
the upjier part of the body 
and holds it to the supjxirt. 

all these cases 



moth,theooco6nofwhk.hi8vciy ..g ^ .tkrpii r ars op pots-moth ® 

thick and tough [448]. When “ matter of great importance. 

* ■ ‘ ’ Warning black and yellow tints are displayed in 

the case of the magpie moth (Abraxas grossu^ 
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the perfect insect escapes from the chrysalis, it 
excretes a corrosive nuid containing caustio 


lariata) — which wears the same livery in all 
three stages of its existence — and in some other 
species, but the general rule is for exposed 
chrysalides to be protectively coloured. 

Very remarkable is the case of some forms in 
which the chrysalis is of different colour, accord- 
ing to the prevailing hue of the surroundings, 
'fhis is markedly so in the small tortoiseshell 
butterfly ( Van^sm urticcp.)^ light, dark, or even 
golden hues being assumed, according to circum- 
stances. 

The Adult Stage. Coming now to the 
adult, or imago stage of butterflies and moths, 
there is an enormous amount of variety as regards 
size, shape, and colour, of which but a faint 
idea can be given here. On the one hand, we 
have the great atlas-moth {Altar us nHa^) with a 
12-in. spread of wing, while some tropical Vuittcr- 
flies {Ornithoptem) may attain to 7 in. or more ; 
and, on the other hancl, we have such insign ifl- 
cant little beings as the lareh-rnoth {(^oleophorn 
laricinella), which can scarcely span three-eighths 
of an inch with fully ex}!andcd wings, 

Wc have already had occasion to notice the 
mutual adaptation that exists between llowcTs 
and the members of th(^ pres(‘nt ordt‘r. The 
proboscis of a moth or butbafly is eminently 
adapted for sucking up the sweet nectar which 
so many blossoms afford, and its length in a 
particular species is proportionate to the <lepth 
at whieh the cov(‘tcd treasure is hidden. Among 
our nativ'o spc^cit^s the hawk -moth is best 
endoNved in this respect [455 j, and in some 
tropical forms it is even said to attain tin* 
length of 10 in. when extended. When not in 
use this organ is rolled up into a spiral uiuler th(‘ 
head L440J. 

Colours of Butterflies, 'riie colours of 
butterflies and mot hs in their adult condition arc 
even more significant than those of (;atei pillars and 
chrysalides. Perhaps in the majority of ea»ses they 
are of a protective nature, whieh accounts for the 
sober tints, speeklings and niotllings wdiioh 
distinguish the bulk t)f our native moths. Wlaai 
most common Imtfertlies settle and fold their 
wings over the back, only the underside of 
these is visible, and its tints are not of a con- 
spicuous nature. If, as often happens, the two 
sox(3.s are, difl'crently dressf^d, the f<*Tnale Is more 
inconspicuoua than hoi* mate, an obvious advan- 
tage to the species. 8h(^ may (?ven he wingless, 
or practically so, as in the vapourer moth {Orgpia 
antigua), and is di.seovcrcd by her ardent admii c*rs 
by the sense of smell, their large feathery anteiinfe 
indicating unusual ('iidowment in this direction. 

But eoioiir, aided by shaj}e, is capable not 
merely of bringing about a general harmonising 
with surroundings, but also a resemblance tf> 
spocific objects on the lines noticed for stiek- 
catcrpillars. An exceedingly pretty example of 
this is afforded by our common little bulT-tip 
moth {Pygeera hiicephala). When this settles, 
the wings are wrapped round the body, and the 
insect strikingly resembles a little piece of broken 


stick, even the paler tint of the fractured end 
being accurately copied. The tropical leaf- 
butterflies {Kallima) go much further. They 
settle on twigs [466], fold up their wings, and 
then look precisely like withered leaves. Two 
little tails on the hind-wings come together to 
represent a stalk, mid-rib and branch -veins are 
perfectly simulated, and the apposition of two 
transparent spots near the tips of the fore -wings 
even bring about the semblance of a hole drilled 
by some larva. There are also discoloured 
patches closely resembling the fungi so com- 
monly foimd on decaying leaves. 

Patterns and Designs in Colour. 
Warning colouration is abundantly illustrated 
among adult butterflies and moths. The glaring 
blaek-ancl-yellow' livery of the magpie-caterpillar 
is retained by the adult, while the striped yellow - 
and-bla<‘k blazer of the einnabar-cate^rpillar gives 
place to scarlet and dark brown. The pretty 
little six-spotted hurnet-moth {Zyga>na lilipen- 
fiuliv) is made conspicuous by contrast b(*tween 
scarlet, very dark gr«‘en, and some black. In all 
those* eases the effc'ct is h(*ightened by f)attern 
as well as actual eoloui'. Spots and bands art* 
characteristic. A bold design in black upon a 
paler background is often very effectively em- 
ploye'd 1 454). It may also be* noted that in 
warningly coloun‘d species both sides of the 
wings are much alike*, and that the flight i- 
deliberate. 

A numhe*!’ e)f spe(*ie‘s epiite elcvoid e>f noxious 
t>re)pe*rtie‘s and perfec tly edible mimic more oi 
le‘ss e*l()se‘ly tbe*ir warningly eoloure'el ne*ighbe)iirs, 
anel in this way taijoy a certairj amount of pe^ace 
and epiietne'ss. A typieial instane*e is figured in 
454. Bemarkable euise's have l)e(*n des(iril.)ed 
where* the* female only is a inimie, and is to be 
found in as many as thr<?e elifferent. garbs, simu- 
lating the same* numbe*r ejf warningly colonrod 
feu’ius. (.Me*ar-wing moths {Sratiidfr) hava^ eemio 
to re.semble wasps and be‘(\s, anel are thus 
undoubtedly in some* me*asure* ))r()t.eeted. 'I’heir 
wings have? lost most of the scaleis, sej as to be 
transparent, anel the bexly is banded with black 
and yellow or black and red, us the case may be 

Colour and Courtship. The 'most 
be*autiful and artistie; e'ombinatie ns of tints on 
the* wings of bntterflie*s are ge'iierally explaine^d 
as be*ing example*s of e*e>urt-ship ccjlouration, a 
vie*w wliicli is rendere'd probable by tlu3 fact 
that the*y are often best se*e‘n in the male. A 
l)e*autiful natives t‘xample is afforeled by the 
e)range*-tiy> butte*rfly {Anlhttrharis canJamines), 
wbierh has received its name>i from the juetty 
marking ed the fore- wings in the male ; and in 
most e)f the ele-gnnt little l)hie*s {Lycttmidm) the 
female is brownish with a bluish tinge, while her 
mate is of the most glorious azure. It must 
also be addend that some of the colours and 
patterns of butterflies and moths may perhaps 
be explained as recognition markings, by means 
of which members of the same species are spared 
mistakes in identification of their kind. 


OojUinued 
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Gothic Art— continued. A Period of Naturalism. Ivory Carving. Some 
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Great Painters, The Dawn of the Art of “Free Expression” 

tllMVlM Ol' Alir 

coiitiiiupil from 


By P. G. KONODY 


5 have exclusively dealt with the structural 
principles of Gothic architecture and the 
far-reaching changes brought about by the general 
adoption of the pointed arch. It is only natural 
that the sister arts of sculpture and painting, 
which were then completely in the service of, 
and subordinated to, architecture, should have 
had to undergo corresponding moditications. 
With the reduction of solid masonry to a mini- 
mum, the demand for exbuisivo wall paintings 
had practically ccas(‘d to exist. Their ])lac(‘ 
in the jk'w order of things Avas taken by huge 
stained-glass windows, and tlui jminters had t(/ 
express themselves in small panel pietuics for 
altar- pieet^s, Avhieh lamld no longca- lx* monu- 
uumtal in eharaetiu*, hut forced the artists from 
hierarch ie dignity and lifek'ssness to the .search 
for human emotions and moveimmt. 1’lns 
signitic'd the inauguration of a l■(‘t^lrn from tli<‘ 
traditional eoiuauition to the study of Xatun*. 

Gothic Sculpture. In sculpt ur(‘, ev(Mi 
more than in painting, naturalism triumj>he(| 
over formalism. Itomatiescjuc sculpture had 
Ijcen derived entirely from (toman and Itvzantim' 
sources. It Avas im|)i’(*ssiv(^ at tinu‘s and 
(ligiiilied, and well suited to the aiehitectun' hy 
which it Avas set otf. Hut th(‘ Gothic style (»f 
building, with its upAvard ti'iideney and graceful 
slenderness, n(‘ces.sitat(Ml a dilTerent tr(‘a( merit of 
the human ligure, Avliich, in tlu' hands of the 
mediaeval sculptor, became more flexible, 
slender, elegant, anrl expressive in short, more 
human. As in the ])rcccding epoch, the repre- 
sentation of the nude r(*mained heyond the pale 
of art, but, ncviatholess, the form of the limbs was 
h e. i t e r ii n d er- 
stood, and the 
drafMTV treated 
in gently-floAving 
lines and arnpli^ 
folds. At the same 
time the featui’cs 
lost their stony 
impassiveness, jn 
the filneeof whieh 
we find serimity 
and even emo- 
t ion a I e X pi’css ioi i . 

A Period of 
Naturalism. 

M o r e in a r k (? d 



61. OOTJIIO f’APlTAL IN KOrF.X 
Koulpture. properly ..atheoual 

speaking, is the 

naturalistic tendency in Gothic stom- carv- 
ing, where the forms of the local flora are 
repeated with astounding faithfulness, and with 
an appreciation of tht* beauty of Nature's 


handicraft that has never liocn equalled at any 
other period. 8omc of the (Gothic ealhedrais 
present in the stone carvings of the cajiitaks, 
porches, and niidies a. pcrh'i't course of natural 
liistory — an cncyclojxedia of the knoAvledge of 
the time, com[)rising scriptural history, legend, 
c*onteinporary life in all its ])hases, the sciences 
and trades and crafts, animal and plant forms, 
allegorical representations of tlie force.s and plie- 
nomena ol Nature, and many other thenujs. 
Thisapplitvs with jairticular forci* to the cathedrals 

of France [61 J ; 
hnt(5A"eii in Italy, 

AA’hcre tlui aluai 
G o t h i e style 
never became 
properly na tura l - 
is(‘d, Ave liiul a 
similar intention 
in the dccoi ativi* 
adjuncts to a I’chi 
tccturc. M’huM 
tl»e relii'f panels 
of the Florence 
(Viinpanilo deal 
Avith the creation 
of Adam and 
Eve, “ Jabal — 
the fat her of such 



60. scri.rTiTHK from tiir 

( AAIPAMLE OF OIOTTO, 
FI.OKKNCE 


as have cattle," 
“ ,1 u b a I — the 
father of all Avho 
handle harps and 


organ," Tub.il Cain, the metal-worker ; Noah, the 


vine-groAver ; astronomy, arithmetic, geometry, 
grammar, logic, rludoric, music, building, 
pottery, wool weaving, laAV, th(‘ three elements 
personified by a liorseinan, Djedalus, and a 
ship Avitb its crew; plougliing, transport, paint- 
ing and sculpture. 'This f’ampanile has not. 
Inaptly been callc'cl a " CJospi'l of Intelligent 


Labour.” 


'Phe Gothic craftsmen of Frances and Germany 
attained great skill in the polychromatic treat- 
ment. of stone c*arving, and more particularly 
of figure's and rclii'ts cai’vcd in wood, for altars 
and church d(‘eoration in general. I’liat a 
})eriod with a distinct k'aning towards realism 
should not haAa' negk'ctt'd portraiture Is only 
natural. The beginnings of (Jothic portrait 
sculpture must he searched for in the cathedrals, 
among tiu; tonil.) slabs showing tlic ligurc of the 
dead earvi^d in low relief. Then came the 
recumbent ligurc modelled in the round, and 
finally the kneeling ligure in the attitude of 
prayer, in all of which the sculptois <‘n- 
deavoured to reproduce as faithfully as possible' 
the fcature.s of the dead. 
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62. oroac.na's lAHiCiiA ue’ r.A.NZi, flohenc’e 

Ivory carving, loo, was widt^ly practised 
during the Gothic period, and no doubt 
exercised a great iiiHuenoo on the plastic art 
of that time. Tlit'. shafw? of the tusk nec<‘ssi- 
tated the adaptation of the pose of the figure to 
the curve, rerha})8 the more flowing lin(‘. and 
increased movement of Gothic sculpture, as com- 
pared to Romanesque, may to a certain extent 
be due to the artist’s endeavour to fit his figures 
into a given shape, or indirectly to the accidental 
form of the elephant’s tusk. It is at any rate 
undeniable that many of the statues carved in 
stone or wood during the fifteenth camtury follow 
the swinging line of the ivory’s natural growth. 

Italian Gothic Art. In Italy, painting 
and sculpture had never lo.st their indepen- 
dent existence as completely as in the North, 
whore the Gothic architectural sysh^m exer- 
cised tyrannical sway over the sister arts. The 
smouldering fire that burnt under the cold 
Byzantine tradition broke forth in brilliant 
flame in the middle of the thirteenth cciituiy 
in the person of Niccola Pisano, the creator 
of the famous pulpit in Pisa j63], who, in- 
spired by the antique, revived for a short time 
the noble grandeur of classic form. But Niccola 
was an isolated phenonu^non, and his .son, 
Giovanni, al)andoiiing the direction indicated 
by his father, succumbed to the influence of 
the Nortliern Gothic, and gave his compositions 
dramatic intensity and emotional life in the 
place of antique impassiveness. His master- 
piece is the pulpit of St. Andrea at Pistoja. 

Wliilst pla.stic art thus received a new impulse 
from Pisa, Florence and Siena \verc the centres 
where painting first broke the fettora of Byzan- 
tine formalism and achieved individual freedoin. 
Cimabue, a thirteen th-contury Florentine, has for 
centuries been held to be the father of modern 
'painting and the teacher of Giotto. Modern 
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research has, however, deprived him one by 
one of all the existing works that had been placed 
to his credit, and has made of him an almost 
legendary figure. It is now generally held that 
Cimabue was a mosaic worker trained by Byzan- 
tines in the accepted tradition — an excellent 
artist, no doubt, who perhaps infused a little 
life into the stiff manner of his precursors, 
but by no means the epoch-making reformer 
of Vasari’s pretty tale. The famous Rucellai 
Madonna in Florence, and other panel pictures 
formerly attributed to Cimabue, are in all prob- 
ability the works of Duccio of Siena and other 
painters of the Sienese school. 

The “ First Modern Painter.” Whether 
Giotto was actually a pupil of Cimabue or 
no, one thing is certain, that his art has far 
more in common with that of the sculptor 
Giovanni Pisano than with that of his supposed 
master. Giotto (1266-1337) may be called 
the first modern painter. He was the first to 
paint objects and figures in a manner to make 
us realise without mental effort ‘the plastic 
reality of his painted subject. M(msured by 
the modern standard, his drawing is faulty, 
the figures clumsy and licavy, the perspective 
wnmg ; out his was the first step towards free- 
floni of composition, dramatic life and move- 
ment, towards the realisation of an artistic 
idi*al beyond the merely formal beauty of har- 
moniously arranged line and colour. To appre- 
ciate his work fully, one has to study his glorious 
frescoes in the Arena Chapel in Padua, at St. 
Croce in Florence, and at, St. Francis in Assisi. 
Like most of the early Italian masters, Giotto 
was W(*1I versed in many arts. His combined 
achievement as architect and sculptor can bo 
admired in the Florence Campanile [60]. 



ART 


In his painting, as in his sculpture, he, like 
all the leaders in art, drew his inspiration direct 
from Nature. And like all those who turn away 
from Nature to imitate consciously the work 
of a ma.ster, the followers of Giotto — the 
“ Giottesques — lost sight of the real significance 
of things, copied the weaknesses and the mere 
outer form of the admired models without 
grasping the spirit, and delayed the progress of 
painting by a full half century. Giotto the 
painter had logically transferred to another 
sphere, and developed the principles underlying 
the work of the sculptor Giovanni Pisano. It 
was a sculptor again, Andrea Pisano, who was 
Giotto’s legitimate successor ; and whilst painting 
was under a temporary eclipse, Andrea and his 
pupils infused vigorous life into the art of relief 
sculpture. With the seriousness and siTU;c;ri(y 
of Giotto, and with that master’s disregard of 
eonventiontal form, he combines an increased 


drapery, and humanised the expression of the 
faces, though he did not go far in giving individual 
character and emotion to each figure. His 
successors, among whom Simone Martini, Taddeo 
Gaddi, and the Lorenzetti were the most promi- 
nent, continued in the same direction. The 
Sienese w^ere ever more concerned withexpressing 
the inner life of the soul than the physical life of 
the body. It was a natural consecpience that 
they €^xeell(jd more in the small panel picture 
than in the large fresco. The Sienese School 
did not have the vitality of the School of 
Florence, and fell into decaj- when the art of 
the rival city achieved its greatest triumphs. 

A Great Florentine Painter. Fra 
Giovanni Angelico da Fiesolo (1387-14.55), a 
Dominican monk, is the last great Florentine 
painter of the Gothic period, and the first of the 
Early Renaissance. In his art, pure, spiritual, 
ardent, and sincere, he jn’oves Ininself a followei* 



64. PART OF THK PAKNTIA’G OF THE TRIUMPH OF DEATH, PISA, HY LORENZETTI 


sense of pure beauty. His bronze gates of the 
Florence baptistery represent him at his best. 

The greatest of " the “ Giottesques ” is Andrea 
del Cione, called Orcagna, Andrea Pisano’s pupil, 
and equally famed as painter, sculptor, gold- 
smith and architect. The Loggia de’ Lanzi [62] 
in Florence is said to be built from his plans ; the 
solemn, splendid fresco of the Last Judgment in 
S. Maria Novella, and the richly sculptured 
Gothic tabernacle at Or San Michele in Florence, 
are wrought by his hand, though the famous, 
naively realistic “ 'friumph of Death ” fresco 
at the Campo Santo in Pisa, which was formerly 
attributed to his brush, is now held to bo the work 
of the Sienese Lorenztjtti [64]. 

What Cimabue was believed to have done 
for painting in Florence, Duccio di Buoninsegna 
certainly did for Siena. Ho, too, broke away 
from Byzantium, gave life to bis figures, suggested 
the human form under the nobly-arranged 


of Giotto in the dramatic conception of the 
subjects and in the freedom of his grouping, 
whilst the soulful, emotional deptli of his 
sentiment and the celestial beauty and purity of 
expression arc dorivi^d from Sienese sources. IL^ 
is the most lovable painter of all tim'‘s, the 
painter of heavenly bliss, of pure Christianity, 
of angelic beauty. The spirituality and saintli- 
ness of his art is so striking, and has been laid 
so much stress on, that many critics have over- 
looked another and scarcely less imyjortant side 
of his character, his systematic study of the 
antique, of the human form and of Nature in 
general. He was the first painter who repre- 
sented the Christ-child entirely naked, and drew 
tile nude forms, not from imagination, but from 
the living model ; the first Italian who painted 
an actual landscape from Nature ; one of the first 
to study aerial perspective, to introduce actual 
portraiture into his frescoes, and classical forms 
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65. A FRESCO BY FRA AXOELICO, IN THE MHSETTM OF ST. MARK, FLORENCE 


into his architoctural backgrounds. For all and oven in Italy, where the Church enlisted 
these reasons Fra Angelico must be accorded a the scrvict^ of the 'masters that had arisen under 
position, and no mean position, among the the inllucaue of the humanists, new fields were 
painters of tho Italian Renaissance. I’o appnj- opened to the activity of arohiteets, painters 
date Fra Angelico’s position in the art of his time, and sculptors. My t hology, classic literature 
it is necessary to st udy his wonderful fre.scoes in and portraiture, entered into the range of subjects, 
the cells of S. ISIarco in Florence and in the and thougli some of the greatest churc;ho8 and 

chapel of Nicholas V. in the Vatican [65]. monastic buildings belong to this period, the 

The Renaissance. The great movement great architects of the Renaissance found their 

in art and letters, known as the Henaissantre, had chief employment in the building of palaces, 

its beginning in Italy in the early part of tho “ An Art of Free expression.*' 
fifteenth century. In the Gothic period art had Nothing could be more erroneous, however, 
boon almost entirely at the service of the Churcli. than to think that the principles of Renaissance 
Fostered by the spread of humanism, which, architecture were a mere repetition of tho re« 
under the rule of the Medici family in Florence, discovered classic forms. The style is based on 
led to the establishment of a Platonic Academy, the revival of the classic orders, but these are 
the dormant love of the Italians for the forms applied in an entirely new' manner, suitable to the 
of classic art, which are so closely connected modern requirements. As Professor Banister 
with paganism, Avas given a new powerful im* Fletcher has tersely put it, “Architecture ceased: 
petus. Scientists and men of letters, architects, to a certain extent to be subject to the considera- 
painters and sculptors devoted themselves to the lions of use, becoming largely independent of 
study of classic literature and antique art, constructive exigencies, and to a greater extent 
the writings of Greek and Roman poets and an art of free expression in w'hich beauty of de- 
philosophers were popularised, the fragments sign was sought for. Speaking generally, there 

of antique sculpture unearthed, the ruins of was an endeavour to reconcile the Gothic and the 
classic buildings investigated, and the lessons Roman method of construction— *.(?., the body 
derived from them applied to the creation and the dress were the same thing constructively, 
of new monumental buildings. At the same time, because tho architects of the period, attracted by 
and as a result of the “ renaissance ” or “ re- the mere external appearance of ancient Roman 

birth ” of classic knowledge, art became to a great art, but perceiving that this form was merely 

--extent secularised, and its patronage passed an envelope, continued in the matter of construe - 
ft^oin the Ohuroh to the Courts of the Princes and tion to a large extent to follow the traditions 
to the wealthy citizens. In the North, the of the Middle Ages, w'hich did not separate the 
Reformation, coincides with the Renaissance, structure from the decoration.” 

Continued 
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By HERBERT J. 

SURDS 

119. In 143 of Arillimotic [pago I44f)] 

a .v/ovf was (lofinod as a root of a niimht‘r which 
cannot bo deterinined exactly. Thus ^/7 and 
'\/5 are surds. Tn Algebra, sucli expressions as 

and ^/// arc called surds, although if .r 
and y have particular values, the resulting 
(‘xpression may not really bo an arilhinctical 
surd. For example, if ?/ — 25, then ^hf is not 
really a surd, since its value is or 5. 

120. Surds are really easels of fiacitional 
indices, and therefore are subject to the laws 
of combination established in Artie le 117. 

Thus, wo know that 

'\! ii' - n-' [Art. 114], 

and that 


Hence, 

VV;-x’V<( (Art. 1171 

-= u + ■— V << ^ 

121. Surds arc said to be of the same ordvr 
wIk'II they have the sanu‘ root index. 

Tims J'i and sUi + h are sur<ls *of Ow. sertnul 
oi‘dt;r, or ff}U(dnxtir snnls. 

V.r"'-h ]/\ are surds of the Uilrd order; 
and, generally, is a surd of the nth order. 

122. Any rational quantity can be exprcs.sed 
as a surd. For (‘Xample, to Avrite 4 a.s a surd of 
th(' third order, we haAC 

4 == •«./ 4-'. 

Aga in , a surd of afiy order can be con vert <•(! 
into a. surd of a different or<ler. For instanci*, 
to transform X'iy into a surd of the Ihli ord<‘r. 

•^/r) — 5'^ - o*' — 

123. Any tAvo surds can be transfornu'd to 
surds of the same order. This order will Ih' o 
some common multi]>le of the giA^eii ojth'rs. 

For conAM'nienee, Ave generally choose the 
lowest common multipl(\ 

Kxamplo 1. lieduce V't V'^ surds 
of the same order. 

The L.C.M. of 3 and 5 is 15. Hence, 
:>y4=4-^:--4''-= ’Vi'S 

and 

f^/3= 3^ = = ’ Vij'*'; 

so that the givxm surds are noAv expressed as 
surds of the 15th order. 

We are thus able to compare the magnitudes of 
, tAVo or more surds. 


ALLPORT, M.A. 

Example 2. Which is the greater •}Ji7 or 
A.s in E.\auiple 1, we havt^ 

and 

s/7 = n't- = n/:!43 ; 

.SO that, sinci‘ 345 is greater than it is clear 
that ,^/7 is greater than 

124. Since 

1 I 1 

(ah) ' _ ((." . h" — a . \/b, 

we .sre that the prodiu't. of two surds can he 
.sini}>lititMl by reducing the surds to the same 
order. 

Fixamplc 1. Find the pioduct of and 

^/27 X -- \^27 X 48, since the given surd.*- 
are hoth of the second order. 
= X 2*, by j)utling 27 and 48 
into factors, 

= 3> X 2- --- U X 4 - 2>(i A ns. 
Conver.s(‘ly, we can sometimo.s put a surd into 
factors, thus. 

Example 2. Ex])ress \^I47 in its simi)lest 
form. 

n' 147 ■ s'lK v:’, -- v'l'.tx s/3 .-7n'-'* 

125. Surds aiv said to be like, when they can 
be redue(‘d .so as to haA'e the same irrational 
fact (U S. 

5 ,^''20 .uni 2 ,^'45 .-ire ///.>' .surds, for 

5 — 5 X X -- 10 vo"», 

and 

2 -r 2 X X --- 0 

t'l(‘arly, th(‘ algebrai(Nd sum of lik(‘ surds is 
oht;iined by eolliM-t ing the eoefhcionts. the rc'sull. 
forming tin* eo(*fhei(*nt of the sum, llu‘ ii’raiional 
hiclor of the .sum being the .same as in the surds. 
E\am])h! 1. Simplify 2 >^/08 - ^/IS I 5 ^'8. 

/U8- ^/18 !- .5 ^'8 - 2s'l0x2 - v 0 x 2 4 5 n/4 x 2 

- 1 1 3^/2 f 10^/2 

- (It -3 i 10) ^/2 

- 21 v^2 .la.v. 

Example 2. Sim})lify 

2 v' 80 4 ,,/3~ 4^/12- v^20. 

GIa cii e.x j )re.s.sion 

= 3 4 1 <i X r) : s''3 - 4 44 X :i - 44 xli 
= ,s v'r> ! ■ s/.'i - H ^/3 ~ 2 
= (H-2) .^/3 

=: ti — 7 >,/3 .. I )iS. 

Note that unlike surds cannot he added or 
subtracted, .so that 0.^/5 - 7 admits of no 
further simplification. 


B 
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126. A compound surd is an expression in- 
volving two, or more, simple surds. 

Compound surds are multiplied together in 
the same way as other compound algebraical 
expressions. [See Artich? 27, pag(i ‘2148.J 

Example. Multiply 

;5 1 ‘2 by 2 - 5 ^/;3. 

We have to multiply every term of the one 
expre^ssion by c'aeh term of the other. Htmcc^, 
the profhict eonsists of 

(3 ^5 X 2 ,,'5) + (2 X 2 v'r>) ■ • (3 ^'3 x 5 ,,'3) 

-(2V3x5v'3); 

or 

30+ 4,,/ir.- in^'ir. -30, 

which, on collecting tci iiiH, gives - II ,,'1.'). ’I’lic 
work can ho arranged as in Article 27, thus, 

3v'o+ 2 s/3 
2 s/ 5- r)s A3 
• >tl + 4 ' 1 o 

- J.o v/lT) -:}o 

:30 - 1 1 ^,/ilf) - 20 - 1 1 JU) A, IS. 

127. If W(; multiply togetluT the sum and the 
difference of tNVO (piadratl(t surds, we get a 
rational expression for th<‘ ])i’ 0 (luet. 

For, by Article 34, pag<‘ 2ir)(t 

( + S 'll) { v'j' - s'//) -- ( s'j')'' - ( s'//)" = 

Two binomial quadrakh' surds, Mhicli dilTcr 
only in sign, are said to he conjuifatv to one 
anotluT. Honeo, a binomial fpiadratie surd is 
rationalifivd by multiplying l\y the conjugate 
surd. 

128. WIk'M a fraction has surds in die denomi- 
nator, the denominatcu’ can b(‘ rationalised, and 
the numerical vahu' of the fraction is then fouml 
more easily. 

Example 1. Rationalise* the* denominator of 
14 
v/7' 

We have only to multiply luimerator and 
denominator by ^'7. 'J'hii.s 

14 _ I4x 7 1+ s/J 2 ^/7 .lus. 

s'7 s'" X s'" " 

Examjile 2. Rationalise the denominator of 
o /n ' w h> 

T) + 2 

The * denominator becomes rational if we 
multiply by the conjugate surd 5 - We 

therejfore multiply both niimeratoi* and de- 
nominator by T) - 2 Henee, 

2^/21- i ‘^^2) (5 -2^/0) 

' b i- 2 (b +- 2 ^!iS) (5 - 2 ^'0) 

^ It) ^/2 1 1 5 ^/2 - 4 ^/1 S - 6 ,^/12 
25-^24 

- 10^/2+ 15^/2-12^2-12^/2 
2 J'Z - 2 ^/2 dH.s. 

Example 3. Rationalise the denominator of 

_ 

1+ ^^2 + 


W© have 

1 + V2- n/3 

1+ ^/2-f ^/3 (1 -f ^/2 -f V3) (1 d- - V3) 

^ 1+^/2- 
(l+./2j/-(V3p 
^ .1 +, 72 - ^^5 
3 + 2,/2-3 
_ J +^/2-^/3 
2,/2 

_ (l + s/2- ,/3) 

2x2 

2 I ,/2 - /'> 1 
= - ^ ^ ^ - d a.s. 

129. We eorm* now to an important pro- 
position in surds. 

If a I- ^Ib X H ^///, ivhcre a and x are 
ratkmaU and Jb and ^5/ are irrational., then will 
a - X n,nd b — //. For. since 

a + ^^!b — :r -f Jy. 

'riierehn-e, 

a - X + ^ 'b - 

Squaring l)«»th sides we liavt^ 

(a - .r)- -t- 2 [a ~ x) Jb I h — y; 

so that 

2 {a - x) ^/b — // - b - {a - .r)‘^. 

IFence \v(‘ liave an irrational (piautity erpial 
to a rational om*, unices the corffirient oj Jb is 
zero, in which ease tin* l(‘ft-hand side of tin* 
equation becomes zero, ibit a rational and an 
irrational rpiantily cannot be equal. Therefore 
tin* coi'llieient of must be zei’o, i.c.^ a x — 0, 
so that a - x. It follows, from thi* given relation, 
that or /> — //. 

XoTK. Since a- X and ^'b — it follows 
that 

a - s^^b - X - ^///. 

It must be nanembt'ii^d that the result just 
established is only triu* when and ^/y are 
really irrational, /.r., b and y cannot have 
valn(‘s which are jierb'ct s((uares. 

For examjile, it is true that 

4 I 2 I ^/|(>; 

but. this does not- tell us that 4 .2 and 0 = 16. 

130 If 

Jy, 

then will 

\'a - ^'b - ^'x- ^ly. 

For, squaring the given relation, avc have 
a ^^b -- X y I 2 \^xy ; 
and, by Artieh^ 129, we may equate the rational 
terms, obtaining 

a. --.r I //, .... (1) 

and we may also equate the irrational terras, 
obtaining 

s^fb- 2\/r// (2) 

Subtracting (2) from (1) we get 
a - - x + y -2 Jxy 

^ (v'^- kW- 

Therefore, 

Ja- y^/b= Jx- Jy. 

131. The square root of a binomial which 
consists of a rational term and a quadratic surd 
can sometimes be found. 


3522 



MATHBMATICS 


Examplo. Find tho square root of 0 4-4 ^/5. 
Let 

. . (1) 

Then, by Article 130, 

v/O - 4 yjx - Jy. . . (2) 

Multiply (1) by (2). Then 
.r -• y s/y‘" - (4 ^/r>)“' - - s/8 L - 80 - 1. . (:i) 

Squaring (1) and equating the rational parts, 
we obtain 

« + y - y (^) 

Solving (.*{) and (4) we find 
X = 5, // -= 4. 

Hence, 

\/0 4-4 -j- 2 dns- 

132. Wo. ean, however, generally write down 
the sipiare root by inspe<'tinii. The square of 

%'•>'•+ nV is 

X -t- !/ I- 2 

Tlu'refore, 

Jx-\- y !- L\/.*7/ ^'x \-Jy. 

Hence, the square' nuit of A ! 2yTb tchfre the 
ropfjirient oj ^/l.l is 2, is H ^///, x and y being 
sucii that 

X ! y ~ A and xy B, 

In the exa.rn})l(‘ of tlii' last Artich', to find tin* 
s(juaro root of 0 •!■ 4 ^/o Ave must first, niakt* tin' 
coefficient of ,^^/5 equal to 2, 4Muis 

i> 4 -- 1» I- 2 s'2- x"r.' -- !.) -I- 2 ^/2I>. 

^I’o obtain the square root we have junv only to 
find Iavo nuinl)ers avIiosc sum is 0 arnl whose 
product is 20. '.riiese are easily seen to be 
4 and n. Hc'iuh', 

v'oq- 4 - ^/4 d- = 2 f .fas'. 

133. Equations Involving Surds. We 

shall now solve one or tAvo equations in Avliich 
the unknown quantity appears under the sipiare 
I’oot sign. 

Example 1. Solve d s/o.r 4: 1 ~ 

We bring a single radical teini t(» one side of 
the equatioji, and put everything else on the other 
side. Thus 

2- s/.S7ri . 

By squaring, Ave get rid (d the radical on the 
right-hand side 

4 !- X - 4 b.r 4- 1. 

We now collect terms, and agaiji put a single 
radical term on one si<le and CA'cry thing else on 
the other, and sepia n'. Thus, 

4^Ar - :\- \x. 

Tlioroforc, 

Wx- y-2tr I 
ItU'-td.r 1 y-d, 

(4.r - y) (4.r- 1)- d. 

Therefore, 

X - 'I or } d/is. 

ExamTilo 2. Solve 

1 

V Id “ 7.*’ - X* r-. x' -f- 7-r - 

Hon^ it should be noticed that the eocllit'ienis 
of x' and x under the radical sign, r J ami 
— 7, arfi in the same ratio to one another as 
the coefheients of a:- and x in the rest of tlie 
Equation. Whenever this is the case, the equa- 


tion is transformed into a form readily solved if 
we put the radical equal to ?/. 

44uis, let 

\/i <) — 7^’ — X- — y. 

Then, 

ld-7.r- - ?/A ... (1) 

Thiu'efore, 

.r-4- 7.r-~ Id-//-. 

Therefore the given equation becomes 

le 1 

1 '--// - 4 ; 


Whence', 


4/;- + 4// - d:> — 0. 

7 y 

If-- or — 


Suhst itiit ing tlu'se A-^alues of y in (1) AA'oohtaiu 
two (piadratie eipiations, viz.^ 

4y 


and 


Id- 


1 d — 7.r — X- 


4’ 

81 


Solving these, avo ol)tain four valiu's of :r, 

J i:» 7 ±4. '2 , 

Y’ - 2’ “ 2 ~ 

EXAMPLES 33 

Simplify 

1. v^2d. 


2 . 


^'48 -^ :>,,^27-2vH2. 


3. 4 -^'24- \^SI. 5. ^/;;2 ; ^^72. 

4. ^/i:>x^C)2. 6. ,s,/27 X Vy* 

7. Multiply :\/2- ^^5 by 2 >^''2 1- .’>^'5. 
Find the square roots of 

8. 1 1 i 4 s'd. 

9. h2 -7v'^ l.^ 

10. Siiiq)lifv 

1 ;^2 -I- _ I s/2 

i -p ^ 2 *- I 4 v 2 - s'd‘ 

Solve the following equations 

11. 1- 2.rv'l- .r- 'Xv‘. 

12. v'.'>.r+l- I. 

13. H V - .‘S. 

Answers to Algebra 

MXAAIVLI.S 31 

1. a - h \ 2-'. 4. lV' - X .*>. 

2. n ■ h r 2'‘.r-. 5. x' xy - 2//-. 


1. y. 


2 . 

3. 

4. 


I 
• » 

1 

hi* 

I2r> 


2r-.r'. 5. .r- 

--1. 6. 2.r 

Fxa.aiples 32 
5. 




y 

x^'-. 

1 . 


9. 2.r - 4- 2.r-//-' - oj:-// 

10 . 

11. 2.c’-3.r ^ -I- 4x h 
12 2x ’ - I - 2.r 

13. X- 2.r - — 1 4- 2x~ - 4- a;’ ^ . 

(JorUimied 


1 1 * r* 
2.r//4-4.r - //‘* — // h 
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* Pedal Changes for Major Scales. The Melodic and Harmonic 

M\KI' 

coiitliiued from 
l)age 3400 

Minor. Chromatic Scales. Fingering^, Modulation. Key “Colour” 


By ALGERNON ROSE 


^OMPAllED with the pianist, the liarpist may 
be said to learn his scales backwards in 
regard to their signat lire. Doubtless, many harp 
teachers have ex[>lained verbally how the pedal 
elianges are made in tlie simplest way into all 
tlu? ditlercnt keys, but we have not come across 
any such in format ion in print. 'J’Ju^ SkM'- 
Educator may tlu^rcfore be j)articularly htdp- 
ful at this juncture. 

^rhe fact that the natural scab; of the* doiiliU*- 
aetion harp cotitains st'veii Hats, Ik E, A, D, 
(1, E, iii‘ed not perplex. These Hats corre- 
sjjond to the number of levcus in the pedestal 
of the instiMiment. Wiite tlumi down in their 
))roper ord(‘r on a ])i(‘ee of music-papiT. "I’o 
j)ut the entire* compass of tin* liaj j) intt) a key 
which has si.\ instead of seven Hats — namely, 
()I!7 — what has the student Jihvady done? lie 
has knocked olf the last flat, P, in the signature 
of the liarp’s natural scale. In olhei- words, 
he has put down the E pedal one notch. Like- 
wise, to play in the key which has five instead 
of six Hats (D7 major), he deletes the next 
Hat, C, by slipping down th(‘ C })edal one notch. 
To play in A*^, which has four instead of Hvi* 
Hats, he gels rid of the next accidental. (.}. 
How? By low'ciiiig th<‘ (J pcslal one notch. 
To transpose the instnnn(*nt into E7 major, 
wdiieh has three instead of four Hats, he ex- 
punges the 1)7 in the signature by depi'(*ssing 


the D jiedal one notch. To modulate all tlu^ 
strings into 117 major, w'hich has two instead 
of three Hats in tlu. signature, he takes away 
the redundant A 7 by low(Ting the A 7 i)edal 
one notch. HV> g(“t- into the key of F major, 
which has one instead of two Hats, he dismisvses 
the E7 by putting down the Ej^ pedal one 
notch. Einally, to get rid of the 157, he puts 
down the B7 pedal one notch. All the pedals 
are now' down. 

it is as if a com])any of soldiiu’s were kneoling 
instead of standing to shoot. EvcTy string 
throughout the instrument has been raised half 
a tom*, just as the sights of th<* soldiers’ rilles 
have l)«'<‘n raised to get a longer aim. »So the 
key of the harp is now (J reprc'sented by the 
Avhitc n'>t(‘s on tlu* piano. The m*xt problem is 
to gel into the sliarj) keys. What has the 
harpist to do ? 'J’hc key with om* shai’p is 
(A major, in which the acci<h*ntal is E. To 
add til is. ])ri*ss down the E.'^ pedal to the 
s(‘cond notch. 'This raisi*s all the bhu* strings 
a sei'oiul semitone. 'Phe k('y with two shaqis is 
D major, of which the second accidental is C. 
Eress tlown. tlu‘rcfoi'(*, the U7 )>edal to its 
second notch, 'd’his raises all the rt*d strings 
another half-tom*. That key which has three 
sharf)s is A rnajoi*. (1 S Ims to be added. 
Tlu'refore, lower the U 7 jiedal to its seeoiid 
iioteli. E major rc'joiees in four sharps, the 


Ex. 18. MODULATION FROM C MINOR TO G MINOR [( { Minor] 
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Ex. 22. CROSS FIRE 



relearning the instni- 
inent. The old (^reek 
minor scale is shown in 
Ex. 17. (The previous 
Example, Ex. 16, is re- 
fern^d 1o later.) 

But this syst<'m gave 
no loading note or sound 
a semitone below the 
tonic, ess('ntial in the 
modern form of the scale. 
If the (J only was sliarp- 
ened, that meant that 
the int(‘rval from F t to 
exee(‘ded a whole 
tone. It was long eon- 
sid(‘rod admissible to aug- 
ment the tone in such a 
way. 8o the F was rais(‘d 
to Fi, and the tirst alter- 
ation Of th(5 (b’cek .system 
.sounded as Ex. 18. 




fourth being D. Conse<pi('ntIy, to get it, <lown 
goes the 1)^ ])edul to its bottom noteb. 
B major is tbe key with five sharps, the iifth 
being A. So lower tlu' A!? pedal to its second 


” -m- . Vet, although theetl'(*(^t 

• _|J was delightful as the 
}Z1 [IT ' I 7 ~ \\ sounds ros(‘ from the 
■ I lowest to the highest notes, 

they were too much like 
tlie inajoi’ scale when they went downhill. 
C'onsecpient ly, (lu^ sharj>s to O and E in de- 
scending w'ere omitted. That simple alteration 

A I. .. \\r .... 1 . . 1 


notch. The key wuth six sharps is F^ major, the “ Melodio Minor Seale.'’ In the methofl 

the sixth being E i. In the same way, depn'ss of transition coming down the change eon- 

the E!^ pedal as far as it will go. Lastly, the trasts pleasantly with tln‘ well-detiiied st(‘|>s 

key with seven sharps is major, the seventh going up. The {esthotie reason for the eliarni 

accidental being B. Therefore, lower the B? w'liieh the ear finds in the nnOodic minor are dis- 


])cdal in the same way. 

All the pedals an^ now down to the s(*eond 
notches. It is as if the company of rilhuneii 
are in a prone position, with all their sights 
j)iit up as far as tln^y will go so as to (‘iialde 
shooting at the maxinnim range. In the .sami' 


cussed at huigtli in Helmholtz's “ i’oneinplin- 
dnngen and Poke's “ Philosophy of Tom*.” 
In the melodic minor tin*, sounddadder is as 
written in Ex. 19. 

The Harmonic Minor. Considering 
how' many modes, or .series of dilYereiit scales. 


way that, if all tlu^ pedals are put up. there are were r<‘(}uired to satisfy tlu* (virs of tlu^ Creeks, 
seven tlat-s in llu^ signature of the piece to he as lliose of the Indians and Chinese to-day, it 


y)lay(*d, so now% when all the pedals art* down 
in the second notch, the harp is lransj)0'^ed 
into a key W'ith seven shary)s. 

Minor Scales. Hitherto w'o have <-oii- 
fined onr attention to tlu* major .scales. But. 
th<‘ minor form, which, as its name im])lies, 
occui)i<’S a subordinate place to the major, has 
undergone many changes. Originally, it w as tlu* 
ton(‘-sy.st(‘m in eoniinori use, having ht*en derived 
from one of the ancit*ut (Jreek forms and intro- 
duced thence into the inusio of the Faiiy 
Christian Church. In ancient harp music tiiere 
are plenty of melodies built up on the old (Jreek 
scale. Being the most ancient of stringed instru- 
ments, the harj) wais tuned in a minor ratluT 
than, as now% the Tiiajor modi?. Consequently 
it is the system of Inning rather than the nature 
of the instrument itself which makes it so dilH- 
cult to-day to render chromatic pas.sagcs on 
the double-action harp, Ev(‘n if the instrument, 
however, were iunecl diiTerently, it would not 
enable it to meet the requirements of certain 
modern composers. The only result tvould he 
fio to confuse the player a.s to necessitate liis 


is remarkahle tliat Kiirojjcans for a long ])eriod 
contciit<‘cl thems(‘lv'(*s with only two forms, 
the major and the melodii; minor. It took 
centuries before tlu'ori'tiiriaiis would allow' tliat an 
augmenti'd toiu* was })ermissihli*. They agri'ccl 
that a leailing note going u]) to the tonic was 
wanted. 'I’liis nocessitatiM, to tlu'ir minds, 
the E^ as well as the Practical musicians, 

nevertheless, hi*gan to associate EC with (Ij!. 
Eventually, thererori*. pracli(?<? overruled tlnoiy. 
Xot only was tin* ancient F C restonsl, hut the 
descending was imule to (;onfonn with the ase(*nd- 
ing seak*. 'riic: icsult was our modem s(‘(pience, 
know n as tlie harmonii? minor. [ Ex. 20. 1 


Ex. 23. 
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The problem of putting now wine into old bot- 
tles, ^vi'i know, is diftieult to solve. 'Phe modern 
musieal wine, with its abundant discords, is some- 
what at variance with the anatomy of the ancient 
liarp. Ingenious as is (h(? double-action mechan- 
ism of the modern hai p, composers are too oftcui 
unmindful that it is essentially a diatonic* in- 
strument. It will have been perceived, by the 
pedal changes already given, that transition 
from major keys to those ncairly related to tJiem 
is simple*. But the student will long since have 
become aware tliat, if the FI? pedal is dcprc'ssed, 
h(' cannot raise the tone of one F without- 
alfecting similarly tlu* sounds of all tlu^ other F's, 
or any other note chosen, throughout the scale. 
To make an instrument, therc'fore, which is 
es.sentially ant i-chr(>matic dodge about in 
detached semitones renders (‘xceedingly didicult, 
if not impossil)l<*, tlie ex(‘cuti<jn of rapid passages 
where the accitlentals ascending are unlike 
those used wh<‘n descending, 

Wagner, and later eminent composers, have 
not infn'<[ueiitly recordcal passages for tlu* harp 
which are most embarrassing. Professor Prout 
instances, in the final scene of tlu* Walkiin*, ’ 
a phras<' consisting of four groups of semiquav(*rs 
in each bar, rc(iuiiing. in almost every little batch. 


a change in the harp of two and sometimes 
three pedals. Clearly such st'qutmces of notes 
arc opposed to the character of the instrument. 
Yet an orchestral player is expected to maktJ 
bricks without straw, and the sooner the 
ambitious student realises that fact the better 
will it be for him ultimately. 

The Chromatic Harp. To meet the 
demand of certain modern composers who score 
for tlu; harp as if it were a piano, M. Gustave 
Lyon, of J\aris, introduced in 11)0.*! a harp with- 
out p(‘dals, hut with the strings arranged so that 
those representing the white notes of a k<*y- 
board are on oni^ side of the player and theVilaek 
notes on the other. Although this arrangement 
met w'ilh favour at the Brussels Gonstu'vatoire, 
it h*is not been taken up by harpists g(*ii(*rally. 
As pointed out by Mr. George* Morley, it depriv(*s 
the instrument of its strong individuality with- 
out imparting to it the ea^iabilitics of the piano, 
'rherefore, the student can scarcely hope to have 
access to such an extra instninu‘nt on the 
orclu*stra. If lu* is ambitious, 1her(^ is nothing 
for him but to get through, as host he can, the 
<‘nharmonic briars and brambles with which 
llu* moek'rn composer takers a weird delight 
in ])ricking llu* hM,r])ist's fingers. 


■1.1 _ ckM A k- h.t; fk 














3626 






Chromatic Difficulties. At? a pn- 

liminary ilhistration of tlve flifTicull i<‘s io ho 
onooiirilorod, let the student ])rHetis(5 slowly 
with one hand, going np and down th(^ scale 
in semitones. Endeavour to play each not<‘ 
in strict time A child can do tliis on the piano 
without trouble, but to accomplish tlu^ same thing 
on the harp im^ans putting into action in rapid 
succession, for the lirst octave only, som<‘ tivtt 
))edaK quitting them as promptly, and re- 
peating the same gymnastics in the octave above. 
|Kx. 21.] 

Tt is customary with c()m])oscrs who are 
considerate to warn the ])layer to i)rexmre in 
advari (!0 for a pedal change f)y inserting in 
the music “E” “E” or whatever 

note is coining that is foreign to the key 
signature. Wlien minor k<'vs are executed at 
even moderate speed it will, of ('ourse, be evident 
that the recpiisite ju'dals must be changed almost 
instantaneously. 

Two Harps. But in one sense the com- 
poser, instead of lieing denounced for Avriting 
d('t<'stable passages, ought to bi^ thanked by 
har])ists. The peculiar dilVicultics ho has set 
down have frequently 1<'(I a careful conductor 
to engage tAvo perfoiniers instead of one at a 
(Hjiieert, and, consequently, jiay doid)le tees. Two 
harps also, by intei’AveaA ing jiarts and ])laying 
Avhat are known as “cross tires,” get a el<*arer 
and bett(‘r etTeet in certain }>assages. [Ex. 22. j 

Now jAut up all the p(‘dals so that tJie harp is 
in its natural scale, or signature, of soAen Hats. 
Take the minor s<. ales systeinat ically, as Avas done 
in the ease of the major. A minor thin I below 
C\} is a!?. This, therefore, is called the 
“relative” minor of the major scale alr<*ady 
played. But the semitones in tin; minor scale, 
instead of, as in the major* (oming betAV'cen tin? 
third and fourth an<i seventh and eighth 
notes in ascending or descending, now oceiir 
in the liarmonic minor*, it must be remembered, 
between the stvond and third, fiftfi and sixth, 
and seventh and eighth, and the same in d(w- 
^cending. In the melodic minor, hoAvever, ilicy 


come betAveen tlu' se<*(And and tlrird and seventh 
ami eighth notes going up, and tlu* sixth and 
lifth and third and second coming tlown. TIua 
latest AA'ord in harp-])laying at the time* of Avrit- 
iiig has been said by >1. Baphael .Martmiot. But 
CA'cn he, in bis “ Metlrotle de Ilarpe: TluMiriqur^ 
et Pra(‘tique,” eouHnes the attention of the ad- 
vanced student , AA'heii it comes to minor scales, 
to the btirmoni(* form. Before beginning the A!? 
harmonic minor, ]>lay Avitb all the ])etlals up th(^ 
tonic eboi’d. Next try the dominant (*boi*d given 
in tlu‘ exam])le, consisting of tlie notes E^, B!?, 
I)*^, E!?, and (iC- l^t't the (? loAver tire third 
jAcdal on tin* right to lire tirst not(*b. ( Kx. 23J. 

The Fingering. No matter* how nrany or 
hoAV fewshar|As or flats a minor* seah' (*onta.ins, tin* 
finger*mg is uniform in all keys. When the Irarj) 
is playr^d in octaves, it is tlie same for both hands. 
Uereiit the strrdeut has a great advanta-gr^ over* 
tlu* pianist. IhejAare the h'ft hand for tlu* A 1^ 
(third ledger line, h iss clef, ImHow* staff), and the 
right hand for tire A? (tir’st s]>aee, hass clef) 
an or*tave alx)V(‘. (\ii*(* shoukl ilw iys he taken 
in pt*eparing the ting(‘rs n«)t to touch the strings 
])i'ematur’ely, so as to pirveut. any uimeeessar*y 
vihration. 'The stiulent also should inaki; 
it a rule to familiarise himself tlioioughly Avith 
otUi difficulty and ovr'i’eorm* it hefore jno(*e('d- 
iiig to file next. Striki' each A!^ Avith the third 
linger ; the B'’ Avith tin* second tingia* ; tlu^ 

AAith the tii'st ; and the D? with tlu* thumb : 
always makirrg juejrarat ion in adxanee. Eor 
the El? ahovr* use the third jing<‘r ; for the 
E?, the St'eoiid ; the ( t J, the fi!*st; and Al>, 
the thuruh. For the B*^ strilo* with the second ; 
the C?, the lir*st ; the I)?, the ihuinh; and the 
E!?, the thir<l. For tlu* E? irse the set'ond ; 
(t£, the first; A the tlirrmh ; and the 

.second. Eor tht* ('7 above, the tirst ; the 1)7, 
the thunil) ; E*), the third ; andE^, the second. 
Eor the O];, tlu' fir’st tingi*r ; A 7, the thuml) ; 
B7,the second; and (‘7, the tirst. For the 1)7, 
the thumb ; E7, the third ; F7, the second ; and 
O j], the lir’st. For the top A 7, completing a 
four -octave scale, use the thumb. 
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Ex. 28. 


Written 



In descend inf;, reverse llie order of the fingers, 
so tliat tile digits strike tin* sjirne notes in 
like sequence its in .‘iscending. Now, there is 
nothing bewildering in all this. It is really 
simple. The stiuk'nt should write out the notes 
and fingering for himself, lie will then observi* 
that, in going up, the third, second, first and 
thumb are used tAviee. '^riu'ii eonu'S a change to 
second, first, and thumb, followed by first, second, 
first, and thumb ; and that order is continued u]i 
to the top A, th(^ sami* rul(‘ applying when 
coming down. 

Modulation. The gymnastics, therefore, 
do not occur in the fingi'ring, but in the pedalling. 
Always accustom the eye to read at least a bar 
ahead, because the pedals have to lx; changed 
and released wliik? the scale is being played. 
As uniformity in the rate of progression by liotli 
hands is indispensable in seal(‘ praeti(a% the etlVet 
will be unsa-tisfactory if pauses are made to 
enable the feet to do their work. A “ scale ' 
implies a ladder, as the word is derived from the 
l..iitin, scaln. The art in scale playing is th(‘re- 
fore to run up and douu the imaginary ladder 
in such a way as to make the gi'adation in the 
series of tones or half-tones so ri'gular that the 
steps may not be noticed. Tin* sounds must 
flow evenly, thereby concealing the art which is 
necessary for their product ion. But the musiciairs 
car is dissatisfied if one minor scale, say, 
in seven flats, is ended abruptly, and the next, 
in six flats, begins immediately, without some 
appropriate chord intervening. What is wjinted 
is a tonal bridge, so that the two k(*ys may bt' 
linked by appropriate Jiioduiation. To trans- 
pose the harp from a major scale in seven flats 
into one in six, we knock otT, as already ex- 
plained, the last flat in the signature — namely, 

— by depressing the second pedal on the right 
one notch. But before doing this, after com- 
pleting the scale of A!^ minor, confirm it hy its 
dominant chord, which eon- 


scale, modulate in the same way (by depressing the 
C and A pedals one notch, and releasing the D 
pedal) into the key of Bt? minor, with five flats. 
The ojbliteration of one flat in each succeeding 
signature is effected by depression of tlic pedal 
in question one notch, as explained in tlu^ major 
scales. 'rhus we go from B!? minor, with live 
flats, to F minor, wath 4, C minor, with .‘1 fP^x. 16J, 
Cl minor, with two, and D minor, with one, until 
wearrivii at A minor, which is without accidentals 
in the signature. Then we add one sharp for 
E minor, which has Vi in its signature, beeausi* 
it is the relative of 0 major. So the FI? pedal 
is .sli])ped down to its second notch. In the 
same way add a si'cond sharp for B niinor, a 
third for FC minoi*, a fourth tor minor, 
.and so g(*t round the circle. For the modu- 
lations we give an exam])Ie from Oherthur's 
“ Harfen-Sehule." By raising the alternate 
scales a tone at a time, and similarly altiTing 
the pedal indications, the student sliould have 
no <iiflieulty in trans])()sing on paper tin* other 
minor scales Vith th<‘ir modulations. ( Ex. 24.] 

The Melodic Minor. Although the 
harmonic minor form of ascending a.nd descend- 
ing th(‘ seal(‘ may sutliee usually, it l>(‘hov(\s the 
student, whilst accepting geiu'ral principles, to 
pri'p.'ire liims(‘lf tVir th(‘ many violations he will 
tiiui of them in certain orchestral parts. Having 
heeonu* familiar with tlie harmoniit minor similes 
ill octaves, the amat<‘ur, hi)W(‘ver, who is con- 
tining his a.tl(‘iition to solo w’ork can devote 
Ids leisuri' to arpeggio ex(U*(’is(‘s in keeping with 
the eharaeti*!’ of his instrument. But the student 
Avho ha.s a hope of eventually securing an orches- 
tral engageuuait at. a provincial festival ('anno! 
ji.tford to overlook the tiaideuey that some 
mod(‘rn writers Jiave to make tluur music 
jum]) about in semitones remotely related to 
th(‘ signature of tlie key in which lh(‘ work 
begins. Plenty of fresh ditlieulties to overcome! 
will he found if the nu'lodie minor scales an* now 
taeklt*d through all ktys. not only in octaves, 
but in tenths, sixths, and thirds. The difficulties 
of pecial arrangement necessitate movi'inents of 
the* fe<‘t w hieli cannot he made rapidly enough to 
correspond with their relative* sti'ings so as to 
enable the scales to he exeeuteel in ijuiek time. 
Moreover, sueli ])edal adjustments caiuse a 
gr(*at deal of noise. Yet, as an exercise for 
familiarising the student with chromatic en- 
tanglements, persistent attempts to execute 
slowdy the scales in intervals w4iieli cannot be 
performed quickly AAill give him, often by 
means of bon’o\v(*d notes, such as using a 


fains (} tj. For this tJie right 
pedal lias to be put down. 

To get the first inversion of 
the new dominant, before 
finishing with a perfect cadence 
leading into Pjb minor, put 
down to the first notch the 
second (F) pedal and the third 
left (D), reinserting the by 
releasing the third right pedal. 
After practising the ES? minor 


Ex. 29. 
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Gif for an A?, etc,, an insight into tlie most 
ex^ditious way of rendering, instinctively, 
unusual notations as artistically as possible. 
[Ex, 25.] 

Key •• Colour,” Sound, like colour, is 
dependent upon the rapidity or slowness of 
vii)ration, the undulations which jiroduec low 
notes being less rajud than those which give us 
the high ones. In like manner, tlie eolour.s of 
the rainbow recorded by the spectrum almost 
double themselves, wlien passing from red to 
violet, in velocity of ))ulsation. When a piece, 
therefore, is ])layed throughout in O!?, and is 
afterwards transjiosed to a higher key, the 
complexion, or colour, of the music changes. 

But it is as easy to play in one key as in 
an^dher on thci harp, Ihe stiuhmt shotild take 
advantage of this fact. Ke can spare himself 
thereby the monotony of constantly rep<*ating 
one exercise in the same key as he would have 
to do if he practised any other insiruinent. 
He should now go back, repeat, and, if ingtmioiis, 
add to the e-N:(Tcises already tabulated, and 

HOMOPHONES 


increase his 
int(‘rest in 
them by 
tiying them 
in all the 
keys, ff, for 
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^ ^ * 

[»lnye<l <»rj stiinjjf 


examyde, he practises the scale of (I major by 
depressing all the ])edals to the Jirst not('h, 
striking the notes v(Ty slowly, ht* can tlun 
transpos(5 ih(^ scale into k<‘y of G, slightly 
increasing the speed. Afterwards, lie can con- 
tinue it in 1) major. Next go to A major, E, 
and so on, until he has modulated thnmgh all 
th<^ keys ami obtained inlinit(‘ variety whilst 
exercising his lingers all the whil(‘ in the sani<‘ 
manner. He will soon find himself able to play 
in any key his fancy dictates. But he should 
remember this fact. The tone of the liarp is 
richest in its natural key, and least .sonorous 
when th(^ pedals are depressed to th<‘ .second 
notch. Why ? Beeausi* the strings are then 
.shortimed, and it stands to reason that a long 
string possesses more resonance than one Avhieh 
has had an ineli cut otT it. d’herefore, although 
on the fjiano the key t>f major, with six 

sharps, and major, with six flats, sound 

alike, this is not the ea.se on the half). 

To ])lay in the former key, the harpist has six 
of his yiedals down to the .second notch, so that 
most of the string.s an' considerably shortened. 
On the otlu'r han<l, if he ydays in (1 ma jor, be 
has only one yiedal, the F!>, down to the lirst 
not(*h. 'Phis aeeonnts for the reason why, in 
an orelu'stral score, the harf) part sometimes 
aj)pears to be writtem in a w rong key. Should 
the harpist come across a solo in FJ major, he 
will do better justice to himself and bis instru- 
ment by jilaying it in the enharmonic kc^y. But 
for practising ymrposes, if he succeeds in getting 
a rich tone out of the shary> key, he will add to 
his confidence wlien yilaying in the natural 
scale. Now take grouy^s of four notes, first with 
tlie left hand and then with the right, as here 
indicated, and exercise the fingers with them 
• through all the keys. Endeavour to strike each 


noUi with ('(pial force. Be careful to keep 
strict time. [Ex. 26.] 

Harmonic Sounds. On the harp, har- 
monic elTects are particularly beautiful, although 
only one such sound is })rodueed from each 
string instead of several, as can Im^ obtained 
from each string of a. violin. 'Po jiroduce the 
harmonic, press tlu' middle red string very 
lightly at exactly half its length. Ho this with 
the tirst jiiint of the first right finger, curved 
down while the thumb strikes the not(‘. Imme- 
diately this sounds, remove the finger from the 
string. Do not bend the. sc'fond, third, and little 
fingers too much. Hold them gracefully. Now% 
with the left luind, try the oetavt; (.5 helow'. Fres.s 
the middle of tlui string gently with the fleshy 
part of the palm, not the ball of the thumb. 
Sound the not(‘ as before with the thumb. 
IFarmonies on the harp are liu'st in the bass and 
middle register of thi^ instruiiK'nt, and are seldom 
WTitlen above I), fourth line, treble eh'f. In the 
music, th(y are denotc'd by .mi O ovt'r the note.s, 
or sometimes by “ s.h.,’' nu anirig iums har- 
7noni(/Hc.s, Try a simph' melody in this manner. 
Practise first with one hand, then the other. 
Afterwards play with both togetluM*. [Ex. 27.] 

Homophones. From tlu* explanation 
given of the ])edals, it will be understood that in 
harp music there arc neither doubles sharps nor 
double Hats. When such occur in modern 
compositions, tlu' harpist has to play the en- 
harmonic e(|uivalent. On tlu' piano there is only 
one key for l)i and OJ, for Ei and Dji, for 
F^ anci Ej^, for FB and E^^ forlJi and FJ, 
for AJ? and GB, for ID and ;\ for ('7 ami 
B 5, and for O Jj and 15 Hut on the harp, hy 
means of the pcalals, each of tlu‘ foregoing notes 


Ex. 31. 





TREMOLO 

Writ ton 




l>l!iyc.l 


can be rejirestaited by separate strings next to 
each other. These are calk'd “homophones,’’ or 
“synonyms.” [ Ex. 30|. By means of such doubled 
notes, extraordinary (‘fleets can be obtained of a 
d(‘ligbtful character impossibk' on any other 
instrument, after the harpist has ])vit down, 
say, th(^ pedals for DB- E'^, F^!, (fi. A, BiT, 
and cl?. ’Phis k^ads us to “ sliding ” elTects. 

The Glissando. On tlu' fiano it Is possible 
t»» accomplish this in a eoinpIet(‘ seak' only, along 
the wiiite keys, or in (* major. By means of the 
jiedals, th(^ harpist has the advantage of the 
fiiaiiist. Delightful glissandos (m the harp can 
be made in every key, at any rate of s])eed, and 
with any degree of strength desirc'd, from tln^ 
softest whis])er to the loiulest sound the strings 
can give. Further, by means of the pedals, 
gloriou.s elfeets can be obtained on the double- 
action harp through the u.se of “homophones,” 
to which w'C have alluded. 
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To produce this effect, slide the thumb and 
tliird finger, or the thumb, first, second, and 
third lingers along any arj^eggio passage after 
tile pedals have been suitably arranged. Pass 
the thumb down the whole suc'cession of the 
strings. Prepare the first, second, and tliird 
fingers to execute the last notes ju.st ht'fore 
the thumb reaches the bottom of tlic passage. 
For the ascending glissando, use the first finger. 
After sounding the top note, take the hand 
instantly olf the strings. Directions for tViis 
manner of playing are indicated either by the 
word glissando or strucriolamrnto, meaning, “ to 
slide.” After practising this effect, with one 
linger of each hand, try two fingiTs, because the 
gliding can be done efteclively in thirds, sixths, 
octaves, tenths, as well as seconds and fourths. 

Damped Sounds. 'J'he French for 
“ damped ” or muted sounds is (Umffes. 

To get this elTcct, i)laeo tlie wliolo of the hand 
flat against the strings with the fingers shut and 
their tips touching the strings. Sound the string 
by the thumb, and force the ball of the thumb 
against the string to damp the sound. Keep the 
thumb rigidly upright. Use t ho tips of the tingers 
by pressing them against the strings, to give 
the thumb the nec(‘ssarv K'Vdage. For sound- 
ing the next note, the llnimh is got ready by a 

Fx. 32. Wvi' 




slight movement. Notes to be played in this 
manner arc marked m the music thus For 

inareh(‘s, chords struck in this way are very 
af)pro})riate. To J)lay them, keep the elbow 
low. Kound the tingers less than usual. 'I’bo 
palm must bo close to the strings, so as to stop 
the sounds at once. As the right wvist is su])- 
ported by the soundboard, the damping with 
tho right hand is done by Iho fingers. 

To accomplish tlu! shake tho student must 
practise patiently and continually. I’lie shake 
is produe(‘d by sounding one note and the 
next higher to it quickly, and repeating the 
operation as long as is necessary. Take can* to 
move the tingers only. Keep tho wrist tlexihle, 
and avoid any motion of tho arm. Althougli 
only two notes are sounded, tho shako is 
done best by using throe lingers. Strike the 
upper note with the thumb. Sound tho otlua* 
not/c with tho th-st and sec*ond finger alternately. 
[Ex. 28.] 

Chain Shakes. Tt is well to practise tho 
shake all up and down tho scale. Use both hands 
altomatoly. Sound t he notes at first very 
slowly. Always praotiso the shako in strict 
time. After exorcising the tingers deliberately, 
double the speed. Go back to tho slow tempo. 

Harp 


Try again, as rapidly as possible. In other 
words, shake slowly for four bars, and then do 
the next four bars quickly. To trill powerfully 
and firmly, the thumb and tho elbow must always 
bo held high [Ex. 29]. A delightful tremolo effect 
is obtained by doing tlie shako on homophones 
or strings lying adjacent w liieh gi vo tho same sound 
after the pedals have been adjusted to bring 
tliem into unij-on. If tlie tremolo passage, or tho 
.shako, is a long one, use the thumb and three 
lingers instead of two. Played very softly 
on the harp, the tremolo, or shake*, has a distinc- 
tive charm. It is tlicn marked his bigliamcMto, 
which means whispering. [Ex. 30]. 

Tremoloed Arpeggios. This glori- 
fication of the ordinary arpeggio was intro- 
duced by tho harp virtuoso, Parisli Alvars. It 
re(|uir<^s considerable practice. Briefly, it is 
the rapid roiietition of three or four notes, ua 
shown in Ex. 31. 

The guitar sound effect is indicated in harp 
music by the words sons d'ongles, or nail-sounds, 
'riie.se are cicated l)V striking tho strings ni'ar 
the wrest-pins with considerable force, using the 
nails. Employ the tij)S of Ihe lingers if the nails 
an^ not strong enough. 

Lute Sounds. The words “ near tho 
soundboard” usually indicate the lute effect. Tt 


itn 



is supposed to reseuiihle the tone of a ware-strung 
lute Nvlicn struck V>y a plc(*trum. In this case 
press down t he sounrlboard slight ly w it h the lingers 
of the left hand, after eacli note has been struck 
as before lusar the })cgs w ith the right hand. The 
pre.ssure of llio J(‘ft tingens on the soundboard 
must be at thi5 oppositi? end of the string actually 
struck. So as to give resistance to the tips of 
the iingiu's. use tho thumb ns a lover on the 
body of the instriinK'nt. "Ibis manipulation 
gives ii ])oitamcnto cifi-ct to the vibration, so 
that the sound of the string seems to bo carried 
on to tho next one. 

Unique Effects. Amongst peculiar achiovo- 
immts indulged in by good harpists is that of 
altering the jiitch of a sound by pressure of a 
jiedal. Thus, play Immediately press dowm 
the H ])edal one notch. Tho vibration of all 
the B!? strings pulsating in sympathy wnth tho 
one struck will he raised half a tone to B tj. 
Tho sound, although tho string is not again 
struck, glides up sjjont ancously a semitone with 
an fcoliaii effeet. This ingenious device is often 
used when two notes, one half a tone above tho 
other, are oonnwted by a slur. In music, the 
indication is liez 'ixir la pedale, or linked by tho 
pedal. [Ex. 32.] 

concludful 
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Different Modes of Transmitting Power. Belts versus Gear- 
ing. Tensile Strength. Belt Velocities. Power Transmitted 
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Machine Driving Delis. Driving 
]) 0 \vcT from steam, gas, and water has to be 
transmitted to the maehhiery by means of 
sliafting, with tooth and pinion wheels, by rop(‘s, 
or by belts on pulleys. In some factories we 
find a eombination of all three methods. The 
main driva* may he t |■ansmitt(‘d from the <‘ngines 
by rop(‘s on to tlu* main shafting, tooth and 
pinion wheels taking the ])ower along the ceilings 
of the machine-rooms on shaftings, from which 
belts take the ])ower to the maehiiK's. Every 
workman has, or ought to have, a good opinion 
of the products of his trade. If you ask a mill- 
wiight what is th(‘ Ix'st sort of drive, ho will 
say that it is the tooth and ])inion, of eourst*, and 
give very strong reasons for his ojrinion ; if yon 
ask a ro])e-maker the same question, lu* will 
prove tt) you, Ix'yond all eavil, that th(‘ rope drive 
is umsjiialled, for heavy wor’k <‘sp(‘cially ; and 
ttu' Ujatlu'r Ix'lt. maker has an even stronger 
assurance of the super iority of h'ather belts over 
all other power* transmitters. It may be trade 
conc('it, but we hold strongly to the idea that 
th(‘ Ix'lt drive is superior to (dl others for gcaieral 
purposes, Rojx' drives aiv difheirlt. to regrdate, 
lh(‘ ro}X‘s being apt to d(‘v<‘lop dilhMcnt i‘ates of 
spe(‘d, and pr‘(xluc(* an oscillating nrotion very 
trying to machiiici’v ; tlu’! leath<‘r Ix'lt, Ixung a 
unity, runs at. om* s]x‘ed. 'rrxrth and pinion 
wheels are liable to break without a moment’s 
warning, a sudden jar smashing the te(‘th and 
bringing the machinery to a standstill while a 
new wheel is being got. and put in ])lace ; leather- 
belts, on the other Irarrd, givt' lotrg waitriug, and 
in case of a bi-cak, a r’cpair sutlieient to carry 
through tlu- wor-k of the day is (Uily a matter 
of a few moments. 

Engineering SKill Useful. As he is 

the coadjrrtor- of the t-ngineer and machinery 
user, th(‘ belt-makr-r shoirld possess more than 
a sirrattr-ring of nu-chanical scicnci-. In the 
course of his work he will be called upon to solve 
many irroblerrrs itr nrochanics. A h-athcr belt, 
maker who aecpiires a rr-jurtation for ability to 
help the enginer-r or the factory manager- over 
difficulties is srrre of success ; without that 
n-putation and ability, he might nt*v(T get a 
f(M>ting on the market. Moreover, t}ie belt- 
maker is frequently otTer-r-d tasks involving 
a high degree of engineering skill. To the 
uninitiated it seems impossible to transmit 
pow’er round a corner with belts : but it 
can be done, as our illustr-ations [23 and 24] 
show. It. is in extensions of works that most 
of these problems come into existence. For 
some reason, the added building cannot be built 
in line with the old factory ; the new^ wings must 
[ be set at obtuse angles ; the main shaft of a new 


department needs to tx* set at right angles with 
the t-ngine — for these eeeentrieities, and many 
others, the belt-maker Iras to ho ])repared. 

.\t the very least a knowledge of ineehanies 
is a defensive weapon wuthoirt. which the maker 
of belts may oftrui he unjustly put. dowrr. I’he 
Ix-lts are fretpu-ntly blamed for the faults of 
the maehim-ry. Many instanec-s of this could 
be givr-rr. A eommon cause of dis])utc betw-ci-n 
tin* belt-maker and the belt-user is the heating 
of bearings that stiffen thedrivt* and br ing about 
a disM-str-ous br eak. VVherT tlu' earrsc is hurriedly 
sought, the hi-aring has cooled down, and 
because no other thing seems guilty the belt 
is blamed. 

Use of Belts. The earlk'st and most 
obvious use of the It-ather driving bc-lt was as 
a substitute for cor’d in pow-er transmission 
over short distances. Wo can trace* the steps 
by which the belt entenxl indrrstry in the 
cotton manufacturing process. First tlu-rc was 
the spinning wheel, tire spindle of which was 
<hiven by a cor’d fr’om the w'heel : next the 
improved hand loom, with leather thongs on 
tin* picking barrdk- ; then tlu* spirrning nraebinr's, 
with shaft iirg driven by water power*, and the* 
h(‘lts eorrnr-et irrg the pulleys oir tlu; shafting 
with the spinning fiarru*. For a long time the 
belt drive was o\\\y used for small work - the 
driving of lalhi-s, ])lan(‘rs. loorrrs, and all machine 
tools ; hut the main drive was entrirsted to the 
inillw light. 'I’o the cautious, solid-working 
<-iigiireers of the early ninef ('cntli eeiitury, the 
bell set-rned a risky vehi(-le ft>r liigh powers. 
What they would say now, if they saw a hell 
carrying oOO Ir.-])., it is im]K>ssihlc to guess; but. 
the fact would certainly sur])rise therrr. Makers 
of ])ower transmitters have eoulended for 
the main drive as the pri/.i* to he won. Roth 
engineers rriid leather manufacturers in this 
eorinlry sr*emed for a long time to eonsifler 
leatlu*r Ix-lt orrt of the rrrnning for that high 
function. Helwet-n the engine and the driving 
inaeliim-ry a space of as mrreh as lot) ft. soine- 
linu-s intt-rvenes ; to ])i(‘ee th(* availahh; liuigths 
of leather hidr* tog('th(‘r into such a length 
seemed, hefor-e it was srii-eessfrdly undertaken, 
a task insurnioirntahle. The hr-eadth, too, for 
<-arrying high ]X)W'(‘is Avas a ])rohl(‘rn. Ropes 
could be imrltiplied to ner-d, tooth and pinion 
wheels could lx; made any size, woven bolts 
might be made any breadtli ; but the breadth 
of the hide alone was accepted as the limit of 
the breadth of a belt. 

An American Example. Her-o wo 
come upon one of the indii-eet benefits civilisa- 
tion has derived from colonisation of wild 
and distant lands. 8o long as he had a 
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millwright or a rope-maker handy, the engine 
builder might never liave given leather a chance 
of helping him ; but away out in the backwoods 
of America the ease was wholly different. 
The hardy lumberer had water-power, timber, 
and oxhides in plenty ; but the millwright was 
far away, and freight of iron and steel is costly. 
But the pioneers of our I'ace are handy men, to 
whom practical difficulties are merely a atiimdus 
to invention. ^Fhey madt^ water-wheels and 
driving shafts of wood, and driving-belts out 
of the raw hides of oxen. When the bullocks 
'were skinned, the bides were nailed u})()n 
wooden frames, aufl there dried and eurc^d 
with the hair on. Cut into strips, tlie hides 
were .softened by friction and grcasi', and laced 

together into the lengths and 

breadths recpiired with raw hide [ 

thongs. When population came 
along, and the settlement grew into / W- 

a town, machinery also came, and I 

the raw-hide belts rose to higher ' 

usefulness, their lightness, strength, IvC/ 

and handiness giving the belts pnder- I 
ence over all otlier transmitters. I 

T)io belt-makers in the Motherland I J 

wore not long in ])rofiting by fh(‘ I I 

example of our kiusimai beyond the I I 

fleas, and began to undertake tlu^ I I 

whole of the power transmission, I I 

from engine to nuKdiine. Within 11 

recent years tbi‘ trade has grown II 

to large dimensions, and driving- HI 

bolts arc the familiar friends of all HI 

engineers. Larger and larger belts HI 

arc being demand(‘d, and, of course, HI 

a corresponding improvcunenl in |H 

fltrengtli and lightness reqiiirc'd. JH 

Belts () ft. in br<*adth and of grt‘at ^H 

length arc constantly in use at the 
present day, and belt -makers will ^ P 

clicerfully guarantees efficiency in ^H 

bolts 12 It. broad. Hi 

Values of Belts. Tbt? qualities 
r(*quircd in a driving-belt art^ | 

strength, durability, and conveying 
power, with a minimum of stretch. 


One square inch of belting is equal to a belt 
4 in. broad, J in. thick. These tests are purely 
experimental, and bad conditions will altogether 
throw them out ; but a wise belt-user is sure 
to allow a considerable margin of strength. 

Belt Velocities. The ability of belts 
to transmit power may be increased or dimin- 
ished by several conditions. It is well known 
that wooden pulleys have a greater adhesion 
than metal ones, and lie more kindly to the 
belt. Observing this, some tmgincers offer 
leather-covered or rul)ber-covered pulleys to 
manufacturers d(‘siring the best kind of drive. 
Wooden pulleys, or pulleys covered with leather 
or rubber, almost double the draught of the 
belt ; but th(‘ bare metal }udley w’Ciars longest 

ff and gives the most constant drive. 

Our ealeulat ions, therefore, are based 
on tlie use of metal pulleys. What 
might be called velocity problems 
'j j take three forms, j>roeeeding from 

two known faelors to an unknown. 
First, and most important: at what. 
' speed will a belt, running at a certain 

V(‘locity on a given diaimder of 
I })ulley, ‘bi\(^ a shaft? Secondly: 

I Avhat is tlie diametcu’ of piilhy 

I retpjired to d(‘vel(>p a etutain belt 

■ V(‘]oeity, uith a. shaft running at a 

I given sp(‘etl ? Thirdly : what is the 

I belt velocity dev<‘loped by a sljaft 

;■ running at a given speed, with a 

I pulley of a certain diameter? ’’.rhe 

I three factors are muliially related 

H and (‘oeflieient, change in the one 

H altering the other t\V(\ 'Pile table 

'H itself, shown on next XJage, best 

H illustrates the prinei})le. 

H Transmitting Po'wer. We 

H have left the most important S(^t of 
qu(‘stions to the last. Every user 
of power is dee)>Iy concerned about 
fT^lrb how much horse- powa'r he can g('t 

y [ out of bis engines and gearing. The 

question the belt-maker has to 
^ ^ answer more frequently than any 

other is : What is the transmitting 


On these ample data have 23. tratssmitttxo tower power of your drive V This is thr 

been supplied by the trad<r. In the (shaft, is at light an-i crucial point’ and really involves al 
various tables compilefl we have toina. iine) others. Ifoisc'- power l-iii. wddtli 

found considerable di.scre])ancy ; but the follow'- leather Ixdt w'ill tran.smit : 

ing have been drawn from reliable sourees and 

practical experiment : I PiN.n.K i D.htul..; Rri.t. I 


Uner"”* crucial point, and really involves all 
others. Ifoi sc'- pow er I -in. wddtli 
leather Ixdt w'ill tran.smit : 
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1 Trussun* at 

J’er Pent. 

TunniiK‘** 

[ liroakim*-- 

of 

I 

lioint,. 

St rolc'h. 

— - — _ - 

III. 

— 

Host British On k -tanned 


24 

Best E()rei^n Oak-tannotl 

4,U74 

25 '4 

Common British Onk- 



tannod 

4,243 

26 

Common Foreign Ouk- 



tanned 

2, 70S 



Finest ( lirome-tanned . . 

1 0,050 

32 

Alimmed and Stuffed 

11,900 

38 3 1 

Alumned Kawhido 

13,100 

31-4 


Diatneicr 

<if 

Pulley. 


bolt Speed 
per Minute. 


Diameter 

of 

Pulley. 


Belt Speed 
per Minute. 





LEATHER 




TABLE OF 

BELT 

VELO( 

7ITIES. 


PiainotcT 
of Drum, 
Kt. 

2 

2!. 

3 


4 

1 

! 

; 

1 

H j — 

Itrvs. of 
{Shaft 
per miti. 

lUO 

02H 

7sr) 

942 

1,099 

1,250 

1,413 

1,727 fl. ]XM- uiiu. 

no ! 

090 

80 a 

1,030 

1,208 

1,381 1 

1,554 

1,899 

120 

753 

942 

1,130 

1,318 ; 

1,507 

1,095 1 

2,072 

1 :i0 

SIO 

1,020 

1,224 

1.428 ; 

1,032 1 

1.830 • 

2,245 

MO 

S79 

1,099 

1,318 

1,538 1 

1,758 

1,978 

2,4 17 , „ 

1 ru) 

942 

1,177 

1,413 ! 

! 1,048 

1,KS4 

2, 1 1 9 

2,590 j „ 

100 

1,004 

1,250 

! 1,507 ! 

' 1,758 

2,009 

2,209 1 

2,703 j „ 

170 

1,007 

1 1,334 

1,001 

1,808 

2,135 . 

2,402 1 


ISO 

1,130 

1,413 

1,095 

1,978 

2,200 

2,543 ! 


190 

1,193 

1,491 

1,7 89 
1,884 

2,088 

2,380 

2,084 i 


200 

1,250 

j 1,570 

2,198 

2,512 

2,820 j 

3,454 j ,, ,, 


Slipping Belts. Tho practioal details a 
leather belt maker has to eorisider are very 
nuiiK^roiis, and \vc ean only toueh on a few of th(' 
inon; iin])ortant. Wlien the belt slips, it is a 
temptation to adoj)t- flanged pulh'ys ; l)ut 
tliis may only add to the nns- 
ehi(*f. The pulley is most lik(‘ly 
off the plumh, and th(‘ Ix'lt, Ix' ir- 
ing lip against th(' flange, is »Mit 
and frayed to pieces in no time. 

To many the side of the b(‘lt 
which should lie nexf, the pulley 
H(‘(‘ins a matt(‘r of indifY(‘rene(‘, 
and som(‘ prefer the grain side 
b(‘eausi‘ it pn'sents a rough(‘r sur- 
face. Ifere are t wo errors. Hard- 
ness is the la.st quality to hed(‘sired 
in a belt surface. The natural 
luaid of all leatlua' is towards the 
llesh side. Nature is emphatic on 
this ])oint. Tho skin is a wrap 
round the body of the animal, and 
curves to the flesh it covers. 

(iiveii fair play, tJie flesh side of 
the belt will hug the pulley an<l 
carry away every ounce of ]>ower 
from the diiver and ])Ut. it on to 
the driven pulley. 

Belt to Pulley. The relations 
of belts to pulleys call for attention. 

The pulley should always Ix' wid(‘r 
than the belt, and allow foi* the play 
of th(' drive. Narrow^ pulleys cut 
and score belts. The diameter of 
the pulley/ should b(‘ projiort ioned 
to the thickness of tlu‘ belt. For 
heavy drives a thick belt is needed, and a maehiiu' 
user wants to get the highest shaft speed po.ssible 
from his drive. He therefore is apt to work w ith 
small pulleys. But to hend a belt J in. thick round 
a drum 4 in. in diameti'i* is suicidal. '^Phe bend 
produces creases, the creases wear, and the belt, 
cracks. A gtuitle curve produces no appreciable 
strain on the leather, but a severe bend un- 
doubtedly does, and takes from the tensile 
strength of the belt. 

Compound Drive. Perhaps the most 
remarkable discovery made in regard to belting 


during the past forty 
years was the prin- 
ciple of compound- 
ing introduced by 
tlolm 'Pull is. Sef‘ing 
a locomotive engine 
with eoupk'd wheels 
working with a 
heavy load on one 
pair of rails, the 
in vent or thought t h at. 
a pair of V>elts work- 
ing on one pulley 
ought to carry some- 
thing lik(' double the 
])()wei‘. He tri(‘d the 
i(k*a by ('xperiment, 
and found the theory 
correct. 'Phis simple expedient has sav ed much 
1 rouble and ex])ense. Jf you want to transmit, 
say, a third more jiower, the common recourse 
would he larg(‘r or mere yiulleys and widcT belts ; 
but all you have to do is to put a Ix'lt on the toj) 
of the old one tdready working. 
Kach belt takt‘S its own drive from 
the (‘ngine to the shafts, and in- 
en.*asi's the driving powiT by 100 
j)er (’cut. (.Compounding has given 
a mobility to belt-driving very 
wonderful to th(‘ inexpiu’it'nced. 
On a single, driving pulk'y you can 
put six driving belts, and let each 
di iving belt drive a dilTen'iit shaft, 
with ])ractiea]ly Ihe same result as 
if you had erected six driving 
pulleys. 

Successful Compounding. 

Many instances are given by the 
inventor of sueijess in the use of 
('om])ound belt-driving ; hut we 
can only give two instances which 
illiislrati* the .service of the d(‘viee 
in overeoming a difheulty. Sriim* 
years ago, (‘xtemsions vv(*n‘ hi'ing 
made in a London Hour mill, 
dcananding from 80 to lOO per 
ec'nt. more power. Tlu^ engine 
was (piiti^ capable of doing this, 
hut the 14-in. licit was good for 
no more than it was driving. 
'Pile first idea was to put in widei' 
pulleys ; hut, as this invx)lv<*d 
much ex])(‘n.sj‘, both driver and 
driven being eontiiud in a small 
.space elos(‘ to a main wall, the compound drive 
was r(*soTt(‘d to. A 17-in. double orange-tan belt 
wa-s put. on next tin* pulky, and the old 14-in. 
double was put on top of it. 'Phis gave 100 per 
cent, more ])ow<‘r at once, and tlie helt.s w'ork(‘d 
.satisfactorily. A firm of linoleum manufaidiirers 
in .Antwerp wen‘ also taken out. of a tliflieully. 
'Hiey were driving with a pulley of small dia- 
meter at high speed, and the double belt in u.se 
at first was unabh* to lift the load. 'Pwo single 
orange-tan belts, eaeli 22 in. wide, were put on, 
and the whole diflieulfy was overcome. 


Continued 
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LACTIC AND SOME TOXIC ACIDS 

25 

The Acid of Milk and its Properties. The Amides. 

(’oiitiiiiipd from 

PHtfc ;»«7 

Prussic and other Acids and their Antidotes. Cyanogen 


By Dr. C. W. SALEEBY 


pUIiTTIKH on in th<' of liydi oxy acids w. 

conic to an extremely important, body known 
as lactic acid. Ft is norn* other than hydroxy-pro- 
pionic acid. Propionic acid has already been 
named and its formula giv^(‘n. Plainly, the 
hydroxy acid derived from it must have the 
formula CH,.-CHOIT-COOir. 'Phis dilh'rs from 
the formula of propionic acid only in the 
middle term, which contains a hydroxyl instead 
of a hydrogen atom. Lactic aiid is so called 
because of itvS production in milk, and a good 
deal has ain'ady been said of it, a])ropos of 
butyric acid and its production. 'Phus, the 
cfisie.st fashion in which to pre])are lactic 
acid is simply by lactic b'rmentat ion of sugar. 
When milk turns sour tlu^ cause' is the pro- 
duction of lactic acid from the lactose of the 
milk under the inHucnce of tlu' lactic acid 
bacteria, tirst dis<*()vcicd l)y Pasteur. Tin* 
characteristic sugar of milk, known as Iart(m\, 
has the formula Li , . Add to this one 

molecule of water, and we see how the whole 
may split up into four molecules of lactic acid 
C.jUj.C);,. The process is really much more 
complicated than this statement, which will 
suffice, however, for our present purpose. 
In 1877, Lord Lister discovered what he ealh'd 
the hacilhis Jactis. which may or may not hav<* 
been identical with that previously found hy 
Pasteur. 'Po-day w(^ know a very large number 
of dilferent bactt'ria that can cause this fer- 
mentation ; indeed, more than a hundred 
different bacteria an' known (o do so, 17^- 

Lactic acid is of groat, interest for tliroc 
distinct reasons — in the first place, chemically ; 
in the second place, historically ; and in the 
third place, iiractically. We must procted, 
then, to eonsidcT it from these three points 
of view, though tlie v('ry interesting history of 
the subject can he discussed only incidi'iilally. 

The Pure Chemistry of Lactic Acid. 
Hitherto wo have spoken as if there were only 
one lactic acid, but as a matter of fact, there are 
more than one. In the first place we must note, 
merely as a matter of theoretical importance, 
that there is a second lactic acid Avhich differs 
from tlio first in the internal arrang('nient of 
its atoms. Its eonstifutional formula differs 
from that of ordinary lactic acid, already 
given, since the liydroxyl group is in a different 
place. It runs thus ; (XIOll, 

From tlio purely chemical point of view wo, may 
say, then, that there are t\vo hydroxy-propionic 
acids, and wo may distinguish them by the 
Greek li t ters alplm and hetp,. 

But if we confine ourselves to ordinary lactic 
acid, wo find tha t it also is of more kinds than one. 
In the first place, there is the acid which is 
obtained from milk by a process so important 
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thfii w'C must afterwards deseriho it carefully. 
'Phis acid is optically inactive — that is to say, 
it has no action upon tlu^ plane of a ray of 
])olariscd light when this is passed through a 
solution of it. But wo have already seen that 
fhero is at least one ojitieally inactive organic 
acid Avliicli, on invi'stigation, proves to ho 
inactive merely hecausi^ it consists of suitable 
]>ro])ortions of two acids, one hreu-rofator)/ or 
lel't-lmndcd, and the otlu'.r dc,rfn:>-rnfaf()ri/ or 
»*ight-lia Tided. The same is true of lactic acid. 
If we take muscular tissue and treat it snitaVily, 
wo obtain laetii* acid from it. and this, since it 
is diTivcd from flesh, is usually known as sarco- 
lactic arid (dns'k .wmM*, fii'sh). The name 
implies, by the way, that it eomc's both from 
milk and from tlcsh, which is absurd, hut still it 
is convcnii'Tit. Now sarcolactic acid dilTers from 
th( more familiar lactic acid of milk in that it 
ronsisls almost entirely of the right-hand<‘d acid. 
The two acids a,T‘e of crpial, though opposite, 
optic activity, and the inactivii acid dcriv^cd from 
milk tli<'n*forc consists of the two acids in crpial 
proportions. 

Asymmetrical Carbon Atoms. Already 
some brief mention has been made of the rpiestion 
of symmetry in organic (’ompounds -that, is, 
synimi'try of molecular const itution. We may 
now proceed to give the rigorous ehemical defini- 
tion of what is known as an asymmetrical carbon 
atom. It is one, I'ach of the four hands of which 
is liolding on to a dilTcrcnt atom or group of 
atoms. 'Plus is the I'ase in lactic acid, as wo 
shall readily see if we write out the formula in 
the gra])hic form : 



ho-o—cooh 

I 

IT 

Now the above formula is unrlouhtedly correct, 
but it is not the only })ossible formula. Suppose 
we hckl it up to a minor and read it in the mirror, 
it w’ould be the same and yet not the same. Your 
two hands arc thii same, and yi^t they are not 
th(' same. You w^ould recognise this if you were 
suddenly provided w'ith a left hand at the end 
of your right arm instead of your right hand. 
Similarly, in tho c'ase of many organic com- 
pounds, the molecular structure of two bodies 
may dilTor only as one’s right hand differs from 
one’s left. Your two hands arc both human, 
and at birth, at any rate, were both identical in 
every respect save one ; it is just that one respect 
in which right and left-handed lactic acids, for 
instance, differ from one another, and in that 
alone. Wo have purposely used tho analogy 
of human hands because it seems a happy one^ 
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and because the association of ideas cannot fail 
to recall it to tlic reader’s mind whenever he 
is asked to explain, at a moment’s notice, the 
dilTercnco between two such closely similar 
bodies. But, of course, we must not be confused 
by the us(i of tlu^ terms right and left-handed 
in the names of the lU'ids. They are so-call<‘d 
not by analogy with hands, but because they 
turn the plani‘, of a ray of polarised light to the 
right and left respectively. A littl(^ criticism 
can show, by the way, that the terms right, and 
h^ft can r(‘ally have no meaning in relation to 
rotation, and it is a curious and significant fact 
that language provid(‘s us with no better sub- 
stitutes for them than clockynse—Wmi is, in the 
direction of the hands of a clot-k—and contra- 
rlocJruHse. 

The philosophi(i read(‘r Avill see that, in dis- 
cussing a matt<‘r apparently so prosaic as tlic, 
difXcronco between two kinds of acid found in 
sour milk, we are on the verge of considerations 
which raise the whole question of a conception 
no less stiijicndous in its significance than our 
fundamental conci^ptions of space and spatial 
relations. 

Molecules and Liight. If the reader 
be one of those who ponder over things after he, 
Ivas read them, y(d. another oonsid(‘ration wall 
oeeiir to him. When we were discussing the 
refraction and tlu^ reflection of light in the 
(tonrso on Physics, it was jiointod out that our 
statement of the dogmatic laAvs of these pheno- 
mena must not lead anyone to suppose that wo 
undi'rstand the actual relations of ethereal 
waves to i)ond(‘rahl(^ matter. Is it. not evidiuit, 
however, that w(‘ ar<‘ beginning to a<H;umula.to 
fatils that ANill h(‘lp us when w<^ nsaliso that, of 
two molecules, wliieh differ from one .another 
only as a right hand ditfer.s from the loft, oiu^ 
will act upon .a plane of ethcral vibrations so <a^s 
to turn it eloi'kwise, and tlie otlior so as to turn it 
coiitra-elockwise V Wliy and how, w<‘ cannot 
yet say, but we must hold fast to the t*x(remcly 
import.ant generalisation that polarised light can 
he rotated <mhf hg bodies whose )nolccides }H)ssess 
an asfpnfuetriral carbon atom. So much for tlu^ 
pure ehemistry of lactic acid. 

Sour MilK. It has been jiroved beyond 
dispute ih.at the souring of milk, or its lactic 
acid fermentation, depends neces>^arily upon the 
])resence of living organisms. It does not weur 
spontaneously. If the organisms bt^ (‘xcluded, 
milk may be drawn and kept, for months without 
undergoing any chang<i tJiat can bo detec t (d. 
Pasteur first distinguished the l.actic ferm<*nt 
from tlio alcoholics ftsrment. He found that 
wdien milk tttrned sour, there was usually a grey 
deposit consisting of haidoria. “ Pasteur tium 
introduced a trace of thi.s deposit into a solution 
of sugar to which ho had added a decoction of 
yeast and some chalk, and in this artificial ly- 
prepared liquid lie thus obtaiiKul lactic acid 
fermentation. From tnis fermenting fluid ho 
again transferred .a slight trace to a similar 
solution of sugar, and so on, invariably obtaining 
the lactic fermentation and invariably finding 
the same corpuscles in the deposit.” [“Bactori- 
x)Iogy of Milk,” page 156 . ' 


Wo shall proceed to qiiot/O freely from tho 
standard, if not indeed the only, notable work 
that has yet been written upon the bacteriology 
and bacteriological chemistry of milk and its 
products. “ T’he lactic organisms produce appre- 
ciable amounts of lactic acids only at somewhat 
elevaitid temperatures. If the aiiiourit of acid 
rise.s much above 2 per cent., the growth of the 
lactic acid bacteria is inhibited.” In g(‘n(*ral, 
the lactic? acid bacteria do not form spores, and 
can tlua-tdore lx* killt'd readily by heat. Some 
are anrerobic, growing Ix'st in the absence of 
free oxygen. 'I’hcy sour milk lx‘.st in deep 
ves.sels, and produce? a right-handed lactie acid. 
Others produce various gases in the course of the 
fermentation —the production of which gives 
their charaett'r to certain kinds of cheese. The 
arrest, of the proc(?ss of fermtuitation by its own 
productis may be noted, as it is similar to what 
we have already seen in the case of al(K)holie 
hTinentation, .and would appc'ar indeed to ho a 
geiu'ial principle in fermentative processes. 
Milk turns sour most nvidily “ at between 35’ C, 
and 42’ C., and when 2 per cent, of lactie acid is 
reached, the process of further production ce.ascs. 
If the milk be then neutralised with carbonate of 
lime, thci)roc(‘Ss of fermentation will recominciuM? 
until the acidity again stands at 2 [)cr cent.” 

MilK and Hot Weather. . Kveryone 
knows that during the hot months of the year 
infants die* like Hies in all our large cities. One 
of the chief causes of this is the decomposition 
of the milk on whi(‘h they are fed, and tlif3 reason 
why the hot months arc? so fatal, .and why a cool 
summer saves many thousands of lives, that 
the temperature wc? have? indicated is the beat 
tcanperature for the fermentation of milk, which 
prexeeds rapidly in proportion .as that tcmpcTa- 
turc? is .approached. Part, of tho modcun trc'.at- 
im*nt of milk is to cool it to a point little abova? 
frc'C'/iiig point within a few seconds after it is lirst 
drawii*v Bcnily, no milk should bo sold w'hich has 
not been subjected to this process, unless it is to 
be drunk immediately after being drawn. 

This is not the ])lacc? in whieli to discuss tlii? 
origin of the lactic acu’d bact;Cii.a, T(. has been 
conclusively provc fl that t.lu?y are never a normal 
and original eonstituent of the milk, but art? 
invariably “ a secondary contamination of the 
milk from some oxtc'rnal source'.” 

£vil Results. The? reader must not ima- 
gine, however, that tlic lact.ie acid fcrnicritation 
of milk is to Ix' looked upon as c'ntircly evil. 
It has two very dilTercnt aspects. TJie iacto.sc? of 
milk is one of the? most vahi.able of its food 
constituents, and if it he decomposed before the 
milk is drunk the food value? is lost. This is a 
serious matti'r in the? case ejf an infant, but not 
the. most serious. Fear the lactie? .acid is itself 
injurious to tho d(?licate? internal structure of an 
infant, a«s also is the growth of the bacteria whic-li 
j>roduce it. We'll worthy of note is the significant 
fa<t that the one carbohydrate supplied by 
Nature for food purposes — n.aniely, the lactose 
of milk — is far more resistent to fermentation 
than ordinary sugars. Thi.s is one reason wliy 
sugar of milk is much preferable to oano sugar 
or to glucose in the artificial feeding of infan^^s. 
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Good Results. But, on the other hand, 
lactic acid fermentation of milk i» of A^ery oon- 
Hidcrablo economic value in the right place, Tn 
this complex world there are few things that are 
Avbolly good or wholly evil, and prohahly none 
that are good or evil in themsclvoM. These ad- 
jectives can be applied only to the a])]jropriat.e- 
ness or unappropriatenosr., the litner.s or untit- 
nesft of things— in short, not to themselves, hut 
to their relations. 

Thus lactic acid f(;rmentation causes what is 
knoAvii as the rip(‘ning of cream, and this is a 
process of very great value, as everyone ought 
to know who has ever tasted butter. At the 

present day economic bacUiricilogy which is to 

bo discussed in a. subseciuent course -is making 
an exhaustive stiuly of dairy bacteriology, and 
very notably of the conditions of lactic acid 
fermentation, which is all-important in tlu^ 
making not merely of hut ter, hut still mon^ of 
ehees(‘. 'flio lactic acid haeU^ria const ittile 
about, ho ])er cent, of all organisms present 
during the ripening of cheese. We have already 
hinted that tlu^ appearance of (Jruyere ehec'se is 
due to the activity of organisms which, in the 
eoun.e of the production of laet ic acid, also pio- 
duee g^is. 

The Views of Professor MetchniKoff. 

Quite recently the world-famous scientist. 
Professor MetehnikofT, of tiie Pasteur Institute, 
has made studies which sugg<‘st «a n(‘\v 
importance for lactic acid. This subject nmst 
brietly be referred to, and for further details 
the read('r may be refcMic'd to Metelinikotrs 
“Nature of Man” (English translation, Heiu(‘- 
mann, lO(Kl), and also to the second of Profes.;or 
iMetchriikotT’s irarben Lectures, delivered at 
King's Pollego on May 28tli, lObO. In the 
chapter entitled, “The Seien title Study of Old 
Ago,” in the book referred to. Professor Met el ini - 
kotf points out that eivilist'd man sutlers eoii- 
sidorably from the effects of fermentation within 
the alimentary eana,]. He goes on to show that 
the laelie acid bacteria contained in milk, and 
ospeeially in sour milk, ’ are inimical to the 
flevelopment of the ordinary bacteria of putre- 
faction, sinee these latter multiply only in an 
alkaline medium. He says the lactic aciil 
microbes produce larg(* (luantities of acid, and -o 
hinder the multiplication of tlie organisms of 
putrefaction. Ihitrefaetion tal;es place rapidiv, 
in spite of the pr(*senee of the laet ie acid microbes, 
if there be added soda to . . . meat or milk.” “ It 
is plain, then, that the slow intoxications that 
weaken the resistance of the higlua* elenumts ^»f 
the body . . . may he arrested by the use 

of kc])hir, or, still bi^tltr, of sour milk. The latter 
differs from k<'])hir |an etferveseent alcoholic 
sour milk prepan'd by the inhabitants of the 
Caucasus from the milk of goats, sheep, and 
eoAvs], in tliat. it contains no alcohol, and alcohol 
in course of tinu! diminishes the vitality of some 
important cells in the body. The presence of a 
number of the lactic acid bacteria is inimical to 
the groAvHi of the bacteria of 2 )utrefaotioii, and 
so is of great service to the organism.” 

Hence, Professor Metchiiikoff and many of his 
disciples make a point of drinking some sour milk 
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every day, and the evidence seems to be accumu- 
lating in favour of the view that this jjractici) 
promotes health by “ preventing the development 
of butyric and putrefactive ferments which 
should be regarded as redoubtahlo enemies.” 

The Amides, The group NTf^ is known as 
the amido grou^J, and may replace various other 
atoms or groups in many organic compounds. 
Thus AA'o have amido acids very clorely allied to 
the hydroxy acids which we have just betm con- 
sidering. Tn them the amido grou|> replaces th<^ 
hydrogi'n of the acid. Similarly, there are a 
number of amides in which the amido group 
oeeurs. Tlie most familiar of these is acetamide, 
the name of which indicates that it is a derivative 
of acetic acid. TndiH'd. it is sim})ly acetic acid of 
which the hydroxyl has boon r('|>lac<^d by tin* 
amido group. This acetamide must bo regarded 
both as an acid and a l>a.se. It is a base in virt.iu^ 
of its relation to a-inmonia, and thus, like am- 
monia, it forms a liydrochloride, the formula of 
Avhicli is that of acetamide plus that of hydro- 
chloric acid. But, on the other hand, it. may be 
regarded as an acid, sinee ee'rtaiii metals can 
rt*plae(‘ one of the hydrogen atoms of the amido 
group. It is a whib^ <■rysl,allin(^ solid, in tliis 
n'sjK’ct resembling all th(^ othe^r amides (‘xeept 
formamide', Ht.'ONH^, which is a liquid. 

Prussic Acid. It can bi* shown that hydro- 
ey’anic acid or firussic acid, witJi its salts, the 
cvanid‘‘t’., is relate'd to tlu^ amides which wo have 
just l)c(‘n considtu'ing. This is an (^xtremely^ 
important body from mahy points of view, and 
must be car(‘fully eonsid(*red. Its chemical name, 
imlieates it.s formula, which is H(’N. Its popula,r 
name indicates its relation to the w(*ll-kn()wn 
pigment (*ali(‘d /^ras.'iiun blue. Though this body 
is an extremely powi'rful poison, it is a vc'ry 
feeble acid. Its history is of very grevit eliernieal 
interest, for it was very earefully worked at by 
Hay-Lussae, wlio came to tin* conclusion that its 
constituent t’N must lx* regarded as a. unit. 
Suhsefjuently lu^ discovered that this unit exists 
by it.self, and hr! gave it. the name of epnnagen. 
It was from tlii.s time that there dates the ex- 
tremely valuable idea in ehemistry of a “ eom- 
iioiind radical.” 

Preparation of Prussic Acid. There 
are several ways in which prussic acid can be 
jirepared, and we may lirst of all name some of 
tho.se whi(!h an^ of ehemieal interest. Eor instance, 
it is produced by the distillation of formamide, 
the body we liave just dis(!usse<l. Remembering 
tlie formula of formit^ acid, the reader will bo 
prepared to believe that that of formamide is 
HCONll.j. Each molecule of this simply splits 
up into om^ of jwussic acid and one of water. 
Again, in confirmation of the acid nature of this 
a<-id, it can be prejiared by decomposition of a 
(!yanide. This is usually done when it is required 
to be free from water or anhydrou.s, dry sul- 
phuretted hydrogen acting on dry lead cyanide. 

H.,S -}- Pb(CN). - PbS 4 2HCN. 

This process, however, is extremely dangerous, 
since prussic acid is volatile, and it must, there- 
fore, be carried out under conditions Avhich ensure 
that the operator is not subjected to the risk of 
breathing it. 
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The commercial process for the preparation 
of this acid depends upon the decomposition of a 
complex salt which wo shall study shortly, and 
which is known as ferrocyanide of 'potassiwm^ its 
popular name l)eing pt'ussicUe of potash. The 
decomposing agent is sulphuric acid. 

Characters of Prussic Acid. At 
ordinary temperatures the acid is a colourless 
liquid which, however, boils at only 26*5® C. 
The vapour, as might be expected, is inflam- 
mable, yielding carbonic acid, water, and nitro- 
gen. At not very low teraixjratures ( ~ 15® (^) 
prussic acid freezes. As prepared by ordinary 
m<^ans, the acid is mixed with water, with which 
it mixes in all proport ions. The acid is extremely 
difficult to keep, as it is apt to undergo what is 
called spontaneous decomposition. Though it 
is chemically an acid, it scarcely reddens blue 
litmuvS paper at all. It forms salts with alkalies, 
hut it is so weak that it is incapable of decom- 
posing ev<‘n an alkaline carbonate. It is thus 
(rlassified by toxicologists or students of poisons 
with two other acids, oxalic and carbolic — later 
to lx-* studied — which exert their characteristic 
actions upon the body independently of their 
acid i)roperties. Unlike sulphuric acid, for 
instan(!C, they are poisons not becausi*. they are 
acids. Oxalic iind carbolic acids possess also 
the caustic properties typical of acids, but 
prussic acid, whi(jh is a far more deadly poison 
than cither of them, has no caustic properties 
at all. 

Prussic Acid and Living Matter. 

Prussic a('id must by no means ha considered 
the most deadly of poisons so far as its dose is 
concerned. Quantities of it are constantly given 
in medi<!ine — in dilution, of course- scores of 
times greater than would be fatal in the case of 
many other substances. But it is pre-eminent 
on account of the rapidity of its toxic action. 
One drop of the {)ure acid merely pla<’cd within 
the eye of a dog will kill it instantaneously. 
This body is a protoplasmic poison — that is to 
say, it is directly toxic to protoplasm wherever 
found, whether in the lowliest plant or the 
highest animal, and yet it docs not coagulate 
ju'oteids such as are found in all protoplasm, nor 
do<‘S it act by withdrawal of water. From our 
present point of view, wx* may divide the various 
salts of this acid into two distinct groups. In 
general, the single cyanides, such as potassium 
cyanide, a.rc almost as poisonous as the acid 
itself. On the otluT hand, the double cyanides, 
and also the single cyanides of iron and platinum, 
have no poisonous properties at all. This fact 
is easily explained. The toxic cyanides arc 
those which arc instantly decomposed by the 
body, prussic acid itself being liberated. The 
innocent cyanides are so Ixicause they are 
incapable of decomposition by anything in the 
body. Such a single cyanide as that of i)otassium 
is readily decomposed even by carbonic acid, 
which abounds eveiywhere in the body. 

Why Prussic Acid is a Poison. A 
complete chemical explanation can be given of 
the reason why prussic acid kills every form of 
living matter. It absolutely and instantaneously 
* arrests that oxidation, w ithout which proto- 


plasm cannot continue to live. Thiis, in the 
case of instantaneous poisoning by prussic acid, 
the whole of the blood of the body is found to 
be of a bright colour. It contains nothing but 
oxyha^moglobin, the decomposition of which has 
been entirely arrested by tlic prussic acid. The 
poison acts indifferently upon every kind of tissue 
in the body — alike on the muscles, the glands, 
the nerve cells, the nerve trunks, and the nerve 
endings. Its extreme volatility helps to explain 
the ra]>idity of its action, but is of importance in 
regard to the treatment in cases of prussic acid 
poisoning. 

Antidotal Measures. All treatment 
of these cases is usually futile, hut nevertheless 
occasions may arise in which the readers of this 
paragraph may savc^ a life if they are energetic 
enough. The all-important question is one of 
time in these cases, and what is done must 1x5 
done quickly. It is usually quite useless to give 
doses of atropine subcutaneously, for time is 
not available. Brandy may be accessible, how'- 
ever, and also inhalations of ammoni/i. But 
far and away the most important help which 
can he. rendered by the bystandtu* is the |K 5 rfor- 
mance of artificial respiration. ^Ihe chtmiical 
antidote for prussic acid is of no value in practice. 
It consists of the administration of <a mixture of 
a ferrous salt, a ferric salt, and caustic potash, 
with the formation of non- poisonous Prussian 
blue in the stomach. Even if all IhestJ sub- 
stances were ready at hand, however, tht^y could 
not avail to neutralise the prussic acid which is 
instantaneously absorbed from the stomach. 

'riie veiy marked values of this drug in 
medicine arc due to its local depressing elfect 
upon nervous tissue, which it makes less 
sensitive. Nt*edl(‘ss to say, it can bo used only 
in extreme dilution. 

Ferrocyanide of Potassium. Mho 

important double cyanide known as ferrocyanide 
o/ polassinm is prepared in large quantities by 
the interaction of metallic iron, carbonate of 
potash, and many kinds of animal refuse. The 
salt forms permanent crystals which lose thoir 
water oil heating, yielding a white powdiT. \We 
have called it a double cyanide as if it wxre the 
eombiiiatioii of potassium cyanide and fenous 
c-yanide. But it must not so be n'garded 
chemically. It is, rather, a compound of potas- 
sium with the (•(mq>lex radi(;al jvrrocyanoyen., 
wdiieh has the formula Ee(CN),;. Its formula is 
K^Fc(CN),;. ('loKcly allied to this important 
salt is the ferricyanide of potassium, w hich fonns 
red crystals, whereas tliose of tlie hu'rocyanidt* 
are yelknv. When these iw;> salts interact ^vith 
other iron salts they yield ri(dily -coloured bodies 
which are of value as ]>igii)cnts. TvrnhulVs 
blue is formed by the mixture of the feiTieyanide 
and a ferrous salt, wliile Prussian, blue is formed 
by the mixture of the ferrocyanide and a ferric 
salt. 

Cyanide of Silver. One of the most 
important of the metallic cyanides is the cyanide 
of silver AgUN. This salt is precipitated wlieu 
nitrate of silver acts on prussic acid. It is a 
white substance which resembles chloride of 
silver. 
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Potassium Cyanide. Cyanide of potas- 
sium, wliich has the formula KCN, may bo pre- 
pared in various ways. Tlio most common is 
the action of heat upon the ferrocyanide. It is 
an extremely unstable body, white and deli- 
quescent. Water, and even tlie carbonic acid 
of the air, siiHicc to decompose it, so that it has 
the characteristic smell of ])russic acid. It also 
tends to become oxidised in the presence of air, 
forming the cyanate, which has the formula 
KCNO. (’ommercial cyanide of potassium is 
really a mixture of cyanide and cyaiiate. It is 
unfortunately only too easy for this poison to be 
bought for ‘‘ photographie ]mr])Oscs,” and used 
for suicide. 

Cyanogen. W'v Jiave already madt* one 
or two references to tJie \ery im])ortant organic 
compound which is called ci/antKjdL Its correct 
formula is not (-N but (CN).^, the two carbon 
atoms l)cing united. It is prodii(i(‘fl mo.st easily 
by th<^ action of Iieat u])on mercuric cyanide, 
wlii<*h splits up into nn'roury and cyanogen at a 
temperature below redness. It is worth noting 
that in this proc^ess a solid black I'esidue is always 
deposited. Tins appears to consist of molecules 
which are multiples of that of cyanogen, for 
when it is heatt‘d still further it changes itito 
cyanogen. It is called paraci/muiffcn. Cyanogen 
is a colourless ga.s witJi a (diaracteristic odour 
and poisonous j)roperti(‘s. It liquefu'S at about 
-20"C^, and at a som<*wliat lower temp< Tat lire 
can bo solidilied. It is somewhat soluble in 
water and much more so in alcohol, but the 
solutions, like those of prussic acid, rapidly tend 
toward decomj)osition. C’yanogen burns with 
an extremely beautiful flame, often described 
as pcaeli blossom in colour, yielding carbonic 
acid and nitrogt'ii. It does not directly unit<^ 
with liydrogcn so as to form prussic acid. When 
treated with the halogens, how'ever, it forms 
a oorre.spondlng salt, siicli a.s the chloride of 
cyanogen. 

Some n'feronce has pr(*viou.sly been made to 
the extremely suggestive, if erroneous, hypothe- 
si,s of Plliiger, advanced in 187r>. In comparing 
the living proteid molecule, which is unstable, 
with the dead probad molecule, such as that of 
white of egg, which i.s stable, Pfliiger argued 
that the dilTerenee might be explained by the 
pre.senee of the radical cyanogen in tin; former, 
lie siiggcst<‘d that “ in the formation of cell 
.sub.stance — f.r., of living proteids — out of fo»Hl 
j)rot<dd, a change of the latter takes place. 


the atoms of nitrogen entering into a cyanogen- 
like relation with the atoms of carbon, probably 
with the absorption of considerable heat.” 
We know that cyanogen i.s formed at an incan- 
descent heat ; “ aceordingly,” says Pfliiger, 

“ nothing is clearer than the possibility of the 
formation of cyanogen compounds when the 
earth was wholly or partially in a fi(*ryor heated 
.state. If, now, we consider the immeasurably 
long time during which the cooling of the 
earth’.s .surface dragged slow'ly akuig, cyanogen, 
and the compounds that contain cyanogen and 
hydrocar))on substances, had time and oppor- 
tunity to indulge extensively their great tendency 
towarcls transformation, and to pa.ss over. 
WMtIi the aid of oxygen, and later of w^ater and 
salts, into that self -destructive* prote'id, living 
m.attcr.” 

Cyanic Acid. Reh'rcncc has already been 
made to cyanate of potassium. This is a typical 
salt of cyanic acid, HCNO. We saw' long ago 
tl»at sulpl)ur and oxygen are elo.sely related to 
one another, and we liave alivady been providc'd 
Avitli many jnoof.s of this relation. Anotln'i* is 
furnish(‘d by tlu^ fact that wc know an acid 
w'hi<‘h correstxnids precisely to cyanic acid but 
in w'bich oxygen is re])laced by sulphur. This 
is known as sulpho-cyanie acid and has typical 
.salts — th(‘ su] pho-eijanatcf}. Potassium sulpho- 
eyanate is very well know7i. having the formula 
Ki'NS. 'Die aiumonium salt is also well known, 
and both are w idely used in chemistry. 

Cyanogen and Synthetic Chem> 
istry. We have already ol)served that 
cyanogen may be snpposixl to be involved in 
the characters of living matter, and now we have 
to learn that this ('xtremely important com- 
pound furnishes a starting place for the syn# 
the.sis of a very large number of compounds 
which, using tin* old terminolog}’, we may call 
imjmiic. If, however, W'o ai(‘ to aehi(‘ve our 
synthesis from the very beginning, it will be 
neees.sary for us to be able to synthesise cyanogen 
itself. This W(^ can accomplish indirectly by 
the synthetic production of cyanides, or hydro 
cyanic acid. For instance, the electric spark, 
p€a.s.sing through a mixture of acetylene, 0._,lf.j, 
and nitrog<‘n, produef^s ja u.ssie acid ; cyanide 
of ammonium is )>roduced by the ])assage of 
ammonia (^ver red-hot ehareoal ; cyanides are 
also produced by the direct interaction of 
jiitrogen with potassium carbonate and charcoal 
at white heat. 
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I^EN -who have planks supplied to them for 
workshop treatment recpiire a special ktiow- 
ledge of timber of a rather different nature from 
those who deal with trees and logs, and their 
reduction into planks. The information given in 
most books on the subject is generally of more 
value to the man in tin* sawmill than to him who 
uses timber. A man may know th(5 nature of 
timber and how it will behave when cut into 
planks, and yet make lamentable mistakes in 
using it in construction. On the otluT hand, ho 
may know nothing abt)ut timber and its treat- 
ment before it reaches liim in the form of 
seasoned planks, and yet be familiar with all its 
peculiarities as far as his trade, is concerned. 
This chapter Avill deal with timber only as far 
as its characteristics immediately concern the 
man who has to use it, and will avoid rep<‘t itioii 
of the information conveyed in the article 
beginning on page /SI. 

IVedgold has said that to judge the resistance 
of timber rcupiires experiimcc, and that this 
ability is more instinctive in soimi men thfin in 
others. Since TredgoUVs time timber as a 
material has diminished in importance (nving to 
the use of steel for large striKdural work ; and, 
moreover, we now rely loss on judgment than on 
calculation. But a good deal of judgment when 
dealing with timber is still neces.sary, because it 
varies so greatly in strength and character. 

Grain and Shrinkage. An elementary 
fact of the first importanetr in eoiistruetions of 
wood is the paramount inlluence of the direction 
of grain. Timber is of a fibrous nature, strong 
in one direction, and weak in the transverse 
direction [33 1, The fibres will separate from each 
other easily, but they will stand a great deal of 
tensile or slieaving stress, A [)iere of wood can 
easily ho split in the direct iv»n of its grain, hut 
cannot be s}>lit at all across the grain. It can be 
broken across the grain, leaving jagged ends, but 
if of e(iual section in botJi directions, it recpiires 
infinitely more power to break it across the grain 
than with the grain. One of the first eonsiilera- 
tions, therefore, in all woodwork is the direction 
in which the grain is to bo arranged. The im- 
portance of this is increased because strength is 
n(»t the only thing that has to bo considered in 
deciding the direction of the grain in construc- 
tions of w ood. It is essenf ial a Iso to take account 
of another peculiarity of timber. Tliis is that the 
fibres, which may be considered as a numlx^r of 
small tubes packed sich^ by side, readily shrink 
or sw^ell according to the" amount of moisture 
in them. This shrinking and swelling takes 
lace only transversely to the grain, leaving the 
iinensions longtliwise practically unaffected. In 
most cases it is shrinkage only that the wood- 


w'orker has to fi‘ar, for w^ood is s(‘]doin so dry 
that it will not shrink further, t'specially if it 
be cut and a fresh surface exposed to tlie atmo- 
sphere. The wider a piece of wood is the greater 
wall he the variation in its entire wudth due to 
shrinking or swelling. (Ireat width is th(‘refore 
undesii-ahle, both heeaiise it is weak, and because 
it cannot he k(‘pt to a permanent dimension. 
It is not (mly w'(*ak in the sense that it may easily 
be split, but unless it be stiftened by transverst' 
pieces, or by btang attached to something that is 
strong t'nough to hold it straight, it is certain to 
warp 1 34 and 35]. It will warp because it is 
practically im[) 0 ssihle to place it in conditions 
that will allow' it to shrink without warping. 

Moisture in Wood. An equal rate of 
(hying on ea(di side is not so easy to ensure as 
might Ix^ supposed ; but even with that condition 
granted, the chances arc that the w'ood is already 
une((ually moist, and if it. is .sawn or planed true 
wliile in this condition it will not bo tnn^ when 
equally dry throughout. 1’rees themselv(‘s have 
mor(5 moisture or sap n(‘ar the eireumference^ 
than at the heart, and the consequence is that 
planks an* unequally fillcHi with sap, which, 
gen<‘ially, is not entirely dried out before they 
are us(*d. Then, in hard woods especially, th(% 
grain is often curly and more dense in some parts 
than in othcjs, witli the result that drying 
proceeds unequally, and the plank twists ac- 
cordingly. A thin piece of wood is as sensitives 
to moisture and dryiu'ss as a piece of cardboard. 
If the latt(‘r lu* held to the fire, or if one side* he 
ehim]>ed, it imniesliately curls, owing to the 
contraction or expansion of enie side, wliilc the 
othe-r remains stationary. Timber doe's not 
respond <iuite so eiiiickly, and is afTect(‘d only 
across the* grain |35’;, where the fibre's otl'er no 
re\sistanee. Planks are oftem slightly curved 
lengtluvi.se, hut this is usually the n*sull of being 
supported at each end and allow'cd to .sag in 
the middle until a permanent s(*t is attained. 
Tiinlu'r can thus he forced to assume any shape? 
it may he* bent to. It can also, of course, he? 
force'ci to remain flat and true, and it is a part 
of the woodworker's business to know how to 
arrange the* parts of liis structure's so that not 
only strength hut permanency of feu'in and 
diinension.s .shall he.; secured. Pigs. 36, 37, and 38 
show' three dilfere'nt ways in which boards imiy 
ho cut from a trunk, 36 being the best. 

Why a Door is Built Up. The necessity 
of taking into account the*se peculiarities of w'ood 
make's the building up of w'oodwork more? com- 
plex than it otherwise would lx?. As a familiar 
('xample of this w^e may take an ordinary house 
door. It measures, say, 7 ft. high by 2 ft. (> in. 
wude by l.J in. thick. If timb(*r did not shrink or 
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warp, and were equally st rong in every direction, 
the door would simydy be made from one piece of 
stuff IJ in. thick, or perhaps of two or more 
pi(‘ces, edge to edg(‘, in order to obtain the width. 
But a door made in that way would not do at all. 
Its width Avould vary with the stale of the 
atmospliere, and it would be eerbiin to warp 
very badly. In addition to these two defects, it 
would l)(‘ likely to split lengthwise. Tt is lU'ces- 
sary to frame it together from comparatively 
narrow pieces arranged so that the grain runs in 
both directions, and so makes shrinking or 

s] )litting practically impossible. The widest 
placres are llu‘ panels, but shrinkage in the j)anels 
does not alTe<'t the exterior dimensions of the 
door. If tin* ])anels were tightly lu'ld at their 
edg(5S there avouUI Ik* a risk of their s])litting 
through shrinkage, but they are merely slipped 
into their grooves when the door is framed 
U)geth(*r, and unless there are alre/idy ineipent 
cracks in thein. tlu'y will adjust thems(‘lv(‘s in 
the grooves ratlu'r than split through shrinking. 

.'Vn example of shrinkage is shown in 39, in 
which a Avid(‘ piece of wood is screwed or nail(*d 
on a frame which cannot shrink with it. The 
plate of wood has shrunk in width, and, being 
held by tin* nails, could not contract fr(*(‘ly acros.s 
its width as it would if unattached. 'Phc* eonse- 
(pience is that it cracks, and is tli(‘n free to spread 

aj) art at int(*rmediate ))laces. In so wide a ])ieee 
no care in seasoning tlu^ w'ood e*ould entirely 
prevent, this etTect . ’The cracks could be ])revented 
i)y using a number of narrow pieces side by side, 
instead of one wide piece, but a framed and 
panelled plate would be the only way to prevent 
variation entirely. 

Rings Built in Segments. Figs. 40, 
41, and 42 show how these weak features in 
wmod necessitate building iij) in circular work. 
A ring cut from the solid, as shown in 40, wnuld 
be wors(* than the solid door previously instanced. 
It wouM be worse becau.se its interior is cut out, 
and th<* short grain i.s consecjiu nt ly very w(‘ak. 
Such a ring would be built in segim-nts, as .shown 
in 41, but at least two layers of segments would 
be e.mploy(*d, so that the end joints of each hyer 
could overlap each other. Otherwise it would be 
weak at the joints. Tt is true that such a ring 
might be more simply made by cutting out two 
entire rings from the solid, and j)\itting them 
together with their grain cro.s.sed ; but the 
objcv tion to it would be that they would shrink 
in opposite dirc.’tions, and overla})j)ing edg(*s 
would result. .\ circular plate built as in 42, 
even of a number of layews bn'aking joint with 
(*ach other, is not so strong a construction as two 
or mort* thin plat<*s, cut from the solid and put 
tog<dher witli grain crossed, but its advantage is 
that uniform end grain is presented round its 
circumfereiKa* and tlie ])lat(5 (ran nev(^r b(*come 
elliptical through shrinkage. 

Properties of Wood. In the behaviour 
of wood, when it is oi^crated on with tools, there 
i.s also a considerable field of knowledge which 
the woodworker has to acquire. It is necessary to 
know its weak ])arts, so as to avoid .splitting when 
boring boles or driving nails. Tn planing and 
finishing .surfaces, especially if the grain be not 
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straiglit, it is necessary to avoid tearing t.)io 
surface up in consequence of planing it against 
the. grain [431. If necessary to Icnow how and 
to what extent a piece of wood is likely to shrink 
or become distort (*d when a fresh "surface, is 
exposed in eutt ing it , and also how to treat fre.shly- 
eiit wood to prevent it from warping. Wa.st 3 
.should, of course, be avoidcnl a.s miieli as possible 
in marking out and cutting wood, and the good 
and inferior parts should be used in the places for 
whic*h th(*y are most suita\)le. A piece of timber 
Avith curly and crossed grain [44] is Tiot so strong 
as a straight grained piece j45], because it is 
more easily broken across its grain. A piece 
Avitlj a. great many knots 1 46j is not suitable for 
sawing into narruAv strips mil(‘ss the knot.s 
can Im^ avoided without much Avastc, because a 
knot in a narrow strip naturally diminislies 
greatly the str(‘nglh of the stri]). Similarly, in 
a wide piece a shake or crack is a sonree of weak- 
ness, and such a piece would be hett(“r sawn up 
so that the sound piece's on each side of the. 
.shake could he used .se])arately. End grain 
joints are avoided, if po.ssible, because a. con- 
tinuous pie'ce is better and stronger; but joints 
running with the grain are not objectionable, 
and if ])r(.)p('rly made* are* quite equal to, ami 
in .some e*a.ses evtm be‘tte*r, than a solid piece of 
the full width. 

Seasoning. What the carpenter re‘(.|uires teA 
know about timbe*!' is only a small see-tion of a 
vastly wide'i’ subj(*( t. but it is .sutHe'ie'nt for the 
})urposes of his trade. The hotanic'al characl(*r 
and growth of timbe*!* treses, and the methods of 
their conversion into the eommereial forms of 
boards, ])lanks, battens, etc., do not immediately 
eeme^eu’n him, though it is de*sirable* tliat he she)uld 
have some knowl(*elge of th(*se things. When 
timber com(*s into bis bands it has beem through 
the saAvmill, and has unde*rgone a process of 
seasoning. 

8e^asoning is simply allowing the cut timber te7 
dry for thre'e or fe)ur ye'ars before using it, or, 
alternatively, hastening the i‘eme)val of the sap 
and moisture by artificial means. If this w(*re 
not done it would shrink and warp after being 
Avorked up, and if evaporation were j)revented 
by paint or otb(‘r inean.s it Avould d(*eay. The 
natural .sap i.s more object ionable, and takes longer 
to dry out than Avater Avhieh lias p(‘net rated after 
the. Avood has lK*en seasoned. (.)ne of the methods 
of artiticial seasoning is to })laee the timber in 
running Avatt'i* to Avasb the .sap out, and thus 
leave? only water to be dried out of the pores. 
Another method is to dry (piiekly by artificial 
heat, pn*ferably moist, to prevent a too rapid 
drying of the e.xterioi*. Tjic air is generally kept 
in motion by fans. 

Slow natural soasonifig is generally considered 
better than any of the artificial methods, 
because the latter often have injurious effects 
on the quality of the Avood. The best method 
of natural seasoning is to stack the timber 
in sh(*ds to protect it from the weather, and 
to have free circulation of air. Air space must 
be allowed between individual pieces, and 
they should also b(? arranged so that they are kept 
forcibly flat and straight. This is generally done 
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by piling thorn on toj) of ono anpthor find keeping 
them sliglitly separated 1i)y iilserting thin strips 
between [47], Balks are generally stacked in 
sfjuares, with each layer transversely to the next 
and with considerable sjmees between the 
mt inbers of each layer. Deals are ofttai stacked 
in fi pile all longitudinally with each other, but so 
t hat they break joint , with sj)aces bet wt‘en. 'I'his 
latter method is often iidopted also for narrow 
boards, but one of the reasons for this oxerlap- 
ping is to make a steiidier pile than would be 
po.ssible if the spaces between were eoi\tinuous 
from top to bottom. (Generally, th<^ air is not 
allowed free access to end gniin, becaiisi* the 
evaporation of moisture there* is so nmeh more 
rapid, and this f)ften results in splitting at the 
ends, owing to the* wood eonlraeling more ra]mlly 
there than fartlu'r f>long |48j. 'to pre^vent this 
the end grain nifiy l)e paintt‘d or greased to closer 
the pore's, or strips of w(K)d eir heieip iron may 
ber naile'el e)ve‘r it. The* length e)f time oeeupie'd 
in natural se'aseming depends on the size of the 
we)od and on atmosphe‘rie conditions. ( Jenerally, 
timber is not considered lit for carpenter's use 
till at le'ast twe) years after being felled and for 
indoor work ee)nsid(‘rably moie than that. The* 
thoreiugh se'asoning reepiired for the* more exact 
xve)rk of joine*ry and eabim*t -making, ho\\e*ver, 
is g(Mie*rally assisted by resawing, or further 
reducing the si/e of the wood. 

Timber as a Material. Tirnhe*!' was 
undoubtedly one of tbo ve*!y earliest mate'rials 
employed by man, being easily worked find always 
ready to hand (‘very where. As, too, the* reejuire- 
ments of mankind have increased, and ins tools be- 
come more numere)us and si)e‘eialised, he has been 
able to use timber more and more extensively, 
and to utilise it in consii'uetiems that would have 
been iinpi'aetieabK* whe*n facilities for its working 
w<*re less developed. Within the* last half century 
esfieeially the introdiietion of inaehiiies for p(*r- 
forming all (he common optuatieuis has im- 
mensely r(Hlue*(*d the time find labour inve)lv(‘d 
whfin such tilings are done sleiwly and laboriously 
by Inind. The carpenter still retains his trade, 
\>ut instead e)f (H>nside‘ring himself ecmi])etenl tei 
und(‘riake anything and evi'iythmg eonstruetc'd 
in we)od, he is now only erne* among many ehisses 
of woodworkers, and nearly all the* uork re- 
cpiiring ]>hysicfd .strvngth ratlu*!' tluin brains is 
done for him by inaehine.*s — sawing, ])]aniiig, 
mortising, le‘noning, and the r(*st. 

This, howe*ver, has neit really lesse*ne.‘d the 
great importance of his cijift or the amount of 
training reipiir(*d for its proper fieepiisition, nor, 
probably, th(^ number of eai peiiters employt'd ; 
for if the weirk done by inae hiiu*ry now eonld be 
executed only by hand, most of it would not be 
done at all, beeaiHe the (*xpense would r(*nd(*r it 
a luxury for the few. The j)oor would not have 
wood flooiN to their house's, nor elaborate and 
highly -tinishf'd wood littings eveiy whore. 

Timber di tiers from most other nifiterials in 
the great variation whicih exists l)etw(*en ditTereiit 
kinds, and in tin* differences in strength between 
good and indillerent specimens. It is not pos- 
sible to (miculate the resisting power of timber so 
accurately as is done with most other structural 
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materials. In designing timber structures the 
sections of the individual parts hav(^ usually been 
decided more by judgment than calculation. In 
steel and iron, strimgths can be calcukited from 
test pieces, and these materials will not deteriorate 
with age alone, nor are thi^y subject to diseases, 
as timLx'r is. lienee, too, the reason why a 
much liighcr factor of safety nrust be adopted 
in using timber than in metal. 

Hard and Soft Woods. Wood is termed 
hard or Aoft ac^eording to the kind of tree from 
wliich it comes, but in both classes there are 
great diff(*renc(\s in degree of hfirdm^ss. Of these 
two the hard wood forms the hugest section, 
hut cfirpenters use more soft wood. In ord(*r to 
divide dehnit(‘ly the varieties of trees into the 
two classes of hard and soft, IhoFO with broad 
leayt*s are classed as liard. and those xvith long, 
narrow leaves as soft. This places some rather 
hard woods, such as yew, in the soft wood list ; 
but outside of the various kinds of ])ino there are 
only a few soft woods, and th(*y so little u.sed 
that they are scarce* I y worth considering. I’he 
shape of the l(.‘av(*s seems a detail, hut they are 
ty])ical of the character of the tree. A broad- 
l(‘av(‘d tr(H} is slow in growth, and does not 
attain so great a height eom])ared with its 
ein*umf(‘rt‘ne(^ as a narrow -l<‘aved Irt'c does, 
'riu* inereas(*d time ocen]h(*d in its formation 
g(‘nerally re'sults in a closer-grainc'd and harder 
wood being formed. Most of our native tr(*(*s are 
hard wood, the oak standing at the head of the 
list. 

Sources of Soft Woods. The important 
soft woods are all varieties of th(‘ J)in(^s or (ioni- 
f(*roiis trees, and are imported from North 
Kiirope and CVinada. Most of our liard wood is 
im])orted also, beeansii wo have no timhe^r 
forests in Britain, and eould not possibly grow 
the commonly-used timbeis fast enough to 
ke(‘p pace witli our rati* of consumption. 

Formerly, xvlien we had a large honu* .snj)ply 
of oak, that was the wood most commonly usiid, 
and it oceii])ied a more important ])osition than 
the pine that has taken its place. Now oak 
oeeupii'S a sc^condary position, especially as most 
of this w(.)od is now import(‘d, and is not con- 
sidered eijual to British oak. Against this differ- 
(*nee in the kind of wood now most po 2 )ular, 
liowev^er, w(; must place the fact tliat for much 
of the work for Avhieli oak was formerly used, 
siK^h as shipbuilding and the framework of 
houses, st(*el and masonry have been substi- 
tuted. 

Recommendations of Soft Wood. 

The reason why tin? soft wo(xls are popular is 
because they are eh(*ap, light, straight -grained, 
and easily worked ; wliile for many purposes 
tlu^y are equal to the hard woods. The latter, 
liow(5ver, differ so much in their physical 
eharacteristies, that each is best adapted for 
special purposes, and conse(juently they si^rve 
these purposes better than soft woods, though 
no single hard wood has so wide a range of 
usefulness as soft. In very many cases also 
hard wood is used solely for the sake of aj^pear- 
aiiee. This is the case to a very large extent in, 
cabinet-making. In ordinary carpentry hard 
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wood is used only because of its sui>erior dura- 
bility and strength, or of some characteristic tliat 
specially adapts it for the purpose in view, as, 
for instance, the use of ash where a flexible wood 
is required. But the fact remains that the hard 
woods used by the. ear})enter are very limited' in 
number. The chief, and by far the most impor- 
tant, is oak. The bulk of his work is done in 
soft nxaterials, of which then^ are several varieties 
included under the giaierie. names of pine and 
tirwood. 

The plate fa^'ing page 5G illustrates the grains 
of a larg(* variety of hard and soft woods. 

Commercial Forms of Timber. Tim- 
ber in its commercial forms is usually of dtdinito 
thickiK'ssi's and widths, and various names are 
a])])lied to it according to tht‘se dimensions. If 
we consider them in the or<lei* of their ttizc wo 
have first the halk. or ivhnh' timber, or log. The 
term log really means the uns(piared trunk of a 
tree, but is sonnet imes used in the same sense as 
b.ilk. which means a squared trunk. 'Phe term is 
ap))lieable to any large piece of timber, whether 
it rt‘presents the entire trunk of a tree or not. 
Unlike most of the other forms of timbtu*, the 
rlimerisions are not of a fixed eharaeter. In 
length a balk may average 30 ft., but oceasion- 
ally may be more tlian tw ice as long. Timbers of 
smaller section, suc^li as hoards, etc., rang<‘ in 
length from about 8 ft. to 20 ft., 12 ft. being a 
common dimension. They are cut thus because 
great lengths arc seldom required, except in 
(mgine('r’s work, and are not so convenient for 
handling. Balks were fornualy squared with 
an adze, and to a considerable extent are still, 
but there cannot be jnueh doubt that ultimately 
the saw only Avill be used, and the adze 
heeoiiie obsolete for the purpose*. 

Next in size is a piece of timber called a /lifeh. 
'Phis is oiu^-half of a squared log, or balk, that 
has been sawn down the middle lengthways. 
In section its width is coiiscepiontly about twice 
its fliiekness. Next in size comes a plank. This 
term is often loosely used to describe timber 
that strictly comes under the name of hounl. 
The (lifTerence betwavn the two is that a plank 
must be over 2 in. thick and over 10 in. wide, 
while a board must be less than 2 in. thick, and 
may be any width over G in. Deals and battens 
come in regard to size between planks and 
boards. "Pl»ey are tliiek, but comparatively 
narrow. A deal measures from 2 in. to 4 in. 
thick by 0 in. wide. A batt<*n is of about lln^ 
same pro])ortion, but rather sjnaller in widtli 
ami thickness. Quartering is ])roduccd by 
sawing (l(‘als into two, three, or four strips. 
Seantling is a gejieral term applied to sawn wood 
of any size. Ends are short pieces of plank, deal, 
or batten. In addition to these terms for sawn 
timber, th(’re are poles and masts, distinguished 
from each other by their diameters, the former 
lx*ing h'ss than 8 in. in dianurter, and the latter 
more. These two terms aie sometimes tjualificd 
to indicate further particulars. 

Market Quantities. There are also names 
for quantities of timber. It is sold by the 
standard, w hich is 120 deals ; by the Unid, 
which is oO cub. ft. ; by the superficial joU, 
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the thickness Ix’ing reckoned at I in. ; by the 
foot run, when width and thickness are specified ; 
or in some valuable hard woods by weight. Matedi- 
boarding and flooring is sold by flic square of 
100 superficial ft., or 10 ft. each way. 

The f()rt*going are a few clementaiy facts, but 
behind t hem there is a gi’cat deal of complication 
and confusion through differences in sizes and 
methods of mwisurcment. 'PIk'sc things, however, 
concern the importer and dealer more than 
the cai’])enter. The standard of deals (nominally 
know'll as a 100, hut really 120) varies in number 
aeeonling to the size of the deals. In the I.<f)ndon 
staiifkird the deal measures 12 ft. by 0 in. by 

3 in. In the St. Petersburg standard, which is 
rather more commonly us<‘d than the London 
one, the deal is 12 ft. by 11 in. by 3 in., and 
there are only GO to the 1(X). 'Phere are also a 
number of other standards, and the consequence 
is that in buying and selling timber the kind of 
standard has to he specified, and freipietit trans- 
lations made from one into another. No matter 
what the size of the deals, however, the cubic 
contents of each standard is always the same, 
with unimportant (‘xeeptions. The number of 
cubic feel in a St. Petersburg standard is 1G5, 
and in the London standard 270. In tin* mea- 
surement of balks there art* two ditferent 
methods — tlu* string and tlie caliper — which do 
not give similar i\*sults. The nominal dirn(*nsions 
of sawn timber may also dilTer from tlu* actual 
dim(*nsions. imported boards are usually a 
ti'ille ovt‘r tlu* speeitied thickness and home-sawn 
boards are usually \inder it. 'Phis is heeanso in the 
latter ease so many boards are sawn from a dt^al, 
and no allowaneo is made for the amount lost 
in sawdust. In thin boards this difficulty is 
sometim s got, over by designating them as 

4 cut, 12 cut, (‘te., aeoording to tlu* number i>f 
saw'-euts made in cutting a 3 in. deal into boards 
of that thickness. 

4’lu*r(‘ is now much greater variety in the 
market si'zes of sawn liinlM*r than was* formerly 
the eas(‘, and tlie ear])enter can ])uy jH'aetieally 
what he wants without l\aving to reduce it 
himself from larger material, or use material of 
one particular dimension, when a slightly ditfer- 
ent size wtnild suit his purpose lu'tter. 

Qualities of Timber. Quality is speci- 
tied by dividing timb(*r into the classes of firsts, 
st‘e(m<ls, thirds, fourths, fifths, and sixths, the 
last l)eing tlu* poorest. Firsts are sometimes 
qualified also by adjectives, such as prime, 
selected, sound, dry, etc. 

This is done in ord{*r to arrange a scale of prices 
according to ((iiality, and also because in si)eei- 
tiea lions it is often desirable t/O fix a standard 
of tpuiiity below which the contractor must not 
go. Otherwise, it would be superfluous to class 
timber, when every man who is familiar with it 
is capable of judging the quality of any piece 
individually. 

The carpenter may generally assume that 
timber is not defective through a tree being 
felled before it was near maturity, or so lato in 
life that the heart was decaying ; and he can 
also assume that its after treatment, conversions, 
and seasoning has boon carried out as carefully 
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and correctly as was practioablo, though <ho 
latter may often not he siilluucntly complete to 
fit the wood for inhuior work. Jt is not often 
either that con.vi'rted timber has any sapwood 
(the inferior outer portion of the trunk) atta(‘hcd 
to it. Hie defects to be looked for are (^f a 
natural character that could not be avoided. 
Where strength is required, straight grain [45], 
instead of crooked [44|, and freedom from knots 
and shak(\s [46] or cracks, must be regarded as 
ess(‘ntiat in a ]>iece of wood of first-rate quality. 
Siraight grain in soft wood is the rule rath(*r 
than the exception. Knots are very objection- 
able, but often have to be tolerated, in .^rucc 
wood es])ocinlly, hecjiuse it is ditTieult to get 
boards without knots. Cracks generally occur 
as the wood dries in seasoning, and oftt^n cannot 
he prevented. They are ohjectionahlc, but 
vdiether th(*y arc* a serious defect or not depends 
on the way in which the wood is to he used. A 
board with a crack in it is not sound, as a hoard ; 
hut tb(^ wood on both sides of the crack may be 
satisfactory, and it may he glued, or, with a 
little wasU*, cut, and the ])ieces on each side* 
ust*d separately. 

Defects in Balks. In large balks there are 
sometimes defects that seriously inqjair the 
strength if the balk is to be us(‘d (‘iitire, or that 
cause waste in cutting up. Often llie extent of 
the defects ('annot he seen in the balk. There 
are several forms of shak<‘ or crack that occur 
in the trunk before the tree is felled. These 
may he either radial from the centre, or eireum- 
fertMitial, between the annual rings. The 
former are known as heart and fitarshakes^ the 
latter as c\ip or riiuj shakes. The ])recise eaus(‘ 
or caus(‘S of lhes(‘ shakes are not. CiTtain, hut 
they occur only in large tre<'s, and arc supposed 
to he duo to interior stresses between tlie 
matured heartwood and the growing sap- 
wood. There is usually nothing to indicate 
their presence until the tree has been felled, and 
they can be seen in the end grain, 'J^K'se, how- 
ever, are not so common as sliak(‘s which develop 
from tlu* (‘Xterior |491 after the tree is felled. 
In the trunk these may radiate ti-om the out- 
side towards the eentre, nr, as is very eoinmon in 
deals and hoards, they lUfiy start at the ends. 
'I’hey are diie to shrinkage caused by Uie t<)o 
ra])id drying of the outer wood. Pit'eautions an* 
taken to prev(‘nt th(*m, hut often they cannot 
be cntirt'ly ohviatt‘d. 

Cross Grain, Knots, and Shakes. 

Cross grain, knots, and sludges are the three 
chief defects to look for in judging sawn woml. 
But a board may not have these defects, and y<‘t 
he in an unsound state; in cons('(jucnce of disease 
or of variations in t|uality. Or it may he so 
w^et that, except for rough out-of-door work, it 
is unfit for imm(‘diati‘ use. 'rimher becomes 
diseased locally through injury occurring to the 
hark of the growing tree, and from incipient 
decay due to numerous causes. It becomes 
uneven in texture and in degree of strength 
from variable density of the fibres and froiii 
unequal nourishment, or other variable condi- 
ttons, as, for instance, per fsterit sunshine or 
wind chiefly on one side of the trunk. These 


variations, of couise, are less marked in individual 
trunks than in separate trees which are growm 
on dilTercnt soils, and either isolal<‘(l or in close 
proximity to other trees. 'Phis la.sl factor has 
a <*onsidcrahle elTect on the characl(‘r of the 
tree by forcing its upward growth, and more or 
le.ss protecting it from tlu' weather. Timber 
also, after it is felU'd, may he deteriorated by 
w’oocl-horing insects. 

There are also a nnmher of diseases to which 
tiinlxT is suhjiM't. 'Pliey are all indieatec^l by 
discoloration or destruction of th(' lihres. The 
eoinmonest of these is dry rot. 'Phis generallv' 
occurs in old timber that has heiai a. long time in 
damp, warm, ill-vcntilated situations. It is the 
result of a fungoid devekqnnent that cats away 
the substance of the wood, leaving it in a dry., 
powdery condition, with a musty odour. 

Preservation of Timber. In linislud 
work it is a very common practice to proh'ct 
w'«)od from thi; atmosphere and the deteriorating 
eflects of alternating dampn(‘ss and dryness by 
coating tlu* surface with paint, tar, varnish, or 
other prcs^‘rYati^es. Other methods an^ tan- 
ployed to ()reservt‘ the entirt' suhslanet' instead 
of aflording only a protecting coat on the surfat'c. 
The ehu‘f among tht'se is mosotintj,, whitdi is the 
fondhle injtTlion of oil of tar or creosote into tlu* 
port‘s of tin* wood. This j’enders it poisonous 
to all forms of parasitic life, and ciTeetiially 
preserv(‘s tlu' wor)d. But the objections to it an* 
that it blackens and makes tlu* Avood highly 
inflammable, and for many purposes the snu*!! 
of the tar is ohjeetiouable. It is us(‘(l chiefly 
for out -of door purpose's where the' wood e'omes 
into contact witli the ground. Railway sleepers 
and paving blocks for streets are g(*nerally 
eTco.soted. Hiere ar(‘ sc'veral other les.s ])fq)ular 
procc.sscs, but the prinei})le in most is to pre- 
se'i ve the wood by making it poisonous to para- 
sitic life. Only a ve ry small prerperi’tion e)f the 
wood used l)y carpe'nte'is is suhje'cte'd to any 
pre'se'i ving proi'css, and it is only wlu'ii wooel is 
reepiired to endure veuy trying conditions that 
the'iv is any necessity for it, e)r einy 5\})|>reeiahlt' 
advantage in it. 

Shipping Marks. 'Plu'se.' are marks 
e'hedke'el, ]>ainted, slampe'd, hianele'el, or serihisl 
em the emds of balks, deals, and most inqeerrte'd 
tinihcr of any form. They inelie ate epiality, tin* 
place of origin, the shijrpi'r s initials or ])rivate 
mark, and sometimes the)se‘ e)f tlu* ])erse)n te> 
whom they are consignt'ti. lasts e)f them an* 
eerntained in me>st puhlie-atioiis elealing w ith the* 
timlx'f and building trades. Siu}>pers freepK'ntly 
change their marks, and new fiTiiis are* eontin\i- 
ally coming into existe'uci*, se) that, no list can 
he taken as ])ermanently eorreel and (!f>mplet<*. 
'Phey eone.*eni the timheT me.‘re}iarit%niore than 
the e*arpejitcr. 

Storage of Timber. Tienber stened in 
or near tlie shop for immediate* use ne'cd ne)t he* 
stacked so me‘tho<lie*ally as feu* se'asoning, hut it 
should ne)t' he allowed to lie in positions tlrat 
tend to strain or bend it : nor is it wise te) 
let boards remain for a long time Avith e)m; side 
exposed to the atmosphere and the; other not. 
It is generally inadvisable to pile boards on 
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top of one another, becaiiBe of the difficulty of 
selection and withdrawal, when only the top 
ones are fully visible. It is better either to 
stand them on end against a wall fSO], preferably 
with their upper (*nds in a rack, which keeps them 
edge outwards, or tf) stack them side by side on 
their edges [61], in a horizontal position in a 
ra(?k. if kept lying in piles on their flat faces 
it is ne<’essary to allow an air s[)ace b(‘tween each 
by inwM'ting strips 147], henc(' t<‘rmcd .siripjytinj. 

If any j)iece be badly curved or twisted it 
should he subjected to treatment that bends it 
th(? opposib* w^ay ; and if left like this for a few 
days or we<*ks it will probably remain straight, 
or nearly so, aft<‘rwards. Hoards that are thus 
disbub'd should also, when possible, he selected 
for cutting into small ])icces, Ixeause the dis- 
tortion then may he reduet'd to nothing. Boards 
with knots, shakes, or other dc'fects should he 
selected with a vi(nv to sawing them up and 
working th(‘m for parts wliero inh'i’ior stutT may 
1)0 used, anel the he^st pi('ee*s k(‘pt for parts where 
good quality is imperative. 

Metal Accessories. Timber could not 
he useil so generally or so eflVctively were it not 
Secured and reinforced by suitn-hU* metal connec- 
tions. 'riiese are el)i<*tly of wrought iron, aiul 
their eharaeter flepemls on the class of earpemti v 
for which they an^ useel. In the heaviest weak 
holts and tie rods are veay coiiunonly em|)ioyed 
for purposes whe re nails and pinned or dowe'lk'd 
joints would he siiflieient if the work was of 
lighter character. Straps and stirru])s are gimer- 
ally alternatives to holts, and an* ofte^n eunployed 
to avoid weakening the timber by boring boles 
for bolts. 

Where whole timbers and balks e'nt<‘r into 
construction, castings and Hat plates of wrought 
iron calk'd pfih plates are often cm ploy (‘d 
in eonjunclion with holts for liolding joints 
together. Kor lighter work coach screws are 
common, and foi‘ the lightest, nails, screw. s, 
and glue. 

Nails. Nails are the most common and 
simple.st means of uniting piece's of wood. 
They are driven with a hammer fhnuigh the 
first ])ieee and their ends extend some distance 
mb’) the couiiecled ])ieee ; they hold l)y frictioii 
or the compressive force of the surroundiiig 
wood. Sometimes when the nint<'rial is not thick 
and a strong hold is required nails of greater 
length than the total thickness are n.s('il. and 
their projecting ends are cliarheiL or bent t>ver 
and hammered Hush with the .surface. But 
generally they slioidd not lx* long enough for 
th('ir points to come through the far side of the 
mab'rial. 

Nails are sold in great varic'ty, not only of size 
but of kind. There are consecpiently a number of 
names applied to them to qualify the term nail. 
When over abouty^ in. in length they arc called 
spikes. At the other extreme, in the small size's, 
they are of tenor known as jnvs^ brads, or sprigs. 
The larger nails are sold l»y w'c-’ght. Some small 
wire nails arc sold in ])acUets by count. The. 
wdre nail [62] is the most commonly employed 
and favourite form, especially when medium and 
small sizes are required. At one time the cut 
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nail [63] wa.s the mo.st popular. It is either of 
steel or wTought iron, rectangular in section, ’vvith 
a slight amount of tajier, and increased in size 
at the head. 

Wire nails are made round, oval, and square 
in section ; the last-named form is not much 
used, nor the oval. so much as the round. They 
are parallel, wdth ])ointed end.s and small heads, 
and are made in sizes ranging from about J in. 
to () in. long. They vaiy in stoutne.ss according 
to the work for wliich they are requirc'd. 

Screws. In any other w'oodw^ork but car- 
pentry screws ( 54] would coiiu' before nails in 
order of im]x>rt anee. {Screws are superior to nails 
for all purpose's, but they are me)re ex])ensivo 
and their insertion t akes longer. Th(‘y not only 
hold better when in ])lace. hut they can ('asily 
Ik' withdrawn wathf)ut injury to tlie work, and 
it i.s also oft<'fi an advantage to he ahk' t.o insert 
tlu'in without jarring the work as the driving of 
nails does. Screws are not made in cjuite so great 
a variety of form and eharaeter as miils, though 
their leugtiis are aVx)tit the same. The tendency 
in recent yt'ars has been to reduce screws from 
many ty}H‘s to a few'. 'Ihe ordinaiy ty[)e of 
screw' is point e<l at the r'nfl, threaded for nearly 
tw'o-thirds of its k^ngth, with a head tapering 
to a]x)Ut twice the diami'ter of file shank, and 
Hat on th(‘ top, M’he chic'f variation from this 
is in having the lu'ad convex {SSj instead of 
Hat on th(' top. and a s(juare shoulder instead of 
a bevelled one on the undi'i* .side. This variation 
is onlj' made' to adapt the serew^ for ])urpose.s 
where there is an objection to sinking the head 
Hush with tlie siufaec' of the W’ork. Screw's are 
known by tljcir kaigths and sizes. I’hey range 
from ] in. to (> in. in l(‘ngth, and up b> .*1 in. each 
occurs in about ten dilVerent diameters, the 
(‘Xtremes of wiiieli for a ‘5 in. screw are show'U 
in 54, Thesi' dianu'tc'rs are kru)wn by numl)er.s 
which ar(' j)rinted on the packets in which the 
screws art' .‘«5old. 

In or<ler to distinguish the above from screws 
use<l for metal work they are called 2 vo(td. srrnrsy 
and in Scotland srrr}v nails. Their threads 
dilVer from those for im'tal in being further 
apart, (let'per, and thiiuu'r. Tins is necessary, 
herause wood is a weak substance compared 
with metal, and no matter bow thin and wide 
apart the threads on the sc*r('W' are, they are 
still a great deal stronger than the interv'oning 
wood when the screw' is in place. 

Coach Screws, (k)ach screws [56] differ 
from ordinaiy screw's in having square lioachj, 
like holts, instead of Hat slotted heads. They 
are turru'd with a spanner instoa<l of a screw'- 
<lriver, and are also a larger and stouter type. 

Bolts. Bolts [57 to 61] are used in eases 
where serews threaded into the w'ood are not 
considered sufficiently strong to hold the parts 
together. Bolts go entirely through and hold the 
parts by the pressure which the head and nut ex 
ereise when the latter is sorew^od up. Large 
washers [62 to 65] arc always used with bolts for 
wood, and the heads and nuts are usually .square 
instead of hexagonal. In most cases also a* 
short portion of the shank next to the head 
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is square [67 and 69] to prevent (he bolt from 
turning with the nut. When long bolts are 
specially made for a job they are often pieces 
of iron rod cut to length and threaded for nuts 
fit both ends. 

Fig. 60 is a fayuj bolt, the “ fangs ” or teeth 
of the nut gripping in the wood while the head 
is being turned. They therefore fulfil a similar 
function to the square necks in 67 and 59. Fig. 61 
is a straf) bolt, which is employed for attachment 
to the flat sides of timbers, w hen other modes of 
fa.stoning would not be available, or so secure. 

Besides holding parts together, long bolts 
sometimes serve the additional purpose of 
strengthening the timlKa* w'illi which they run 
parallel. In frame work they arc often put 
th lough, or close to the under side of rails and 
cross pieces, and they thus support and stiifen 
the horizontal timher, and also hold tlu* vertical 
parts of the frame togelluM’. Dottr hnUs, Unver 
holtfi, or socket holts are a dilTerent artu^le, used 
for locking floors, and have nothing in common 
with screw holts. 

Figs. 62 and 63 are parallel tvashers^ 62 being 
in wrought iron, or steel, 63 east, from a pattern. 
Fig. 64 is usually east, and is bevelled to suit 
bolts that do not stand sipiarely with the fac<‘s 
of their timbers. Fig. 65 is a cast iron washer 
for two holts, being preferable to .single small 
washers. 

Tie Rods. Tie rods fulfil a duty akin to 
that of bolts, both being in tension. They jire 
not necessarily providcfl with heads like holts, 
and in some few instances they may he tightened 
by a cottar instead of a nut. Tiny are dis- 
tinguished from bolts chii'lly by their greater 
length and the fact that they are supposed to 
tie distant parts together rather than to go 
through solid material. They arc usi'd to a 
great extent in roof work. 

Straps. Straps are pif'ces of thin rod iron 
of rectangular section, sometimes tbreadijd at 
the ends for nuts, and bent to lit the pieces 
of timber that are to be held by them. 'Fhey 
thus bind parts together ratliiT more secundy 
than holts, and render it unnecessary to w'eak<*n 
the timber by boring holes. When used 
to support beams they are called stirruiis. 
In a simpler form they are merely Hat strips of 
iron, often with branches, that lie flat on the 
surface of timbers [661 and hold them together 
with tlu‘ir faces Hush. Figs. 67 and 68 arti 
St i IT ups. 

Fishplates. Fishplates are flat plates of 
metal 1 69] whieh an* bolted to the sides of 
largo timbers in order to hold a joint together 
and keep the faces flush and in line. They are 
generally used in pairs, one on each side of the 
timhi'r, and bolts pass through as in the case 
of shoos. The plates are gciu'rally the full 
width of the timher, and in kaigth about six 
times ilio depth of the timber between them. 


Cast-iron Shoes. C’ast-iron shoes [70-73] 
have to bo made from wood patterns specially 
made to suit the work in hand. They usually 
enclose and hold together the ends of two or 
more large pieces of timber that nua't at an 
angle, and that could not he substantially held 
by holts or straps alone. The eastings have 
to be made to the correct angle and si/.c to lit 
the limbers, and they are held l)y holts wfliieh 
go through both easting aiul wood. These 
ea.stings are typical of other forms w'hieli enter 
largely into the heavy ear])entrv of roofs, 'riio 
pattern work is not. diflieult wlu'n the principles 
of th(‘ eraft have been mastered, and a handy 
man might often be taiti usted with such w'ork 
preferably to putting it out. 

Another class of w^ork oftiai used by carpenters 
dealing with shop and warehouse building is 
illustrated by the stanehions f74] and columns 
(76 and 76]. Tlu* pattern w'ork for tlu'stj might 
ho done by an inicflligent man. Tlie important 
point in the design of such woik is tin* tirm 
fixing of the topand bottom with broad, hraekeled 
flanges, '^riiese prevent risk of the stresses 
coming in any direidion t*xeept right through 
the axis or cent re, which would have the elTect 
of bending insU^ad of crushing the stanchion 
or column. It is also well to east joggit's on 
one flange [75], or both flanges, to be let into the 
masonry foundations. Information respecting 
pattern work and founding will be found in the 
course of Mt‘elui.nieal Engineering. 

Miscellaneous Requirements. be- 
sides the articles already mentioni.'d, there are 
a number that ari? more in tlie nature of fitt ings 
or appurtenances, and are usiul more in joinery 
and eahinet-making than in earptudry ; and if 
we go far enough we come to a largi*. class of 
more or less ornamental metal work used only 
by cabinet- makers. Among lliosc' used by 
carpiaiters, the most important are hinges, locks, 
and handles. Hinges ao' of tw'o ty|)es: huff, 
and strap, thi^ nanu' generally applied to the 
latt(‘r l)(“ing eross-ffatiiet, or lee hinges. IHie 
butt hinges are intended to l)e sunk into the 
surface of the wood, and eonse«(uently they have 
plain, s<juarc] edges whieh extend only a short 
distance from the ])ivot or pin. They arc more 
eommouly used than the eross-ganiet tyy)c. 
The latter are us(‘d ehudly for gates and haiged 
doors. The. plates or flaps of tlio hinge extend 
a eonsiderahh' distaiici^ in onUr to stilTen the 
woo^l and obtain a stronger hold on it. Locks 
are inadi' in great variidy. '^I’hey dilTer in elia- 
raeter aecorcling to whether tlu‘y are intended 
for doors, cupboards, or drawiTs. Door looks 
generally have* to be i?ither right or h'ft-hand, 
to suit the door, the only exe.ejition Iwang in a 
few^ kinds of lock that will suit either hand. 
Unless mortised into the door, a lock is screwed 
to the inside. irandl(\s are used for a great 
varvL'ty of purpose's, a.n<l vary greatly in form. 
They usually have to be screwed to the wood. 


Continued 
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THE COLONIAL SERVICES 

Conditions of Entry and Service in Clerical and Administra- 
tive, Railway, and Police Appointments in British Colonies 


By ERNEST A. CARR 


A ‘S a grnoral rule, the young Briton in <iuest of 
a in Boiue ]K)rtion of our Empire over- 

seas would Im? well advised to turn his at^“Otion 
to private enterprisis whether farming, mining, 
eommeree, or the professions, rather than to 
se<‘k the 8<'rvic(‘S of the (Colonial (Governments. 
A moment's refleet ion will siifliei^ to show the 
riNison of this. Most of the governing bodies, 
it has already lK*en fiointed out, enn obtain from 
loeal sources an ample siipjily of suitjible 
material, aiul hav<‘, therefore, no need to turn 
to the Mother (Vmntry for n'cruits. This is 
especially true in respi'ct f)f th<‘ larger and oldtT 
braneh<‘S of the Empiric — Canada, Colony, 

Australia, and New Zealand, for example — in 
which a new gimeration has sprung iiji on the 
soil to contest with immigrant residents such 
vaoaneies as aris(‘ from time to time in the 
ottieial ranks. 

An Authoritative Warning. Tlust* 
facts have k‘d the Emigrants’ Information 
Offiet*, a (lovernnuml bur(‘au eontrolK'd by the 
Colonial Ih'partment. to issue a warning on the 
subject. In th(^ pretm o to its Handbook on 
Professional Em])loyment in the Colonies a 
very valuable work which may be obtained, 
post fre<‘ for threepenei*, from ,‘H, Broadway, 
VVe.stminster, S.VV. - it is (tfheially stated that : 
“ Candidates from this country stand very little 
clianee against ])ersons on the spot of obtaining 
appointments in the (’ivil Serviei'. Even t(‘l(‘- 
graphists, railway oflieials and employees ai*e 
now generally trained in tin* Colonies. Tiiere is, 
thendore, very little inducement hn' a ptuson to 
emigrate on the ehanee of obtaining an appoint- 
m(‘nt under a (\)lonial (h)v«*rnment.'’ 

Ajiart from India and our Eastern posse.ssions, 
whieli have been specially considered, tlie 
XH’ineipal exceptions to the above gt'iu'ial rule 
arise where certain Colonies, owing to tlu' lack 
of training centres, the smalliu'ss of their 
white pojmlation, or other loeal causes, are 
unable to furni.sh eiujiigh (lualilied candidates for 
their own riMpiirements. We shall therehu* 
pass in review tlu? various openings thus ntlorded 
to aspirants from (Great Britain, and for our 
readers’ eoiiviuiieineo these will he ili.seussed 
ealling by calling, instead of grouping them 
accortling to locality. 

Clerical and Administrative Posts. 

In tJiis branch of the public service there is 
practically no Colonial demand for British 
candidates, and in general no opportunity i.s 
afforded them of obtaining an ap[)oiiitmeiit 
before quitting the home country, vvhile in 
several instances they are specially excluded in 
favour of local appIiiNints. There i.s, liowever, 
an important exception on behalf of students 
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from the British Cniversitics who liave failed to 
pass the eonti st for the Indian (^ivil or Police 
Services, or for Eastern ('adetships. These 
candiflatos may often secure good appointments 
on the West African (\)ast, or elsewhere, by 
ajiplying to the (.^olonial (Jfliee, Downing Street, 
S.W. I’he posts thu.s available include cadet- 
ships for th<‘ grade of assistant district com- 
missioner for the Cold Co.ast, with an initial 
salary of t’ioO, and exeellcuit piospects up to 
CJ.OdO or more. Such st udents are also seleeted 
sometimes by the Etmu'gn Office for admini- 
strative posts in Egypt and British East and 
( cntral Africa, and by the British South Africa 
(Amipany for tluur Bhodesiaii territory. 

Oil th(‘ o!h('r hand, the ck‘rical service of 
Canada is piactieally ri'stricted to persons 
brought up in the Dominion, or ahhi to enlist 
local inllueiUT* ou tlieir behalt. 'J 'he (Government 
n'gulations in (^uetuislaiid reijuire candidates for 
ordinary a|)p()intments to have n^sidial for tw(*l v(' 
months in th<‘ State ; and the N(‘W Zealand 
authoritii's t‘Xpr(‘ssly s(‘(*k to dissuadii applieants 
from going out to tliat i‘ountry with the idea of 
entering its eleri(*al servieiL Other Colonies are 
no less discouraging. 'The Ag(mt-( General of 
X'ietoria has courteously acquainted us that 
“ very h'W' vai .-incii^s hav(‘ Ix'eii occurring in the 
Victorian jiublii* service for some yiairs past, 
and when they do, it is found that the local 
.supply is more than equal to the demand, 
''riieif are largi* numbers of afiplicants whose 
names liave been rca-oi-ded for some, ycNir.s j»ast 
awaiting vaeaneit's." For similar reasons, the 
Civil antborities in Cape (.'olony have suspended 
tile entrance examinatlms, .and the 'IVansvaal 
(Government notili(‘S that “applications must 
be made in the Colony, and tluae is an amplf' 
su)>p!y of loeal candidates for the loAver branehi s 
of the servieta wlio gt'nerally Jiave the pre- 
lereiiee.” 

Incurable o])timists who are not daunted 
from emigration hv these and similar reports, 
will lind in tlu' “ Professional Handbook ’’ the 
cmiditions of entraiiec for the clerical service of 
the various C'oluni(‘s. 

Railway Posts. Instead of being privati? 
(*nterpri.ses, as in tliis country, the great majority 
of Colonial railways belong to the (Governments, 
and, des}>il(* tlu^ allusion to railways already 
quoted from the “ Handbook,” these offer very 
much lietter chances of employment for a trained 
i»ffi(’ial than are afforded by the clerical scrvi(;cs. 

To enumerate here the various rates of pay 
for railway men in each of the likely Colouies 
would occupy an unwarrantable space. These 
figures can be learnt on application to tlio 
Emigrants’ Information Office, or to the several* 
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Colonial agents in London. For oiir present 
purpose, a brief indication of the lU’ospeets 
afforded to men from home will suffice. 

South Africa. On the State railways in 
Caixi Colony there is no demand for ottitv 
clerks or artisans, but goods clerks and mechauicB 
are sometimes engaged in England ttirough the 
Agi^nt-Oem^ral for the Cok^ny, 100, Victoria 
Stivet, S.W, Tile engagements are usually for 
throe years, with payment of the passage out. 
Fitters are paid 10s. a day, and earjK'nters a 
little more : but it should ho rememb(*r<‘d tint 
money at the (-api* lias only about three-fifths 
of the jmiehasing value it has in England. F(^r 
the Natal railways, platelayers and signalmen, 
fitters, eoachsmiths, and harnmerinen, are 
wanted from time to lime — tlie fij*st two classes 
receiving £10 to £17 monthly, and (he others f»s. 
to Jits, a day. But these' situations are geaicrally 
advertised in England, and th(‘n‘ is considerable 
risk in going out witliout a d(*linite pi()S])eet of 
einploynient. The stall' of guards, clerks, and 
checkers, on the other hand, is recruited on th«‘ 
s-})ot, and exfjcricnecd men who have gone out at 
a venture have as geiod clianees of <Migagem(‘nt 
as those who are Colonial born. 

Australia. rat(\s of pay foi’ railway 

<‘inploye(‘S in Australia and New Zealand an‘ 
gv'nerally good, and the hours of duty light — 
from 4S to hi weekly -Imt from every part of 
th(‘ Colony tlu're comes practically the sanu* 
report of the sultieieiicy of local candidat(*s. 
'riiUK, the (.Tovernment railways an<l tramcars 
of New Soiitli Wales <‘m])loy a staff’ of nearly 
18,00(1 men and boys, but openings for appli- 
cants from England rar<‘ly occur ; the Victorian 
authorities notify that “ ther<‘ are always many 
more candidates tlian there are vacancies for 
them ” ; and tlie ri'gulations in Tasmaida ami 
WestiTii Australia practically prohibit the engage- 
ment of drivers, firemen, and certain otlaw r.dl- 
way servants from outside sources. As a geiu*rai 
rule, candidates for ]X‘rmaii('nt employiiK'nl 
must be under 35 years of ag<*, and able to pass 
a mt'dical e.xamination. For clerks and superior 
officers a.n educational test is also usually 
jueseriljcd. 

Canadian railways, like those under tin* 
Southern (Voss, arc officially re])orte(l to afford 
“ little or no ojKUiing for men from England." 
But such announeements are intended only to 
diseouragt' anything like a general mov<‘ment 
to the regions coneerned. ( Vsual vaeaneies 
oecur for which (capable men, Avho liave been 
trained on British raiiw^ays, are in freipient 
retpiest ; and while an tmgagement befon? leaving 
home is highly desirable —and for head.s of 
familk's is, indeed, im]K‘.rative — tliese warnings 
need not daunt an eftieient young railw^ayman 
without encumbrances from trying liis fortunes 
in any Colony which, unlike Western Australia, 
has no prohibitive regulations. He should not 
take such a step, how(‘ver, unless he ha« a little 
capital on which to live while seeking a })ost, nor 
without consulting the experts of the Emigrants’ 
•Viiormation Office as to the likeliest field of 
employment. 


Police Appointments. (')ur Colonial 
police are, in some few* insfanc:H. municijial 
servants —as .at (.a|H‘ Town and Durban, for 
example. Most of th<; townships, liowi'ver, ar(‘ 
too small and scattered to maintain Hc:])arat<’ 
foret's, and police control is tluacfore usually 
exercised by the (Government of the (lijluny. 

The Iif(‘ of a police troopin’ in the(*olonics is 
at U*ast ns hard as in the home country, his jnos- 
peets of ])romotion art' gcrier.illy but litth* 
bt'tter, and tht' int'reasctl cost of living t>ft(‘n 
renders his liiglier wages an ajijmrt'iit rather than 
a real advantagt'. On the other li.aml, tin' 
semi-mililaiy duties of many Colonial forces, 
the chances llicy offer of sport and adventure, 
and that “call of the wild" which tlic git'at 
lonely spaces of the Empire utter to the imagina- 
tive car, give tht*se sej viccs an attract ion not to be 
mt'asnrcd in terms of self-interest, and thaw 
into tlu'ir ranks many mt'ii AvJiom the jaosjH'ct 
of town nr provincial poliet* duly at homt* wonltl 
rt'jH'l. 

The South African Constabulary. 

This body is tugaged in ])olice duties in the 
IVansvaal ami Orange Kivt'r (V)lony, but in 
time of war m.ay lie employed for military 
])urposi's. It is sometimes rt'criiitt'd in Kngland, 
but this has et'ased for tlie ])resent, and eandi- 
datt's must now make WTittt ii apjilieation to tin* 
Chief Staff Officer at .JoJianiit'sbiirg. Pt'rstms 
rt'sideiit in the Cnitt'd Kingdom may apjily. 
on the uiidorslanding tliat if approved they must 
pay their own travelling ex))enses to South 
Africa. Tiiey should state tlieir agt*, height, 
(‘host mt'asurement and w’t'ight, mention tht'ir 
(|ualitica<itms. and t'uelost' oo|>ies of their testi- 
monials, including two from gt'ntlemt'n of posi- 
tion, on(‘ of them a magistrate. The standard 
of heiglit is h ft. (> in., and tht' age limits iiic 
20 ami 3.‘>. Kecruits are engaged foi- tliret' 
years, witJi a jirovision for exlcndetl servict'. 
In addition to free tpiartt'i's, nit ions, citjthing, and 
etpiipmenl. and a Jiorse wht'ii retjuired for dnty, 
mem bens of tlie ('oiistabulary rt'ceive pay 
ranging from .-)S. a day for ef.nstabU's to I Os. 
for sergeant-majors and 15s. for wairrant ottict'is. 
Commissions are oblainabli* from tlu' ranks. 

'riie London Staff Officer —from whom fui thei’ 
particulars art' to be obtained at King's (_'ourl, 
Broadway, AVt'stminstei', S.W.- informs us tliat 
in bis o[)inion tht* conditions of servict* in this 
corps will ])robably be cliaiigetl wlieii respon- 
sible government is establi.shcd in the two Co I on it s 
et nicer nod. 

Rhodesian Forces. TJie Biiti.sh South 
.\friean Ikilict* an* a moiintetl forcti em}>lovcd, 
undt'r the eontrf>l of the Im|Ka‘ial (hivt'rnnu'nt, 
in maintaining onler in Southern Rhode.-ia. 
Non-eoiiimissiont'd officers and men are •*'*- 
cruited locally, and sometimes ly advert ist'mtait 
ill England. H(?eri!itrt must bt^ at least 20 ycuis 
of agt*' ftiul -unless they have scrvctl in anoilua* 
police force — not more than 2.5. 'riicy must bt* 
of gt)t)(l eliaraeter, able to ride and shoot, between 
5 ft. () in. and 5 ft. 10 in. in stature, and t>f 
proportionate build. Officers are oceasitmally 
sent out from England, but are usually appomtt'd 
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in South Africa. The rates of pay are as follows: 
Troopers, 5s. a day ; sergeants, (is. to 8s. ; ser- 
geant-majors, 12s. (Id. ; commissioned officers, 
15 h. Cd. to .308. and npw'ards — in each case with 
free quarters and rations. 

The Houthern Rhodesian (’onatabulary are 
employed as civil police in the towns, and are 
recruited at Salisbury, at Bulawayo, and occa- 
sionally in London. Men (‘nrollcd in England 
receive 2s. (id. a day from the day of sailing, and 
are provided witJi a ])assage to South Africa, 
the cost of which tliey must meet by monthly 
deducdioiLs from their ])ay. (V)nstablcs are j)aid 
83. to I Os. a day; detectives and sergeants, 
128. to 10s. ; with frc'c rations and equipment, 
but no quarb'rs. 'riu' eonimissione<l ranks 
receive from £404 to 1T)00, and are tilled by 
promotion from tlie N. (/.(). 's. 

FuiIIkt particulars as to cither force may 
be had of tlu' British South Africa (’ompany, 
2, London Wall, E.t\, who will always inform 
applicants whether recruiting is proceeding in 
England. 

Cape Mounted Police. 33ns is a .semi- 
military force much resembling the South 
African ('onstabulaiy in its <*ufistitution. It is 
equally lialile to army<Ju(ics in case t)f eiinu- 
gency, the term of service is i<lentieal, the rates 
of pay and allowances are very similar, and tlie 
same })hysical standard is j)reseril)ed for recruits, 
but wider age limits are lixed -namely, 18 to 
30 years. As recruiting in England has been 
susjMuided, applications for enrolment shontcl be 
addresssod to the Commissioners of tlie force, 
at (Jape 3\:)W'n. 

Cape Town and Durban Forces. 

When home recruiting is in progress for the first 
of tlu^se bodies, men /ire engaged by the Ag<‘nt- 
Ciener/il for Cape (\)Iony, who will supply all 
requisite inform/ition on the subject, (.’onstahles 
in the (Jape 3’(nvn corps /ire paid £110, £125, 

# and £141) during the thn'c yt‘ars of tlnur engage- 
ment, with free quarters and uniform. 33ie 
Durban Police Eorce is available to suitable 
ap])lieant3 from the Ihiited Kingdom, the 
conditions of <'ntranee pi'cseribing 5 ft. 9 in. 
as tluj minimum height and .35 ;is (he maximum 
age. Preference is ahvays given to unmarried 
men. (Aindidates from this country should write 
for instructions to the Superintendent at Durban. 
The pay is £1.32 a yt‘ar fur constables, rLsing in 
tw'o years to £144 ; and scrgi*ants receiv«» £102. 
Messing and (juartors cost ai)ont £4 a month. 

Natal Police. 33ie local supply of re- 
cruits is gener/illy sufficient to replace losses. 
When enlistment is open in England it is under- 
taken by the Agent -(.Icner/il h>r Natal (20, Vic- 
toria Street, S.W.). Koeruits, who must be 
between 10 and 25 years of age and not less than 
5 ft. 7 in. nor morti than 0 ft. in height, are en- 
rolled for three years, with the option of renewal. 
Constables receive 7s. to 8s. a day, with quar- 
ters ; sergeants. Os. to 10s. ; and sergeant-majors, 
11s. In the higher grades, which are filled by- 
promotion, salaries range from £275 to £5.30. 

Australia and New Zealand. In the 
Australian States, as m New Zealand, candi- 


dates must ajjply personally at the police head- 
quarters in each Colony, and there is no demand 
for men fiom England. It would therefore be 
useless to detail the conditions of service in the 
several forces ; they may be found by the curious 
in the Emigrants’ Handbook, to wliieh we have 
already referred. 

Canada and the N.^W. Mounted 
Police. Even more exclusive than in Australia 
/ire tlie conditions of Britisli f^olumbia, where at 
lea.st ji y<‘ar’s residence must precede any ajipli- 
cation for police employment. 

33ie Royal North-West Mounted Police Force, 
however, is more readily /lecessihlc to English 
candidates. This distinguished police corps 
attracts far more Biitish than tJanaclian recruits ; 
jind although all would-he I'ntr.ants must present 
themselves in the Dominion for enlistment, a 
wise provision of the (Commissioner enables them 
to make fairly certain of their chances before 
incurring the expense of the journey. On 
applying to that official at Regina, N.W.3\, a 
blank medii'al oertilieate can Ik) obtained, together 
w'ilh information as the tlie existence of vacan- 
cies, the standard of requirements, and th<i terms 
on which tro/ipcis are engaged. By returning 
the inedio/il form filled in by a loe/il doctor, a 
candidate residing in the United Kingdom can 
ascertain from the authorities his prospects of 
acceptance oj* riqeetion on the score of health. 

33ie terms of service admit only single men 
b(‘t\veen the ages of 22 and 40 who /ire active 
/ind ahUvbodied, and of exeell(;nt character. 
They must be able to read and write, and must 
understand tlie care of liorses, and lie good 
riders. 33ie minimum height Is 5 ft. 8 in., the 
<*he.st me/isiirenienl must be .35 in., or more, and 
tJie weight must not e.xeeefl 175 lb. CVmstables 
are enrolled for livii years, and receivT (>() cents 
a day, rising to 1 dol., wuth rations. Non- 
eommissioned offieei's draw from 1 dol. 10 cents 
to 2 dol. a day. 

33u* .acting adjutant of the force, to wliose 
courtesy Wv* are indebted for imieh of the above 
information, concludes his letter intimating tin* 
exist em*e of vac/incies willi the following useful 
remarks to (*andidates : “ AppJic/ints must 
perfectly sound from /i medical standpoint and 
have certilie/ites of exemplary charact(T. In- 
tending rt‘cruits have to report at Regina at their 
own expense and be prepared to undergo .a 
very strict medical examination by our own 
surgeon. They must assume all risks. Young 
men of about 22 ye/irs of ago, wcdl educated, ami 
of strictly temperate habits, are most suitable 
for our service. In fact, intemperance is sup- 
I)resscd with a stern Jiand.” 

The Crown Colonies and Uganda. 
Candidates for police posts in Uganda or the 
East African Protectorate should apply to the 
Secretary of Sta to for the Colonies. 33ic appoint- 
ment of oflicers of the police forces of the CJrown 
Colonies is in the hands of the same official, 
and application should be made to liia private 
secretary at the Colonial Office. The rank 
and file in these latter Colonies are, of course, 
natives. 
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w produced on the farm and that which ih the 
product of the creamery or factory. The average 
samples of either are, perhaps, not superior to 
the Iwst brands imported from Prance and 
Denmark, but the Ixjst brands in this country, 
such as those exhibited at the National Dairy 
Show at Islington in Octoher, are incomparahly 
superior to anything we imi^ort, or which, /is we 
believe, it is possible to land on these shores in 
the present stati? of our knowledge. We are 
compelled to admit that our inferior brands 
of fa»m butter are less palatable than the 
uniform product of the Danes and tlie Normans, 
and it is for this reason that the character and 
the flavour of our best butter is }>raetically 
unknown to the aveiago consumer. The best 
imported butters are the factory brands of 
Denmark, and the Ix^st blended buttor.s are 
those of Prance ; following these in ord<‘r 
eoiiic tlic products of Canada, Italy, Holland, 
Australasia, (lennany, and Russia. 

Cheese* Cheese is made in this country 
in gi'eat variety, although to a much less extent 
than in Prance. British cheese may be classed 
as follows : 

Rrks.sk o. 

Cheddar, Cheshirts (doucester, Leiei'ster, 
Derby, Laiieasliire, Wiltshire Loaf. 

Bluk Veined. 

Stilton, Wonsleydale. (.folherstonc, Dors(‘t 
(chiefly skimmed milk). 

Uni'ukssed. 

Caerphilly. 

Soft and Cream. 

Yorkshire Curd, (hxlmanchester, (\dwiek, 
Slipcote, Coulommiers, Cervais, Pont rFAcipie 
(the three last-named are imitations of Preneh 
articles), and ('ream. 

The most important Biiti.sh cheese is Cheddar, 
which is the typo of the product w'hich reaches 
us in such large quantities from Canada and 


Australia and the United Slates. In flavour 
and character it probably stands at the head of 
the cheese products of the world, although 
closely approached by the best Gruyere of Prance 
and Switzerland, and the Gouda of Holland. 
Cheshire of fine quality is largely consumed by 
the huge manufacturing and operative popula- 
tion of Lancashire, Yorkshire, and Cheshire. 
Leicester in its fine.st form is the most mellow of 
all British pressed varieties, but the art of 
making the best, if not lost, is now’ apparently 
but little pnujtised. Stilton, made by a limited 
number of farmers, the majority of w’hom pro- 
duce an inferior article, is practically on the 
inark(‘t only during a limited season from 
December forwards, although it might and should 
be produced for sale during the whole year. 
Its superior quality as compared with the 
veined cheeses of the Continent, notably Gorgon- 
zola, fits it for a lucrative and extensive export 
trade, but it is, even in our own country, super- 
seded throughout the entire year by Gorgonzola 
of second and third rate quality hailing from 
Italy. Wens^’leydalo, at its best, is equal to the 
finest Stilton produced. Our curd and cream 
cheosos are much fcw’cr and infinitely inferior to 
tlio.se pTodueed in France, in which country the* 
soft -cheese industry is of enormous proport ions, 
enabling milk-producing farmers to realise much 
bettor prices than are obtained in this country, 
though the same results are possible. We are 
content to imy)ort Brie, (.’amemlxu't, Roquefort — 
a sheep’s milk bluo-vi ined cheese — Rommel, a 
mixture of cream and milk curd ; Port du 
Salut, which somewhat re.scmbles our Caer- 
philly, although superior in quality, and other 
varieties, all of w’liioh it- is ]?o.ssihle for our 
people to produce with great profit to ihemselver. 

Condensed and Preserved Milk, (bn- 
densed milk is now manufactured both from 
the pure and the skimmed milk of tJic eow’, which 
also produces t h o 
raw material from 
which various brands 
of dried or powch'red 
milk are manufac- 
tured. Beyond the 
fact that the fanner 
produces the milk for 
the manufacturer, the 
preserved milk in- 
dustry has practically 
no relation to dairy 
farming. 

Creameries. 

For many years the 
factory and creamery 
systems have been 
extending in all dairy 
farming countries, 
although in England, 
perhaps, least of all. 
The milk is contri- 
buted by the farmer, 
tested on its receipt, 
skimmed, the cream in 
most well-conducted 
es tab 1 Ishm o n tsi 
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sterilised, inocultitcd 
with a prepared starter 
containing the bactoia 
necessary for the pro- 
duction of flavour and 
quality, and subse- 
quently churned in 
large quantities (2). 

Next to Denmark, 
which has led the world 
in this department of 
the dairy industry, 

Ireland is perhaps the 
most notable example 
of progress in tlio 
creamery system. As 
wo wi’ite there are in 
Ireland 342 creameries 
on the co-operative 
system, apart f r o rn 
many others of a 
]> r i V a t e t5h aracter. 

Improved work hj^s 
enabled the Irish, while 
increasing the price, to 

increast^ the yield also. 2. cream separat 

Value of Bacteria. (riiotogm 

The introduction of 

the cream septjrator more than twenty years 
ago by the Swedes and the Danes was almost 
contemporaneous with th(5 inauguration of 
advanced dairying in this country ; although 
fonovvexl by otlun* inventions, it efTectod a 
practical revolution. Since that time the dis- 
covery that t}\o flavour of butter and its 
keeping qualities are controlled by bacteria has 
enabled Uk 5 maker to effect furtljer iniprovc- 
ments, that the product of to-day, whik^ 
far in advance of that manufactured by the 
past generation, will keep for a longer period. 
Much the sarncs transformation has occurr<*d 
with regard to cheese, which is nownianiiffurt ured 
hy all eoinpoterit persons on the bat^is of 
scientific teaching. 

Progress in one direction, too, has beim 
ae(;omj)anicd by progress in another. The dis- 
covery of a method of inanufaeturing an imita- 
tion butter, known as margarine, by the aid of 
an im])ort€ant pioduction of the Chicago 
stockyards, has led to its admixture with pure 
butter, and consequently to a form of adultera- 
ti(ni which is now punishable by law, but which 
in this country is often difficult of detetjtion. 
Butter, however, which normally contains from 
12 to 14 per cent, of moisture, is also adul- 
terated with water up to as much as 25 per 
cent., although a Bill for the prevention of 
the fraud, and limiting the water percentage to 10, 
has been introduced into the House of Commons 
by the Minister of Agriculture. 

Sale and Yield of Milk. It is also 
instructive to learn that the farmer still sells 
his milk to the dealer, in spite of the existing 
law, by the barn gallon of 17 pints, practically 
2 gallons with a pint overplus, which in earlier 
days was regarded as necessary to make up for 
tbe loss in retailing. Milk is usually sold under 
contract, realising a higher price from October 



2. CREAM SEPARATOR CIlURNlNtJ AND MAKING UP THE BCTTER 
(l*lK»togra|ihe<l in one of Messrs. Welfonl’s dairies) 

lan twenty years to March than during summer, usually Is. 8d. 
Danes was almost to Is. 9d. per barn as against Is. 4d. to Is. .'id. 

inauguration of The dairy farmt^r’s success depends almost 
Duntry ; although entirely upon the productive powers of his 

s, it effectxid a cattle, ami, therefore, upon his own skill as a 

hat time the dis- buyer or breech u*, and as a feeder. The average 

■ butter and its yield of milk in this country, as in America, 

ed b\ bacteria has is about 440 gallons per cow, which is an 

furtijer inipn)vc- insufficient (juantity to provide a profit. TIuj 

of to-day, whih^ fact, howcwcT, indi(uites that as there are 

Liifacturcd by the large numbers of cattle which yield eonsid(‘r- 

a longer period. ably in on? — from 1,000 to 1,200 gallons in indi- 

ion has occurr<*d vidual cows, and from 000 to 700 gallons over 

now 111 anil ffurtu red wliole herds — numbers of farmers must 

on the bai^is of owners of cows which yield considerably less 

than 400 gallons. 'Fhc dairy farmer is more 
i, too, has bcim often than not a breeder of his own stock, and he. 

mother. The dis- should mate his cows with a bull of a milking 

acturing an imita- strain, whost* inlluonce will assun*dly result in 

ine, by the aid of tlni improvtmicnt of Iho milking proper! i<‘S of 

n of the Chicago almost (^very Inifer calf which is horn to him. 

Tiixturo with pure In this country w(^ havo no systAun of testing 

form of adultera- and recording co\w as milkers, consequently 

by law, but which wo have no milking luTd-book, or record, as . 

cult of detection. is the case in the United States. For the samo 

ally contains from reason, too, a progn'ssive farnu'r desiring to 

ure, is also adul- mate his stock and to breed upon scientitic 

i much ay 25 per principles for the jiurpose, has no useful means 

the prevention of of ascertaining where to obtain a bull of a 

^r percentage to 10, known milking strain, or cows which arc them- 

louse of Commons selves milkers of tlui liighcst type. 

l**eeding Principles. Economy in milk 
Milk. It is also prcKluction may be effected in another direc- 

farmer still sells tion. There is nothing in the managemimi of 

ite of the existing a herd so important as a knowledge of the 

' pints, practically principles of feeding. To rely solely upon the 

8, which in earlier common produce of the farm — hay, straw, and 

ry to make up for roots — is in these days absolute folly ; y(*t 

usually sold under there are many dairy farmers who use. neither 

rice from October corn nor cake*, or wlio, making purcliase.s of 
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both, employ them without recognising the upon economy of the <iftiry. It is the 
principles upon which they should be selected, castoin in this country to house <Mttie during 
This matter has been discussed in the section the night early m October, but it has been 

upon Foods and Feeding in Farming, but it is shown by demonstration at the Harmjr Adams 

essential to point out that rich foods arc Oollege at Newport, in Shropshire, that where 

necessary up to a certain point to provide for the cows are kept out of doors on the pastures 

the manufacture of the solid materials which at night to the close of the year instead of 

milk (contains ; and that those foods might bo bringing them in with October, mon^ is sav^. 

grown upon tlui farm in the great majority of Tins is one among many questions which 

instances at very much less cost and with far farmers should test for themsr^lve8, whatever 

greater economy than by purchasing them, or their practice or belief may be. Again, in 
th(Mr equivalent, in the market fsec pages 2702- thf^ roaring of young stock it has been denum- 

2706 and 2904-2909J. strated by the officers of the Yorkshire 

Improvement in Dairy Production, College that great saving may be effected by 

()iir third proposition r(*lat/es 1o the exerci.se heeding calves upon skimmed or separated milk 

of greater skill in the produc^tioii of butler to which cod-liver oil has been added in order 
and cheese. It is possible that Jess than 10 to replace the fat that has been removed in 

per cent, of our farm manufacturers of these the cream. During successive years groups 

two pr(Khi(ds are failing to obtain lietter prices of calves were reared to maturity, the accounts 
owing entirely to deficient knowledge. Dairy btung atrictly kept, on two systems of feeding, 

sclioois <;xiHt, and itinerary inatruetors travel with whole milk and with skinmud milk and 

in many counties at the expense of the oil, and in each case the results were in favour 
ratepayer ; nevertheless, large quantities of of the latter. 

English farm butter are sold w^eek by week at The practice of town <?owkeeper.s, who buy 
much lower prices than are realised by imported of the best that can be found, is tx> fatten each 

brands, whiles the qumititios of first-class cheese animal for the buUdicr as its milk supply 

which are obtainable by dealers are so small, de(!reases, with the result that there is a con- 

and of second and third class cheese so large, tinual drain of the best cows in the country, 

that one is almost inelini‘d to de.spair of the veiy' many of w hich arc of high value as stock 

future of British dairjdng. Butter which realises for breeding purposes. Whatever may bo the 

8d. j)er lb. — a vciy* common price in summer practice, the princi])Ie is wrong. 

— ^practically returns, allowing Ud. a gallon for Tuberculous MilK. Since the discovery 
the skimmed milk, from 4d. to 4Jd. per gallon, that the disease known as tuberculosis may 

whereas when Is. 2d. to Is. 3d. is realised— and be communicated to man through the milk 

Htill better prices than these are obtainable for wliich lu; consumcis, great efforts have beem 

first-class Jersey or (Juemsey butter — 7d. per made not only to eonfinn tlu* belief, but to 

gallon may be obtainabhi. There arc tw o reasons prevent th(' pos-sibility of an affected cow being 

for this, the more perfect removal of the (jreani n*tained in any herd or dairy. Many breeders 

from the milk, and greater skill in manufacture. and cowkw‘p(irs have, in consequence, sub- 

It is precisely the same wdlli cheese. Many mitted their cattle to what is knowm as tho 

makers fail to obtain more than JOs. to 00s. tuberculin test. The injection of the serum 

per cwt. Others, equally clever in marketing known as tuberculin — which contains no living 

as in manufacturing, obtain from 75s. to 8,5s., bacilli — is followed by symptoms wdiich, where 

and in exceptional cases still higher figure.^, tuberculosis exists in the slightest form, indicates 

without adding the value of tho whey. the fact, and enables the owner to remove her 

MarKeting. This question, which brings from his herd. There are, however, doubts 

into prominence tho biusiness side of the farm, both in the minds of scientific and practical 

is one which is very much neglected. The men as to the <)fficacy of the test, in spite 

farmer is seldom found circularising the public, of the many apparent proofs w'hich have been 

or taking any steps by advertisement or other- demonstraled, as well as to the truth of the 

wise to obtain regular customers with whom lie fact that the germs of the disease are found 

may conduct a wx*ekly retail trade. His cheese in milk. Hence we may suspend our judgment 

is sold to a merchant ; his butter, more in some degree, yet we are bound to express 

frequently than not, to a local sliopkoeper, the belief that where the udder of the cow is 

who is clever enough to obtain a profit upon tuberculous— and this Ls recognised practically 

what he buy.s as well as upon what he soils. by all xmblic authorities— the milk which is 
Among other subjects that may be briefly drawn from it is a source of danger to human 

discussed here are some which directly bear life. 

Continued 
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completed with our pn^vious study a ra])id 
yet comprehensive survey of English Prost? 
Fiction as it is embodied in the writings of 
the more notable novelists of the past dr)wn 
to liobert TiOnis Stevenson. The extent of the 
subject, and o\ir desire to maintain througbout 
the historical melliod of treatment, left us little 
or no spae(^ to devote to the separate considera- 
tion of the great variety of literary forms which 
might reasonably be included under the head of 
the Novel, not to say the still greater variedly of 
which the term Prose Fiction admits. But the 
student anxious to ])ursue furtluM* the studies 
which we have at. least begun will tind in what 
has been set down many ting(‘r- posts pointing 
the way to increased know'Iedgc^ of the subject, 
w’hile (he general reader will have s<»cured 
what might be termed a rough ground-plan, or 
working outline, of all that is best worth reading 
in English Prose Fielion. 

-The Good Work of Our Own Day« 
For the present study w<? have reserv<‘d the work 
of (hose novelists who aiu* still living and in 
most cases stiH writing, as we are persuaded that 
there is great need in a work of (his kind to 
insist upon the merits of living w'riters when so 
mueh of our jUtontion must necessarilv ho <lrawn 
to the aiit hors of the ])ast. VVe have no sympathy 
with those critics who scorn never so ha[)py 
as when they are sne<M’i?ig at the prodiu^tions of 
their contemporaries. A very little study of 
literaiy history will show (hat in all agem there 
have bt?en critics who liave maintained (his 
pose. Shakespeare liad maiiy detractors in 
his owm day, Scott was not without his adverse 
critics, Dickens was scotTed at as a waiter of 
low Cockney books. Rather is it dtrsirable to 
look around us, that wc may discovi*r what is 
good in the work of our contemporaries. And 
if we but do this to-day we sliall be agreeably 
surprised to tind Iioav excellent is (ho prose 
tiction of our living writers. 

The Novel a Perfected Instrument. 
Tf we have not many giants among ns— and 
this is the most difficult of all t hings to determine, 
as wc do recpiire some distance of time to measure 
accurately the real dimensions of a great writer — 
there is no maniuT of doubt that the general 
level of excellence represented by the body of 
contemporary liction is considerably higher 
than that obtaining in any former period of our 
literary history. The novel has become in our 
own day a perfected instmment . From a formless, 
lumpish, uncraftsmaniike thing, such as wo find it 
in the hands of even great writers in the past, it 
has developed into an admirably proportioned 
aiid wonderfully effective literary medium. 

What we are saying is that the average good 


novel of to-day is as superior to the average 
novel of the mid-Vict(jrian dsiys as a modern 
exp?*ess locomotive' is supf'rior to (he old ‘‘ Puffing 
Billy.'’ This means llint (lie liie'rary art, as 
dislinet from genius, which may he, hut is not 
always, above and imk'pendent of eonv.'ntion, 
lias vastly improved from (he days of our 
forefadiers. Though all this wall he lield (orecpiire 
eonsid(*rahly more proof than w(‘ <‘an possibly 
hope to advance in this very hritd study, we 
may conteuit ourselves by sugg(‘sting that in 
sujiport of our assertion wc have only to 
examine any representative story by such writers 
as Mr. Israel Zangwill, Mr. Eden Phillpotts, 
Sir Arthur Conan Doyle, Mr. Halliwell vSutclilfc, 
Mr. S. R. Crockett, Mr. R. S. Hichens, Sir 
(Blbert Ihirker, Mr. Neil Munro, Mr. A. E. W. 
Mason, and at least a score of oilier equally 
well-known writers, to realise how firm and 
admirably wrought is the tc^xture of our con- 
temporary liction as compared with that of any 
pre V i( m s period. 

A Healthy Sign of the Times. The 

fact that side by side with what is entirely 
praiseworthy in the modern novc^l there exists 
a vast amount of liction that is undeniably 
trashy, false to ('very canon of tlie literary art. 
us<*U*ss and often worse than usi'less as furnishing 
for (he mind, h*>,s led many hasty <u*itics into 
unfortunate gcaieralisations condemnatory of the 
whol(‘ body of contemporary ficition. In all 
times, anti (wery wlu'iv, the wt'ctls havtj (loiirislu^d 
as luxuriantly as (ht^ flowers • often more pro- 
fiisi'ly. It is so to-day in the world of k'tters, 
hut not more so than at any (irm^ in the past. 
That so many of our best, living novelists are 
widely and intelligt'nt ly read by an over increas- 
ing public is of far more importance than the 
fact that an immense number of superficial w riters 
secure large curculalions for their works by the 
patronage of the uneultured. While wo cannot 
hope in the little spruce tliat rern.'iins to us to do 
justice to the best work of oiir contemporaiy 
noveli.st8, and while many Avorthy of some 
attention at the hands of all aa4io would be well 
v(*rsed in living Avriters may have to be passc'd 
over Avith tlu^ mere mention of their names, W’o 
may at least do something to preserve a sense of 
proportion by ignoring entirely many more who 
have won only the ignorant approval of (he mob. 

The Two Greatest Novelists. There 
is, of course, a sense in w^hieh the two 
greatest living novelists, Mr. Meredith and Mr. 
Hardy, should have come into our previous 
study. As writers of fiction, both may ho said 
to have ended their careers. It is a pity that it 
should be so ; that Mr. Meredith should have 
written no work of fiction since 189/5, and that 
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Mr. Hiirdy, who hi not yet seventy years of age, 
should have laid down the pen of the novelist 
when he was only fifty-two, with all his brilliant 
powers at their ripest. But the fact is so, and 
we must not complain, for each has to his credit 
a splendid talc of work ; and although they are 
essentially of the Victorian Age, it satisfies 
our pride no less than it fits in \tdth our historical 
method to regard them as our eont«imporaries 
of to-day. 

George Meredith. Stevenson ow^cd a 
great deal to GEOR(iK Meredith (b. 1828) ; 
and this fact may be taken as specially significant . 
What, wo may well ask, ada[)ting a weil-knoun 
line, do they know of Meredith who only 
Meredith know ? The answer is that they 
know a great deal, but that the great deal falls 
very eonsiderably short of the whole. Though 
his first book, a volume of poems, was published 
in 1851, Meredith did not b<‘gin to be appreciated 
by the public till t^uite thirty y<*ars later. Even 
to-day, though there exists what is called a 
Meredith cult, it cannot be affirmed that its 
“idol” is^pi^pular. We may reasonably doubt 
if he will ev(‘r bo r(*ad as wddely as, say, Thack- 
eray ; if he w'ill ever iM^eome a “ classic.” Hut 
to the student of eontein|)orary English fiction 
Meredith is something greater than a popular 
writer. He is, and has b(‘en for yi'ars, a gr(‘at 
influeneo. Stev(*nson counts but as a unit 
among those who have been and who will bi? 
influenced l>y him. Thiuo are various reasons 
for the powi'r he has exerted over his contem- 
poraries. The chief reason is that he has 
chosen to look at life v\ith his own eyes, 
and to describe it in his own w^ords. The life 
bo depicts may not be the life w'ith which wo 
are all familiar. ‘His people are, as he has 
described them, “ actual, yet uncommon.” 
Meredith is a social satirist. Full often he 
smites and spares not. But it is scalpel woik, 
never mutilation. He was a poet before he Avas 
a novelist, a philosopher before he was a poet, 
and his novels aie poetry and philosophy 
combined. His place is with Browning and 
Carlyle. They and he have the defects of their 
qualities. ^ But what splendid qualities these 
are ! Meredith is thought -compelling. He gives 
exercise to the mind. Ho is a felloAv-traveller 
on life’s journey who gives readily from a store 
of experience that is vastly greater than our own. 

How to Study Meredith. Some of 
us liavo not yet learnt that we get no more 
from a book than Ave bring to it : minUA have 
to be “ worked ” as avVU as mines. The Mere- 
dithian mind is an intellectual Goleonda. The 
right way to “ work " it is to study the man 
and find out the origin and motive of his writings. 
None of Meredith’s novels can bo fully appre- 
ciated at a first reading Knowledge, as well 
as industry, is essential. How, for example, 
can “ The Tragic Comedians ” be understood 
unless the reader know something of the career 
of the Gorman Socialist Lassalle ? But the 
diligent student will find Meredith to a very 
considerable extent self-critical and self-ex- 
„niaiiatory. As to his style: this is admittedly 
it is like a river with many tortuous 


windings but noble reaches. But his English, 
at its best, is the best English of the time. He 
is to bo studied, not imitated ; and the study 
should result in a disregard for the iteration of 
toil-worn phrases. “ A Avriter,” he says, “ who 
is not servile and has insight must coin from 
his owm mint.” 

Meredith's Style. It has been very 
happily said of him that “ he thinks in meta- 
phor,” which is precisely what the ruck of 
mankind does not do. Hence, it is not sur- 
prising that to the average reader the works 
of this gri'at novelist should pr(*sent grave 
difficulties of style. Curiously enough, we find 
his poetry presenting a clearness and grace of 
diction, a simple beauty of words, which is 
iu‘urly always foreign to his prose manner. 
The late Ashcroft Noble observed with much 
truth that “ his speaking voice is an affair of 
organisation ; his singing voice is the result 
of eart'ful training.” In other words, Meredith 
the lun^elist tells his story in a manner natural 
to the man : but in his poetry the consiMous 
aitist, under the restraint of his medium, 
has lo rid himself of the perp<‘tual involutions 
of metaphorical thought w'hicli are natural to 
him and eharaelerisc his work in prose. 

Begin with “ Richard Feverel.” 
Th<‘rc can bo no question that the best of 
Mereditb'K novels to begin with is “ The Ordeal of 
Richard Ft‘\(‘rel.” U we ask “What is cdu- 
<*Htion ? wo have here an ansv^'cr equivalent 
to many debati^s in Parliament and many 
s])ecches on political platforms. We have 
education not merely described, but set'n in 
action. If wo ask “What is love?” “ What 
passion ? ” avo have bnt to take up “ Richard 
h\*verel ” to s(‘o th<‘se two dominating attributes 
of our common liuiiian nature set forlli with a 
freshness, a vigour, a reverence, a sympathy, 
a feeling for ext(*rnal nature — with a knowledge, 
in short -unrivalled by any other writer of 
contemporary fiction. If we seek an example 
of the analysis of motive aac cannot do better 
than study% and we shall be the Ijettor for 
studying, the dissection of 8ir Willoughby 
Patlcrn(‘ in “ The Egoist,” in modern fiction 
surely the most finished portrayal of any typo 
of character, an “uncommon” character in 
Avhieh every reader will find some phast' of his oAvn 
self nweali'd to him. “ Beauchamp’s Career,” 
“ Biana of the Crossways,” and “ The Adven- 
tures of Harry Richmond ” are the best of 
Mr. Meredith’s other novels ; “ The Shaving of 
Shagpat ” the most richly imaginative. To 
show tliat genius, if not always “ the art of taking 
pains,” does not despise drudgery, it may bo 
sufficient to mention that for thirty years Mr. 
Meredith was literary reader to a well-known 
firm of publishers. 

Thomas Hardy. If with BroAvning and 
Meredith we believe that 

“ God’s in His heaven 
All’s right Avith the world ! ” 
a study of the novels of Thomas Habx>y (b. 1840) 
Airill be a somewhat mixed pleasure. Hardy, 
even more than Meredith, has great dramatio 
qualities. But Hardy's is the voice of the 
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countryside — of the coimfiyside that is far 
removed from town. To him the greenwood 
tree suggests not merriment, but destiny ; 
a pair of blue eyes not heaven, but Fati‘. 
Life is a tragedy with a few interludes. The 
coast of Dorset might almost be the shon^s of 
old Armorica. Yet the philosophy of this 
Dorset seer is stern, not weeping. The words 
of religion arc quoted freely in his novels, but 
in the spirit of the educated pagan. The 
peasants he introduces to us belong to a part 
of England the exchisiv(mess of which is only 
now being broken into. Their ways and models 
of thought are depicted with* a realism that is 
pitiless, though the novelist lightens his narrii- 
tives with many a flash of genuine humour. 
Hardy is a writer who must approached with 
an understanding of his own environment, which 
is the environment of the characters of his novels. 
The student must gain the novelist’s point of 
view ; then, even in the ease of “ Jude the 
Obscure,” in place of the repulsion that many 
might otherwise experience simple admiration 
of the writer’s art will be awakened. 1'his art is 
undoubtedly circumscribed, but it is great art, 
ncv^ertheless. Every incident in the novels 
written by Thomas Jlardy is calculated with 
unerring skill ; the Tiiovenuuit is controlled from 
the outset with the deliberation of conscious art. 
The style is as direct as the plot ; its distinction 
is derived from its subjoct-matbu*. 

Hardy's Best Novels. With 11 ardy, style 
without thought is mere Vtanity. “ A writer’s 
style,” he once wrot(‘, “is according to his tem- 
perament ; and my impn'ssioii is that if he has 
anything to say which is of value, and words 
to say it w'ith, the stylo will come of itself.” 
Like Meredith, Hardy is a poet ; like him, again, he 
is scarcely a “popular” author, though both have 
enjoyed in more recent y(‘ars far more f)iil>li(; 
favour than in the prime of their Jives. Wc; have*- 
said enough, piu’haps, l-o show that lu? is an im- 
portant novelist for the student. His best 
works appeared in the following order : “ Dmh'r 
the Greenwood Tree” (1S7'2), “A Pair of 
Blue Eyes” (1873), “Ear from the Madding 
(!rowd ” (1874), “The R<*turn of the Native” 
(1878), “The Mayor of Casterbridge ” (188(i), 
“ The Woodlanders ” (1888-7), “ Toss of the 
D’Urbcrvilles ” (his greatest novel, IStM), and 
“ Jude the Obscure ” (1894-5). The reader would 
do well to take up his novels in this se({uence ; 
but “Far from the Madding (!rowd” may be 
mentioned a« thoroughly representative of his art. 

The Test of a Novel. At this point, and 
touching “Far from the Madding (’rowd,” we 
think it well to define more particularly than w<^ 
have yet done the supreme quality of a good 
novel. We have in our previous study seen that 
the melodramatic story is one in which inci- 
dents are of first importance. Human nature, the 
facts of life, do not concern writers of this chiss 
of fict ion. Their chief stock-in -trade is the 
“ thrilling situation,” True, in life there are 
many incidents as thrilling as any ever invented 
by the most ingenious sensation monger, but tho 
difference lies in the fact that the great episodes 
of* life, like the great rivers of the world, have 


their source in little things, and convey no lesson 
to ns unless w^e know something of tho source 
from w'hich they spring. In all works by 
masters of fiction it will bo found that the 
“ supreme moments,” tho crises which they 
describe, have grown steadily, reruorselcssly, 
fatefully out of the lives of their “dramatis 
personte,” and have not been invent(‘d merely 
to “thrill” or shock the reader. This does not 
mean that tlu^ supreme moment must come 
late in the story ; it may o<‘cur early in tlu^ narra- 
tive ; but Avhen such is the eas<i it will bo found 
to dominate the entire book, to shapt* and colour 
everything that follows. 

The “ Inevitable ” Incident. If tho 
reader will turn to “Far from tho Aladding 
( Vowd,” lie will find that the fifth ehapt(‘i’ contains 
one of the most tragic episodes in modtTri fiction, 
related in a simple, unatTeeted style, but coming 
like a peal of near thundiT on a summer day, 
startling, ]>ortentoiis, “thrilling” if you will, 
but absolutc'ly inevitable in the drama tlui 
novelist is unfolding. It tells how Gabriel Oak, 
the young farnua- who is the hi‘ro of the story, 
has conn* within sight of his long-toiled-for suc- 
cess, and has thoughts of marriage, when, one 
night, he is reduced to ruin by the juisguided 
zeal of a slu'cp dog, which drives some two hun- 
dred of his flock, w1h)S(‘ lambs have not yet conn*, 
into a. chalk pit. “ Tho sheep w(‘re not insured. 
All tlie savings of a frugal life had been dispei’sed 
at a blow. ... It was as remarkable as 
it Avas characteristic that the one sentence lie 
uttered was in thankfulness : ‘ Thank God I am 
not married ! What Avould shc^ have done in 
the poverty noAV coming upon me ? ’ ” 

Tins tragic episode is ch‘seribed with perfect 
literary art and lidelity to life. It keys the Avholo 
story through tlu^ fifty otld chapters that folloAV. 
It exercises a rnighly iuthumet^ on the character 
of tJi(5 liero and his relations Avith the other 
persons of tin* ronianee. It is cssc*ntial to the 
story, Avoven into the AA^eb of it, impossible to 
be reniovi'd Avithout ruin to the whole. That is 
what Ave mean Avlu'n Ave speak of the incidents 
in the Avorks of great novelists as being “ inevit- 
able.” Wh(‘n the r(‘ader thoroughly appreciates 
this, ho Avill have no diflicnlty in distinguishing 
hetAvcH'ii the noA^'l of true eharaetor and drama 
and the nuvcJ of false character and melodrama. 

Kipling and Social Criticism. One 
of the principal features in the fiction of our 
time is its note of social criticism, especially 
in regard to women. Mr. BnoYARi) Kiplino 
(I), 1885), touched this note in “ The Light 
tha.t Failed ” ; but. Kipling is to he found at 
his best in his short stories of Anglo-Indian life, 
such as “ 1'he Tnearn i.1 ion of Krishna Mulvnney,” 
“ 'rhe Gourtiiiir of Dinah Shadd,” “The Man 
Whf) Was,” “ Witho It Benefit of Clergy," “The 
Drums of the Fore and Aft,” and “ Georgio 
Porgie.” In his prose as well as in his ballads 
he has depie.iicl the (\)ckni‘y soldier abroad Avith 
unerring insight and fidelity. His pnjsci fiction 
is as woi’thy of serious study as that of any 
master of the near pa.st. Whether his opinions 
please or irritate us, Ave must acknowledge that 
he possesses an absolute iiidiviiluality in his 
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style ; that he is a “ maker ” and not a mere 
ioumeyman of letters. The clash of rival 
forces and the mystic spirit of the dreaming 
East have found reflection also in the work of 
Mrs. Flora Annie Hteel (b. 1847), particularly 
in “ On the Face of the Waters,’* and the short 
stories published under the title of (n the 
Permanent Way.” The bitterness of outlook 
in the novels of Thomas Hardy is more than 
equalled in “ The Story of an African Farm,” 
written by Mrs. Olive ' Scureinkh when she 
was quite a girl, and her one book of real literary 
value ; but even this bitterness is excelled 
by the revolt of “ Th(' Gadfly,” by Mrs. Voynk’Ii. 
Kevolt, too, though of a more temperate' 
kind, is a eh araet eristic of the novels — 
‘‘Marcella,” “The History of David Grieve,” 
and “Robert Filsmere” — of Mrs. HinvieitRY 
Ward (b. 1851), a granddaughter of Arnold of 
Rugby, and a uTiter whose work claims con- 
sideration with, as it is iiilhienoc'd by, that of 
George 'F^liot and (^harlotte Bronte, R<‘volt 
again, with a more decided accentuation of the 
sex problem, is reverberant in “ The Heavenly 
Twins,” by Mme. Sarau Grand ; “ The Open 
Question,” by (). E. llaimond (Miss Elizabeth 
Robins) ; “ Keynotes,” by George Egerton 

(Mrs. Goldin(» Rrioht) ; and “ The Yellow 
Aster,” by Mrs. Manninoton (‘affyn — woiks 
noteworthy eliiofly as representative of a passing 
phase of thought, rather than of enduring value. 

The •* Society Novel. What is called 
tho “society novel” includes among its viTit(*rs 
Mr. E. F. Benson (b. 1867), author of “ Dodo” 
and “ Mammon & Go.” ; Mr. F. G. Philips 
(b. 1840), author of “ As in a Looking-glass ” ; 
Mr. Percy White, author of “Mr, Bailey- 
Martin,” “ Tho West-End,” and “ Andria ” ; 
“ Benjamin Swift ” (Mr. William Romatne 
Paterson) (b. 1871), author of “ Nancy Noon ” 
and “Ludus Amoris ” ; Mr. John A. Stkcart 
(b. 1801), author of “ Wine* on the Lees ” ; Mr. 
William J. Locke (b. 1863), author of “ Dere- 
licts ” ; Mr. Vincent Brown, author of “ A 
Magdalen’s Husband ” ; Mr. Edwin Pituh (b. 
1874), author of “ Fruit of tho Vine ” ; Mr. 
Leonard Merrick (b. 1864), author of “The 
Man Wlio Was Good,” and “ The Worldlings ” ; 
“ Ouida ” (Mile, de la Ramee), author of 
“ Moths ” and “ Tho Waters of Edera ” ; Miss 
Braddon (Mrs. John Maxwell) (b. 1837), author 
of “ Lady Audloy’s Secret ” ; Mr. W. B. Maxwell, 
a son of the last-mentioned writer, author of 
“Vivien,” “Tho Ragged Messenger,” and “Tho 
Guarded Flame,” all works of distinction. 

Mr. H. G. Wells (b. 1866), in addition to 
wiTting a scries of remarkable semi -scientific, 
half -sociological works, which have caused him 
to be compared to both Jules Verne and Herbert 
Spencer, has in “ Kipps ” penned a social satire 
of exceeding power. Miss Violet Hunt, author 
of “ A Hard Woman,” “ The Celebrity at Home,” 
and “Sooner or Later,” and Miss Beatrice 
Harradkn (b. 1864), author of “Ships that 
Pass in the Night ” and “ Hilda Strafford,” are 
writers whose works are representative of the 
xaingled satire and brllhant pessimism which is to 
found'in the books of many women novelists. 


Realists and Others. Among those who 
have sought, somewhat after the method of 
the French school, to photograph humble life, 
may be cited Mr. Arthur Morrison (b. 1863), 
author of “ Tales of Mean Streets ” ; Mr. 
George Moore, author of “ Esther Waters,” 
and an acknowledged pupil of Zola ; Wiluam 
Somerset Maugham (b. 1874), author of 
“ ’Liza of Lambeth ” ; and Air. Richard 
Whiteing (b. 1840), author of “ No. 6, John 
Street.” In “ The Passport,” Mr. Richard 
Baoot (b. 1860) has written a brilliant exi) 08 uro 
of Vatican intrigue ; and religion and ethical 
questions are doa-ft Mith by Mr. William Huh- 
RELL Mallock, Dr. William Barry (b. 1849), 
Mark Rutherford (Mr. William Hale White), 
Mr. C. Ranger Gull (b. 1876), and Mr. F. T. 
Bullen (b. 1857). “ Questions of tho day ” form 
the theme of such purely “ popular ” writers as 
Mr. Hall Caine (b. 1853) and Miss Marie 
C oKELLJ. Mr. Coui^soN Kernahan (b. 1858) 
has achieved distinction in tho department of 
allegory, and alU'gory may also claim “ Tlie 
Garden of Allah,” by Mr. Robert Hichens (b. 
1864), who has also written in “Tho Woman 
with a Fan,” a striking novel of society life, and 
in “ Tho Black Spaniel ” touched the macabre 
vein, so distinctive of the work of Mr. Arthur 
Maciien (b. IH63), author of “The House of 
Souls ” and “ The Great God Pan.” 

Modern Romance. In the realm of 
historical romance, prominent places are 
claimed for Sir Arthur (V)N an Doyle (b. 1859), 
author of “ The White Com 7 >any ” and “ Uncle 
Bernae,” and the creator of “ Sherlock 
Holmes”; xMr. Stanley Weyman (b. 1855), 
author of “ A Gentleman of France,” “ Under 
the Red Robe,” and “ My Lady Rotha ” ; Sir 
Gilbert Parker (b. 1802), author of “The 
Seats of the Mighty ” ; Mr. Anthony Hope 
(Hawkins) (b. 1863), author of “The Prisoner 
of Zenda ” and “ Quisantc ” ; Mr. Maurice 
Hewlett (b. 1861), author of “ The Queen’s 
Quair ” ; S. Levett-Yeats, author of “ Tho 
Chevalier d^uriac ” and “ Grrain ” ; Mr. S. R. 
Crockett (b. I860), author of “ The Red Axe” 
and “Tho Raiders”; Mr. Bernard Capes,. 
author of “ A Castle in Spain ” ; “ John Oliver 
Hobbes ” (Mrs. Crakue) (b. 1867 ; d. 1906), 
whose tragic death occurred as these pages were 
being passtni for press, author of “ A School for 
Saints ” and “ Robert Orange ” ; Mr. Ford 
Maddox Hueffer (b. 1873), author of “The 
Fifth Queen” ; “M. E. Francis” (Mrs. Frances 
Blundell), author of “Yeoman Fleetwood” ; 
and Mr. F. Frankfort Moore (b. 1856), author 
of “ The Jossamy Bride.” Romance pure and 
simple and fascinating marks almost every book 
that has come from the pen of Mr. and Mrs. 
Egerton Castle, joint-authors of “Young 
April ” and “ If Youth but Knew.” The quality 
of a rare humour distinguishes the stories of Mr. 
James Matthew Barbie (b. 1860), stories that 
stand quite by themselves, as “Tho Little 
Minister” and “The Little White Bird,” and 
the short sketches collected in “ A Window in 
Thrums ” and “ Auld Licht Idylls.” The romance 
of adventure in Far Eastern seas has found in ]!fc. 



JosBPH CoNBAD (joint-author with Mr. F. M. 
Hctbffeb of “ Romance *’) a skilful interpreter. 
Mr. Louis Becks (b. 1848) transports the reader 
to the islands of the Southern Seas, as in “ Rod- 
man, the Boats teercr ” ; while Mr. R. B. 
CuNNTNOHAME Graham (b. 1852) has written with 
masterly touch of the romance of life in South 
America, as in “The Ipane?.” Australian life is 
rt'flected in the books of “ Rolf Boldrcwood 
(Mr. T. A. Browne) (b. 1826) and Mr. E. W. 
Hornun(3 (b. 1866), author of “ The Rogue’s 
March ” and “ A Bride from the Bush.” Mr. Max 
Pemberton (b. 1863) has won wide popularity 
by his novels of pure adventure, a vtun also 
profitably worked by Mr. C. J. (’utcuiffe Hyne 
(b. 1866). South Africa as a field of adventure 
has been exploited to some purposj*. in the highly- 
coloured pages of Mr. If. Rider Hacujard 
(b. 1856), author of “King Solomon’s Mines,” 
“ She.” “ Ayeslia ” (an old title revived), and 
“ Stella Fregelius.” The roving spirit is well 
expressed in the work of Mr. Mt)RLEY Roberts 
(b. 1857). Mention must also be made of the 
fine works of Mr. A. T. Quiller-C^ouch (b. 1863), 
author of “ Troy Town,” “ The Splendid Spur,” 
and “ The Ship of Stars ’’ ; l\Tr. Theodore 
Watts-Dunton, author of “ Aylwin ” ; Mr. 
Charles Marrioi'T (b. 1869), author of “ The 
Column” and “Genevra”; Mr. A. E. W. 
Mason (b. 1867), author of “ The CJourtship of 
Morrice Buckler ” and “ The Four Feathers ” ; 
Mr. John Oxknham. author of “ John of Geri- 
sau ” and “ Barbe of Grand Bayou ” ; Mr. R. H. 
Benson, author of “ The King’s Achievement ” ; 
and Mr. W. H. Hudson. There is also much to 
admire in the writings of the Rev. S. Barino- 
Goujld (b. 1834), whose “ M(halah ” has been 
widely read ; Mr. Neil Munro (b. 1864), aut hor 
of “ John Splendid ” ; Mr. David Storkar 
Meldrum (b. 1865), author of “The Story of 
MargrMel ” ; “ Zaek ” (Miss CiWENDoline 

Keats) ; David (hinisTiE Murray (b. 1847), 
who has narrowly missed the first rank ; Mr. 
W. E. Norris, author of “Giles Ingilby”; 
Mr. Ai^red Ollivant (h. 1874), author of 
“ Owd Bob ” and “ Danny ” ; Mr. Eden 
Phillpotts (b. 1862), author of “ t 'hildren of the 
Mist ” and “ The Seeret Woman ” ; Mr. Halli- 
WELL Sutcliffe (b. 1870), author of “ Rieroft 
of Withens ” and “ Through Sorrow’s Gates,” a 
writer who comes close to Hardy in every l espect 
except that of humour ; Mr. W. C. Clark 
Russell (b. 1844), author of “ The Wreck of the 
Grosvenor ” ; Mr. Robert Barr (b. 1850), 
author of “The Countess Tekla ” ; Mr. Laur- 
ence Housman (b. 1867), author of “ An 
Englishwoman’s Love Letters ” and “ A Modern 
AntoBus ; ” Mr. Israel Zand will (b. 1864), 
author of “ Children of the (xhetto ” ; and 
Mi*. Louis Zangwill (b. 1869). 

Humour has admirable representatives in 
“F. Anstey” ( Mr. F. A. Guthrie), Mr. 
W. W. Jacobs (b. 1863), Mr. Barry Pain, and 
Mr. W. Pbtt Ridge. Mention must also be made 
of the success of Mr. Joseph Hatton (b. 1840) ; 
while Mr. Jerome K. Jerome (b. 1859) ha.s prov^ 
hijpself a novelist of great power and insight. 
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Some Prominent Women Novelists. 

“ Lucas Malet ” (Mrs. Mary St. Legkr Harri- 
son) in “ The History of Sir Richard (^almady ” 
made a reputation for power at the expense of 
mortj admirable qualities, but the book wfill not 
readily be forgottem. Other prominent women 
writers aro Miss Rhoda Broughton (b. 1840), 
author of “ Cometh up as a Flow'cr ” ; Mrs. 
Katharine Tynan TIinkson (b. 1861); Miss 
Jane Barlow, author of “ Irish Idylls ” ; Miss 
M. Beth am-Ed wards, author of “ Dr. Jacob ” ; 
Miss Mary Oholmondely, autJior of “ Red 
Pottage” ; Miss Una L. Silbkrrad (b. 1872), 
author of “ The Wedding of the Lady of Lov(‘ll ” ; 
Miss May vSin(u.air, author of “ Divine Five ” ; 
“ Maxw’ell Gray ” (Miss M. (h Tuttiett), author 
of “ Tliti Silence of Dean Maitland ” ; Miss E. 
T. Fowler (Mrs. A. L. Felkin), author of 
“ ( ’onoerning Isabel ("arnaby ” ; “ Sidney C. 

Grier ” (Miss Gre<u{) (b. 1868), author of “ Like 
Another Hel(‘n ” ; Mrs. W. K. Clifford ; 
“ Rita ” (Mrs. W. Desmond IlirMPiiREYfe) ; Mrs. 
L. B. Walford (b. 1845), autlior of “The 
Mischief of Monica”; Miss Helen Mathers 
(b. 1853), author of “ Coinin’ Through the 
Rye”; Mrs. Katharine S. Macquoid ; Mrs, 
Campbell-Praed (b. 1852), and Mrs. Thurston, 
author of “ John (Jhilcotc^ M.P.” 

The Literary Life. With this very 
brief glance at the more noteworthy novelists 
of the day, each of whom has written 
at least one, and many of them several 
books well worth reading, we have arrived 
at the end of our study of English prose 
fiction, and, indetMl, within sight of the 
end of this coiir.’c in English Literature, for 
w)«at is to follow is merely in the shape of 
appendices, in which wo shall endt*avour to give 
in tJie brieh'st outline some courses of reading 
in classical, foreign, and American literature. 
Most of the other courses in the Self-Educator 
aie concerned with tlic direct application of 
kiiowUnlge to the daily conduct of life an<l 
business. This course in LiteraturtJ has heiTi 
designed chiefly for the general reader, that 
it might aid him to the intelligent study of 
our great wi’iters and those winters who, though 
falling short of greatness, hav(’. still something 
to tell that will add in soim; measure to his 
intellectual enjoyment. The career of the pro- 
fessional man of letters is in some ways tlu' 
nol)l<*st and the most attractive of all, but the 
way to it lies through much tribulation, and is not 
lightly to be imten^d upon, unleas the aspirant 
lias as clear a “ (!all ” for tlu^ work as the candi- 
date for the pulpit is supposed to have. We 
have made it no part of our bu.sines.s to indicate 
lo the literary aspirant what his course of action 
should lie, but in the course on Journalism, 
which immediately follows that on Literature, 
the aspirant will find how the door may be opened 
that leads to success in literature. For it is worthy 
of note that by far t he largest number of authors 
whose names are familiar to the reading public? 
have made their way to reputations in literature by 
entering the world of letters through tlic humbler 
but more easily opened door of journalism. 
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THE WORKING OF COAL 

Undergfround Roads. Different Methods of Dislodging^ and Removing 
Coal from its Bed. Machines in Modern Coal Mining Practice 


By D. A. LOUIS 


*irHE first point to consider is the support of 
tho shaft and the building and machinery 
on the surface, for whatever is taken out 
below will leave a space into which the roof 
will sink, and so in succession all the overlying 
strata, and presently the surface ; moreover, 
should the shaft come within tho sphere 
of influeneo all sorts of trouble would ensue. 
Therefore, a block of mineral around the shafts 
is left intact, except for the roads driven 
through it. It is known as the Hhfijt pillar, indi- 
cated at the bottom of 88 and 90 and at tho 
top of 89. It is usually rectangular, with the sides 
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86. COAL-FAOK, \MTir Tirfi, I’KOPS, AND OOAF 

measuring from two-thirds to the whole depth of 
tho shaft ; thin seams require smaller shaft pillars 
than thicker ones, and shallow seams Icsssupport 
than deeper ones. When once the extent of the 
shaft pillar is decided, the method of working is 
the next question that arises, whether long watt or 
pillar and stall methods will be employed. 

Longwall Working. The longwall is the 
simpler method, and, conditions being favourable, 
is usually adopted. Galleries to form the main 
roads are driven in pairs for the sake of ventila- 
tion. One road serves for the fresh air to 
travel along, and is known as the intake 
air-way, while the other serves for the 
air that has traversed the mine to roaeh 
the upcast shaft, and is known as the 
return air-way. When these roads have 
passed through the shaft pillar — and long- 
wall a>dvancmg is the method of working 
followed — tho extraction of the coal may 
commence at once. A passage-wny is cut 
in the coal, right and left from the main 
roads, tho coal being loaded in the tubs and 
taken away, while timlx*r posts or props, 
and sometimes chocks as well — the small 
^uares on figure 86 indicate chocks — are 
insei'W to support the roof. The tramlines 
are laid along this jmssage, so that the tubs 
or little waggons can be brought right up 
to the expewed surface of cow, called the 
jace, ^ arrangement at a longwall face is 
shown in elevation in 85 and in plan in 86. 
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The coal is then cut away in slices. To do this, 
the miners hole or undercut the coal — that is, 
make a long, narrow cut in a convenient position 
— with picks, all along the face, supporting it as 
th(^ cut deepens by short props called sprags ; 
and frequently the coal is further supported by 
a horizontal timber held in position by a prop 
below, and another jammed against the roof ; it 
is known as a coker meg. Undercutting by hand 
is illustrated in 87, and shows the method of 
cutting in the middle of a seam. When tho cut 
is sufjiciontly deep, and taken far enough along 
the face, a vertical cut is made, nicking, to 
loosen the undercut coal from tho 
adjoining mass ; then the sprags are 
withdrawn, and if the coal docs not 
fall down of its own account, it is 
brought dowm by wc^dging or blasting. 
The (u>al is loaded into the tubs and 
trammed away, and another row' of 
props is put up between the first row and 
tile now face. Any waste brought down 
w ith the coal is packed up behind the 
miners, in the space from w'hieli the 
coal has been removed, making rough 
soils of walls, which support the roof 
to some extent. This w'aste area is known as tho 
gob or goaf, and the piles of rock as goaf jMcks. 
Two rows of props are always kept' behind the 
minca% but when the third row of props is put in, 
the hindermost props are drawn out and used 
again ; the roof then sinks on the goaf packs. 
So the order of operations at the face is under- 
cutting, spragging, nicking, withdrawing sprags, 
bringing down coal, loading it up, tramming it 
away, building up packs, setting up fresh props, 
advancing tramlines to new face, and with- 
drawing bfUik props. In course of time the 
roof fails luid loosely fills the goaf. Special 
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precautions have to he observed when drawing 
props. 

Underground Roads. It is obviously 

useless to attempt to work a long face ai coal 
with only one connection with the nuUn road, 
as the back waggons would always bo 
delayed by those in front, and vice versd ; 
therefore, the face is divided into convenient 
lengths called stalls^ each stall being served 
by a road called a sUiU road, which is kept 
open in the goaf by means of walls built of the 
rubbish, called pack walls or packs, and those 
stall roads run into other roads knovn as levels 
or gales, branching obliquely from each side of 
the main rood ; they should not, however, start 
opposite each other. The levels are also made in 
the goaf. All roads in the goaf &ro troublesouio 
to keep open; therefore, as the face advances, 
new levels are started to intersect the stall roads, 
so that the latter are kept as short as possible, 
inasmuch as that portion of each stall road 
behind the 
new level is 
abandoned, 
and c o n s e - 
qucntly ceases 
to require at- 
tention. For 
the same 
reason, sys- 
tems of inter- 
mediato roads 
arc frequently 
I introduced to 
shorten the 
^tos or levels. 

the diagram 
of an actual 
longwall work- 
ing shown [88] 
the gates and 
levels are 
taken right to 
the coal face. 

The c on - 
tinuous lines 
show the roads 
still in use ; the dotted lines, those abandoned 
in the goaf. 

The direction that is given to the face is deter- 
mined by convenience or by selection, and where 
the cleavage or cleat of the coal is strongly 
marked, the coal is worked more easily with the 
face running parallel to the cleavage pianos, or, as 
it is called, oafrord ; but more coal in largo pieces, 
or round coal,is obta.ined where the coal advances 
at right angles to the cleat, or on end. When the 
coal is wor»>d at an angle of 45 deg, that is, be- 
tween on bord and on end — it is said to bo worked 
<Hi the cross. The most expedient practice should 
bs adopted, hence it happens that the longwall 
faoe is by no means always a long continuous 
face, but various kinds of sectional or stepped 
laces are introduced to meet special conditions. 
The step faoe in an inclined seam really resembles 
Btope in vein minirg. 

X^ongwalt Retraatiug. Longwall retreat- 
ing is another modification of longwall. In 
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this practice, main roads and gates arc driven U> 
the toimdary, and the coal is worked back to the 
shaft. In this way the goaf is left behind, and no 
roads have to l>o mainlaincd in it. Fig. 88 iUus- 
trates this method of working. Tlie main roods 
are driven to the boundary of a i>ancl, then two 
sets of lu*adirig8, AA, BB, are out, and then the 
connecting roads ; ultimately the remaining c;oal 
is worked back in stepped faces, as indicated ; tho 
shading show s the part already workid out. 

It will h(i observed that in longwall retreating 
the mass of coal is really divided up into solid 
blocks, with roadways separating them, and 
approaches slightly to the next method of 
w'orkiug coal to bo considered. 

Pillar and Stall. The method known as 
pillar and stall, post and stall, hat'd and pillar, 
or stoap and room, as it is (^alled in Scotland, 
is adopted whoa the conditions are not suit- 
able for longw^all working. In it the coal is 
removed in two stages, the first Btrige known as 

uHjrking in the 
whole, and the 
second stage 
as utorking in 
the broken. In 
the first stage, 
tho coal is 
divided into 
rectangular 
blocks, or 
pillars, by 
roarls driven 
at right angles 
to each other, 
but leaving 
sulQficient coal 
Qu each side 
to protect tho 
main roads. 
The roads 
driven parallel 
to the cleavage 
of the coal 
are knowm as 
walls, and 
those driven 
at right angles to this cleavage as betrds. The 
bords artj driven 4 yd. or 5 yd. wide, and tho 
w'alls 2 yd. to 5 yd. wide, while pillars 40 yd., 
50 yd., fiO yd., and more square are left, or some- 
times the bord side is made longer than the wall 
side. The roof is allowed to fall in those vacated 
spaces. Some .‘10 to .*15 i>er cent, of the coal b 
taken in tho whole w'orking. Small pillars aro 
undesirable, because they themselves may get 
crushed if roof and floor are hard ; whereas, if 
the floor be soft, such pillars press in the floor 
and cause it to work up in the bords and work- 
ings, producing what is called creep, which dis- 
locates all arrangements. Fig. 90 is a diagram of 
one form of this method of working. The tlia- 
gopal lines indicate the worked-out jwrtion and 
pillars partially robbed, os tho case may be. 

WorlUng in the RroKen. Working in 
the broken or robbing the pillars is the opera- 
tion of the removal of the coal left as pillars 
by the working in the whole, and this is 
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poriods of brisk trade can be more readily 
responded to. 

The features to be desired in a coal-cutting 
machine are : strength of structure and work- 
ing parts, durability, convenience of o^ieration, 
protection of working parts, sufticiency of bearing 
surfaces, freedom of access to working parts, 
amount of small coal produced, adaptability to 
different conditions, simplicity of cutter 
picks and convenience of changing 
them, the amount of dust anti noise 
made in w'orking, intertihangeability of 
piirts, and amount of pow'C'i* required 
to operate. And almost every machine 
invented claims advantages in these 
and other desirable res|X‘Cts. 

The object to be aehicvcHl is, of 
cours(% to cut a iKnizontal groove of 
adequate depth, from 2 ft. 9 in. to 7 ft. 
according to eireumstances, in or be- 
neath the coal. Ill is is done by means 
of cutters wliich are brought into con- 93. 
tact with the coal or rock and are 
mode U> travel witli sufficient speed to abraid 
the coal and so to cut the groove. Ft>r this 
purpose the cutbTs are set in various fashions 
in different machines, for instance, round 
the rim of a wheel, making a sort of circular 
saw ; in the links of a eliain, making a sort 
of band saw’ ; or spirally on a bar. llien 
two machines of the rock-drill class are also 


a pulley attached to a prop, set in advance, and 
thence back to the machine, so that, as the rope 
is wound on the machine by means of gear 
turning the drum, the machine itself is pulled 
along 

Til cliain coal cutters, a travelling chain carry- 
ing cutters replaces the disc, otherwise tlie cut 
made is similar. With bar cutters, however, the 
action is different, and 94 shows the 
working parts of an electrically driven 
bar coal cutter. Fig. 98 a single 
cutter. 

The Pick-Quick Electric Coal Cutter 
[941 consists e.ssentially of five parts : 
the cutter-har (A B), the gear head 
(LMNO), the (S), the switch box 

(T), and hauling gear (WX). 

cutler bar is of nickel steel and 
tapered, and is provided with cutters 
[A] arranged spirally and a spiral 
thread [B] to act as a worm con- 
veyor for bringing out the (jutting. 
Tlic gear head encloses the main gear- 
ing, whicb consists of a pinion on the mortar 
shaft which drives a double lx‘vel wheel, whic.h, 
in turn, drives the cutter bar pinion, with a reduc- 
tion of 2 to 1. The rnotor may be either direct 
eiinvnt or alternating current, and the smtehes 
and resistance, arc enclosed in a flame-tight 
cast-iron box. The haulage gear is also worked 
from the motor, and iht^ rate is adjustable. 
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used for holing. Tlierc are a few mechanical 
points that are common to all ty].)08. For 
instance, they comprise engines usually worked 
by compressed air or elect riidty, ivith gearing to 
set the cutters in motion. They are mounted 
on skid«, or rollers, or flanged wlu’els running 
on rails, and most of them are provided with 
an adjustable hauling arrangement by which 
they can pull themselves along tlie front of 
the coal face at any 
rate required. 

The illustrations [91 
and 92] will convey a 
very good notion of the 
w-orking of a disc coal- 
cutting machine. The 
former figure show’s the 
cutter just entering the coal face, and the latter 
shows the fallen block of coal which has come 
away very clearly. Tlie arrangement for moving 
the machine along the face consists of a light steel 
rope passing from e. drum on the machine round 
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The machine can be adjusted to hole at any 
height from floor level upw’ards, and can be 
mounted on track wheels, fiat tread wheels, 
or skids, and can be flitted or w’ork its way 
buck. There are, also, compressed air bar 
cutters. 

Dislodging Mineral without Explo- 
sives. At times, explosives are inadmissible 
or inext>edicnt ; hence, various other means 
have been introduced 
to get the stubborn 
holed mineral in which 
boreholes have been 
made. Cartridges 
made of lime have b^n 
used. Several of them 
are placed in the hole, 
and are then treated with water ; they expand, 
and so force down the coal ; but those only act in 
certain classes of coal. By far the most frequent 
substitutes for explosives, however, are wedges 
of different kinds— w’edges with feathers, w^edges 
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with roller bearings and 
feathers* hydraulic wedges 
and multiple- wedges are 
examples. In the case of 
the multiple wedge [96] the 
feathers are first placed in 
position, the split-wedge is 
driven between them as 
shown (B), and if necessary 
a third wedge is driven be- 
tween the halves of the split- 
w^eclge ; C shows this and the 
effect on the surrounding 
coal. 

Conveyers at the 
Coal Face. With the ad- 
vent of the cutter, occasion 
has arisen to expedite the 
removal of the fallen stuff 
from the face to the main 
roads, and recently conveyers 
have been introduced for the 
purpose. They are crectt)d on 
movable supports along the whole length of the 
face ; the ('oal is easily loaded on to them, and 
is at once run away to be deposited into tubs 
waiting at the end of the conveyer, thus ob- 
viating the toilsome functions of the putter f)r 
the man who manipulates the tubs ut the bice. 
The conveyer is easily kept up to the face. 

Improved Timbering. In various 
figures it has been showm, or it has lj<?en men- 
tioned, that timber props, timl)er bars, and 
timber chocks or cogs are very generally 
used to support the roof in coal mines much 
in the same way us in metal mines. But it 
will Ik' seen that the traffic is considerably 
greater in coal mines than in metal mines, and 
the main roads are generally correspondingly 
larger ; moreover, many roads in coal mines 
have to be maintained in ground filled only 
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w'ith rubbish. Now, any disturbance of 
main road m(‘nns dislocation of the wdiole 
area concerned, whicdi is very serious now adays, 
when work must be done expeditiously to bo 
remunerative ; moreover, oiK^ of the most 
fertile sources of accidents injurious to iho 
men is the falling of the roof, ifence it has 
Ix^eome customary in many collieries to replace 
timber supports by stec^l ones. We have already 
referred to such substitution in the case of 
metal mining, and now show an application of 
this improvement to coal mining. Various 
practices have been introduced ; . the one now 
illustrated is that followed by IVh*ssi‘s. William 
Firth, Ltd., of Leeds. Fig. 96 shows steel 
props set at a coal face with wooden caps, 
llic^se props are made from ordinary steel 
gilders of section by cutting a piece out of 
the web at each end and turning over the top 
and bottom llangc\s until they meet and make 
a fiat top and liottom that will not cut into 
the roof or Hour or lid. Steel girders are fre- 
quently used in a coal mine road ; they arc not 
only strongt r than timber bars, but they Ixmd 
under great prc'ssure, and so give warning of 
the settlement of the roof. Tlien when bent 
they can Ixi used again with the convexity 
upwards or else bo straightened" and us(d 
again. 

Special Timbering. A word may be 
said here, wiiicli would also apply to vein 
mining, in reference to driving through loose 
ground, by what is knowm as apillhig or spiling^ 
and which (?onsists in supporting the weak parts, 
roof, sides, or floor by driving poles or boards 
over the last set of timber, 5 ft. or 6 ft. in advance, 
and supimrting them by a temporary set of 
timber until tliey arc far enough advanced to 
p(*rmit of fixing a permanent set, the ground 
being excavated the while to facilitate the 
passage of the boards. We shall now turn our 
attention to the means employed for getting 
the broken material from the place where 
it is deposited to the place where it is 
required. 
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Transport VJnderground# We have 
Been that in metal mines the usual practice is 
to run the', broken material in single tram 
waggonloads by hand to the shaft, and the same 
practice is in vogue for conveying tubs of 
coal from the face to the nearest main road. 
But on these latter roads the tubs travel in 
trains, and either horse or mechanical haulage 
is employed. This is also done in many metal 
mines when the gallerh's are very long or when 
the waggons are run in trains. 'I’lie use of 
ponies was formerly the general method : and 
sueli practice is still much followed. When, 
however, power is available, locomotiv(‘s 
driven by eom pressed air or electricity may 
be found hauling trains of tubs m many 
mines the world over. Fig. 97 shows this 
mode of transj)ort. But in most, eullieiies 
traction of a less intermittent eharaeU*r is 
preferred ; that is, an arrang<‘ment that can be 
always available to take in the tubs just as 
quickly as they are brought along from the iiuw 

Self-acting In- 
cline. A favourite* 
method, when the 
material has to bt* 
brought from a higher 
to a lower level — e>nc, 
too, that is eejually ap- 
plicable above ground 
— is the self-ewJting in- 
cline. In this praetieM' 
the load tubs in their 
forward irrogress are 
caused to haul ii)> the 
empty ernes on their 
way to the working fae^e* 
to be refilleid. An el this 
is c‘lTe»eted by having a, 
wheel or drum fixe'd at 
the top of the incliin* 
round which a rope* 
passes. To e)ne eiiel of 
this rope the full tub, or 
tr.iiii of tubs, is attached, 
and to the other end 
the eunpties. "J’iie* \^ heel 
brtike, so as to e*ontrnl 



is prervided with a 
tlu* speed, anel Uu* 
inedine is best niadei stee‘p at the top and Hat at 
the be^ttom, to (‘nable^ the load to start cpiiekly 
and to be*, ea.sily slopped. Fig. 98 is a view e>f 
the self-acting incline above ground. 

Single-rope Haulage. AVhen, however, 
the material has to be drawn up an incliiu*, 
what is known as single -rope haulage, may be 
employed. A drum and engine, are provided at 
the head of the incline ; the forrm*!* is furnished 
with a good brake, and can be thrown out of gear 
with the engine. This tak<*s place wln‘n a train 
of em]ity tubs is lowered, for tlu^y are run down 
on the brake, and take the rope with them. 
When they reach the bot tom, the rope is changed 
from the empty to the full train, the drum 
thrown into gear, the engines started, and the full 
tubs are hauh.'d to the upper level when required. 
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Maln»and»«ail Rope Haulage. When, 
however, the levels of the road are irregular, or 
the incline is nOt steep enough for the empty 
tubs to run in-bye and draw the rope with them, 
then what is known as tnain-and-tail rope haulage 
is often adopted. There are two ropes. The 
heavier, or main rope, is the full length of the 
engiyie plane or road, and, passing from the engine, 
is attached to the front of the full train, and 
hauls it to the pit bottom ; it is llien transferred 
to the rear of the empty train, and follows it 
in-byc. The lighter, or tail rope, is twice the 
length of the engine plane, and passes round a 
pulley at the in-bye end. It is attached to the 
front of the em])ty train on the in-byc journey, 
and to the rear of the full train on the out-bye 
trip. The haulage engine in this case has a 
drum for each rope, eitlu^r of which can be 
tlirown in or out of gear as required, and each is 
provided with its own brake. 

Endless Rope Haulage. In this 

system an endless rope exbmds from one end of 
the road to the other, 
passing round a retiiru 
wlu'ol at the in-byc end. 
The rojx^ is kept tra- 
velling slowly by an 
engine placed at the 
surface or underground ; 
in the former case the 
rop(‘s are taken down 
the shaft. The tubs arc 
bung to the rope either 
singly or in sets, and the 
rope? may travel above or 
below th(*m. There are 
many ways of attaching 
the tubs to the rop(‘. 
A common and simple 
means in ovcr-hnnlage 
is known as the S-clip. 
It is a clanq) of round 
iron, l)ent to a double 
U, and pivoted at the 
centre of the tub. It 
grips the rope a shorti 
ilistance away along a lim* whieli is not over the 
centre of the track ; hence, there is a slight 

sale pull, and siillieient grij) to move the tub 

along without doing the rope much harm. 
Lashing chains may also be used in this (*ase, 
l>ut in imiler -haulage a clip must b(^ used to grip 
the rop<*, and Fisher's clip is. an example of such 
an npplicanoe. It consists of a liook, which is 
hung to the draw'- bar of the tub, and hinged 
jaws, 'with a recess, t-o hold the rope ; a sliding 
collar servt^s to lock the jaws, and the tub is 
released by knocking up this collar. Endless 
rope haulage requires in addition, driving pulleys, 
tightening pullc'ys, or other means of taking up 
slack ; gukling pulleys and rollers ; frequently, 
too, automatic detachers are introduced for re- 
leasing the tubs at the end of the journey. In 
some few cases an endless chain is used for 
haulage. 


SKLI’ ACTINO IXCLT.NK KOK ORIC 

JJOWaN TO A STATION 


3566 


TABULAR BOOKS s- BANKRUPTCY 

Group 7 

CLERKSHIP 

Hotel Books. Visitors* Ledger. Gas Company's Rental Ledger. Bankruptcy. 

25 

Statement of Affairs. Deficiency Account. Compositions. Proofs of Debt 

i'lifitinunl I'tuiii 
lU'iO 


By J. F, G. PRICE 


•yHE student has already been introdticed to 
* the subject of tabular bookkeeping, although 
it has not hitherto been referred to by that name. 
Specimens of books kept on the tabular system 
were given in the petty cash book on page 40^1, 
the three-column cash book on page 770, and 
the eohimnar purchases book shown in the pre- 
vious article. Tlic leading principle which those 
lx)ok8 were designed to illustrate is that items 
of a similar nature are capable of classification in 
the books of first entry, and that such classifica- 
tion has the effect of shortening the work of 
making the final entries in the ledgers of the 
concern. Tlie principle is c‘apabl(^ of consider- 
able expansion in many directions in various 
businesses and institutions. 

Tabular Cash BooK. TJealing with the 
cash book first, it may be pointed out that this 
ivS the most important book in such institutions as 
charities and hospitals where, if a suitable form 
of cash book is prcj)ared and the book carefully 
kept, there is frerpumtly no need for any further 
financial record, as it is a simple matter to 
prepare a summary of the cash book at any time, 
showMiig the position of the institution. As ho 
trading is carried on, no profit and loss a(H*ount is 
necessary, the principal account required by, 
and submitted to, the board of inanagement 
being an account of receipts and payments, with 
a slaUunent of outstanding liabilities to dale. 
The latter can easily be prcparecl from the lilc^ 
of unpaid accounts, and if that is kept uf> to date 
the (combined cash summary and liabilities state- 
ment should be all that is required, 

Tlie reason that the tabular system is so suit- 
able for these institutions is that all their rc- 
C(*ipt8 and payments fall under a few well-defined 
heads. For instance, the receipts of a hospital 
consist of subscriptions, donations, patients’ 
payments, legacies, and income from invest- 
ments and properties. Many of them also 
receive grants from King Edward’s Hospital 
Fund and from the Hospital Sunday and Satur- 
day Funds. 1116 receipts side of the cash l>ook 
might therefore be ruled with columns providing 
for each of these classes of income, . further 
columns Iieing added for items of miscellaneous 
receipts and for the total. The payments wfill 
cansist of the salaries and wages of the medical, 
nursing, and clerical staff, rent, rates and taxes, 
tradesmen's accounts, drugs and appliances, 
r^airs^ and miscellaneous expenses. Columns 
would be provided for each head of expenditure 
and for the total. 

Advantage of Clasaincatlon. In the 

case of the large London hospitals, such a 
hook as this woim, of course, not be sufficient 
to Ireootd all the financial transactions ; but 
even in their cases, such a cash book is of the 


utmost value in curtailing the clerical work, 
inasmuch ns it classifies the items, and eiiabh's 
the postings to the general IcdgcT to he made 
in total monthly. 'J’ho accounts to which the 
receipts art' posted are not, of course, the yicr- 
simal accounts of the donors, subscribers, etc., 
hut nominal Jiccounts for subscriptions, dona- 
tions, or as the case may be. 

In trading concerns, besides the thrw usual 
columns for discount, cash, and hank, it is very 
useful to have oh Ihe debit side a column for 
recording all n^ecipts in n^siiect of cash sales ; 
and on the eredit side, ii similar column for cash 
ymrehases, as the necessity for posting such 
items in detail to the purchases and sales 
accounts is theri'by obviated, all that is required 
being that the totals of the columns should lie 
posted at tin* end of each week or other suitable 
j)oriod. Furl her, in dealing w'it h the system of self- 
Imlaneitig ledgers, w^c saw that unless separate 
cash hooks were kept for each ledger, columns 
were necessary on each sicle of the cash l30ok 
to record n'ceipts and j)ayments relating to 
accounts in the respective ledgtTs, I’he student-, 
therefore, pi'rhaps unconsciously, has gradually 
hi'cn becoming acquainted with the tabular 
system in relation to the cash book. A form 
of tabular punbases and salt^s book was shown 
and ('xplained in detail in. the previous article, 
and lu'cd not c(>nsc(|uentiy he further dealt 
with now. 

Tabular Lredgers. Tliis brings us to 
the subject of tabular ledgers, the method of 
using vvhi(*li may not at once be appar<‘nt to the 
rt'ader. Probably the greatest use of such a 
k'dger in trading concerns is made in hotels where, 
in large (\stahlis}j merits, t hen* would bo thousands 
of pt'i’senal accounts in the coiinse of a year. The 
(4iargi^s to visitors consist of items of the same 
kind day after day, and it would manifestly he 
iinpracticahle to have ledger accounts for the 
visitors on the Uvsual lines, debiting them daily, 
and crediting the various accounts of the articU'S 
supplied, such as apartimuits,. provisions, wines, 
etc. The staff required to keep books on such 
principles in a large hotel would be almost equal 
t-o that required to run the concern, and would 
not even then b(5 such as to satisfy the require- 
ments of the yiroprietor. To meet this difficulty, 
a form of book has been devised known as the 
Visitors' Ledger, which saves a considerable 
amount of labour, and yet gives all the informa- 
tion required for the general accounts of the busi- 
ness. An abridged form of suoh a Icjdger is shown 
on the next page. The entries in it are made 
cither direct from slips supplied by waiters and 
other servants of the hotel, showing the charges 
to be made against each visitor, or from a dav 
book m which the slips have first been recorded. 
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The entries in this ledger require little further 
explanation than they furnish in themselves. A 
page of the book, or more, if necessary, is set 
apart for each day. The charges against each 
visitor are entered in the manner already 
mentioned, and cross-cast into the daily total 
column. Any amount brought forward from 
the previous day is added, and the total entered 
in the grand total column. If the visitor pays 
his account, the amount is entered in the column 
provided for tlu? purpose, and the account 
thereby closed. If he does not pay, the amount 
is entered in the carried forward column, and 
will appear on the page ff)r the following day in 
the. brought forward column. Any overcharge 
or othc^r allowance to which the visitor may l)o 
entitled, is entered in the a])propriate column, 
and should any visitor leave without paying his 
aeeoiint, or if, for any reason, any amount is left 
unpaid after a visitor has given up his room, 
the balance due from him is carried into an 
ordinary ledger, wh(;rc an account is opened in 
his name, on which he is debited with the amount 
he owes. 

Connection with General Books. The 

totals of the first sixteen money columns are 
entcrc'd daily in a summary ruled with corre- 
sponding columns, and at the end of a month a 
journal entry is made debiting Visitors' Account 
in tJio g(uieral ledger witli tlie grand total, 
and crediting the various nominal accounts 
with their respective totals for the month. 
The', visitors’ a(;couiit would then be credited 
with the cash received, and allowances made, 
and thi^ balamte of the account would rc- 
])n‘s<*nl the sum then duo from visitors, and 
should correspond with the amount carried 
forward in the visitors’ l(‘dg<‘r on the last day of 
the month. 

Before the totals arc' entered in the summary 
daily, <^ani must, of’ coui'so, he takc'U tliat the 
cross-east, agrees with tJie sum of the daily 
total column ; and any disiUHqmney he rectitied 
before the transfer is made. 'J’he daily total, 
plus the amount brought forward, m\ist agree 
with the grand totals column, which, in turn, 
must equal the sum of the last four columns 
iii the ledg<*r. The “amounts paid” colmnn 
should be carefully checked with the “ visitors’ 
cash ” eolunm on the debit side of the general 
cash hook. 

Visitors’ Accounts. The accounts ren- 
dered to visitors are prepared on the same 
principle as the kidger, the only difference 
l)eing that the form is ruled to cover a week. 
Columns are provided for each day, and 
for the total, while the different items of 
charge are shoAvn one under the other instead 
of tis ht'adings of columns. The great advan- 
tage of rendering bills on this system is that 
they can bo compiled day by day, and will 
be ready at any time a visitor calls for his 
account upon leaving. 

The tabular ledger we have been considering 
owes its form largely to the necessity of carefully 
analysing the debits to the visitors, in order to 
ascertain the revenue under the different heads 
over which- the income of an hotel business is 
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spread. But there is another class of under- 
taking in which tabular ledgers are not less 
valuable, Avhere the income is derived from 
practically only one source, but where there are 
many debtors with whom transactions take 
place only at regular intervals and then at some 
distance of time. Examples of such under- 
takings are gas, water, and electric liglit com- 
panies. This form of ledger is suitable also for 
the rate-collecting department of municipal 
authorities, and for the rent-collccting depart- 
ment of a large estate. The form reproduced 
on this page is ruled in a manner specially suit- 
able for a gas company, but it will be appart'iit 
to the reader that it is capable of b<‘ing 
adapted to the requirements of any of the busi- 
nesses mentioned, and, iiideed, to many otJiers. 


This form practically speaks for itsi‘lf, an<l 
very few words are necessary to elucidate it. 
The amounts due forg<vs consumed are obtained 
from the books of tlu5 imui (‘inployed as iucUm* 
readers, who make a quarterly inspi'ction of the 
meters for the purpose of - obtaining the par- 
ticulars. The meUn* and other rents follow a 
fixed scale. Any charges other than those of a 
standing chara<M.er, are not dealt with in this 
ledger, but arc treated s(‘pa.rat(‘ly. and apjiliea- 
tioiis for amounts due for fittings, cunneetioiis, 
etc., will be dealt with by another department. 

Bad Debts Ledger. Any debts regarded 
as bad, although entered in the eolumn for that 
pur})ose, are not thereby abandoned or neglected. 
Tlie accounts are elo.sed so far as this particular 
]edg(*r is eoneei •nde, but tliey are transfened to a 
Bad Debts Ledger, whieli i.s also ke})t in a tabular 
form, and gives brief particulars of the nature, 
amount, and age of the debt. It is convenient 
in many businesses to keep such a ledger, for 
w'ln’le a trader does not wdsh to encTirnber his 
ordinary ledger wdth accounts which may Im; 
r(‘garded as dead — although there are balances 
due on them — he does not wish to lose sight 
of them. They are, tht^refore, transferred to a 
book whicli is largely in the nature of a register, 
in which only one line is devoted to each. They 
are thus in a form callable of easy supervision, 
and although not regarded as assets from the 
accounts point of view, they may, with <;areful 
watching and nursing, result in something being 
ultimately recovered. 

^ ^rho law of bankruptcy, as it exists to-day 
itudcr the Bankruptcy Acts of 1883 and 1890, 


works, and is iuf ended, as much for the pro- 
tection of the debtor as of tin? creditor. 'I'lie 
term bankrupt is generally applic^l ratli(‘r loosely 
to any jx'rson in a state of commercial insol- 
vency ; but, struitly, it should h(‘ usi'd only in 
rt*ference to a person who has be(‘u a<ljudicatcd 
bankrupt by the Court, 'rhis statement necessi- 
tates an explanation of the steps which must be 
taken before tiu' stage of adjudi(*ation can he 
arrived at. 

The first step in bankruptcy proceedings 
is the ])rcseiiting of a petition to the Court 
by a creditor or creditors for at least £50, 
asking that an ortler, known as a Ttvevivinq 
Order he made against a debtor. K\(‘ry peti- 
tion must based upon what is known as an 
act of bankruptcy. '^J'herc are several of 


these, and they (‘onsist of acts iiulicfaling 
either insolven(‘y or an intention on the part 
of the debtor to defeat or delay Jiis credi- 
tors by mor(5 or less fraudulent means. The 
act of bankruptcy upon which the majority 
of petitions an* j)n‘sonted is known as failure 
to comply with the terms of a bankruptcy 
notice. This is a notice served upon a debtor 
by a creditor who has obtained judgment, 
requiring paynH'nt or security to the satis- 
faction of the creditor within seven days. 
If the terms of tin* notice are not complied 
with the debtor has committed an act of 
bankruptcy u])on which a petition can be 
fouiide<l. Bankruptcy busin<*ss is dealt with 
by a ]>artieular division of the High Court, 
and also by certain of the County Courts, 
and upon ])resentat ion of a ])etiti()n a day 
is ap])ointed to hear it. If the court is satisfiod 
that it is e(|uitable that a receiving order should 
be made it directs accordingly. 

The immediate eMeet of a receiving order 
is that j)ossession of the debtor's ])roperty 
is taken by an otlicer of the Board of 'Frade, 
know n as the Oflieial Receiver, and it becomes 
th<} duty of the debtor to lodge within seven 
days a statement of his allairs. 

Statement of Affairs. The state- 
ment must be in a form prescribed by tlio 
Board of Trade in accordance with the Bank- 
ruptcy Acts, and it is in connection with 
this statement that we are now principally 
concerned. Several schedules are provided 
in which have to be entered (1) the dilT(jrent 
classes of creditors in three groups, («) those 
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holding no security, (h) those holding security 
to the full amount of their claims, (c) those 
holding security for less than their claims ; 
(2) liabilities of the debtor on bills Avhieh he 
has received from customers and others and 
subsetpiently discounted, and upon which ho 
is, therefore, contingently liable as endorser ; 
(.*1) other contingent liabilities ; (4) claims 

of the landlord for rent, which he can recover 
by distress ; (5) claims for rates, taxes, wages, 
etc., by creditors who are given a special 
priority over others against the general assets 
not specilieally charged to seemed creditors. 

A form is also provided in which the debtor 
has to set out fully the whole of his property 
apart from hook debts, for which a special 
sheet is provided. A separate form is also 
supplied for any bills of exchange which he 
has on hand available as assets. Whtui thesci 
forms have been completed they are sum- 
maris(‘d on a sheet in the following form, 
ibis sheet being known as the Front Sheet : 


Front Sheet. It will be observed that 
this statement resemhU's in some degree 
an ordinary balance-sheet, in that it is in- 
tended t(/ show the as.sets and liabilities 
of the debtor. A balance-sheet of a going 
coueorn is, however, prepared upon the 
assumption that there is no immediate necessity 
for the realisation of the property; which can 
therefore ho stated at its value to the pro- 
prietor from tlio view of utility. The pro- 
perty of the debtor, on the other hand, is 
valued upon the basis of early realisation; 
it may be iis a going concern, but is probably 
at break-up prices. It will further be noticed 
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that some creditors, being given by law a special 
priority or preference, arc entitled to payment 
in full before the ordinary creditois receive any- 
tliing. The amount of their claim is, there- 
fore, deducted from the total of the assets 
and the balance is the amount available foi 
the ordinary creditors. 

From the nature of the necessity of the pre- 
paration of the statement of affairs it is un- 
lik(4y that the assets will exceed the liabilities, 
and there is, therefore, generally a deficiency 
of assets to meet the claims of the creditors. 
Even when a siiiplus is shown on a statement 
it is nearly always illusory and arrived at by 
the extravagant valuation of assets. 

Deficiency Account. When a defi- 
eieney is shown it has to be explained in a 
further sheet, known as the Delieiencn Acrnvnt^ 
It is required that this shall cover at least 
a year before th(^ leeeiving order and begin, 
where possible, at a time when the debtor has 
a surplus of assets over liabilities. The object 


of the deiieieney account is to show how 
that surplus has disappf'ared, and how the defi- 
ciency shown on the front sheet has arisen. 
The account, therefore, is largely in the nature 
of a profit and loss account and is made up in 
the form as shown on next page. 

The complete statement of affairs has to 
be verified on oath by the debtor and lodged 
with the Official Receiver, who calls a meeting 
of thO creditors to decide the course to bo 
taken in dealing with the estate. They may 
decide to wind it up in bankruptcy, and apjily 
to the Court to adjudge the debtor a bankrupt,. 
If they take this course a trustee may bo 
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appointed at the meeting who will, after 
certain formalities, take over the assets from 
the Official Receiver and proceed to realise, 
them for the benefit of the creditors. When 
they arc fully realised, he distributes the 
proceeds amongst the creditors pro rata, 
after tirst paying liis own remuneration and 
the costs and expenses of the bankruptcy 
proceedings. The distribution of a bankrupt’s 
assets amongst his creditors is called a dividend. 

Public Examination and Discharge. 
After the meeting of creditors, the debtor has 
to attend for bis public t^xaminalion, which 
consists of an appearance in open court, when lu‘ 
is questioned by tlie Official Receiver, the tru.stf‘c, 
and any creditors who may so desire as to his 
past dealings with his pro])ertv. After the public 
examination has been concluded the debtor may 
apply for his discharge from his bankruptcy. 
'Phis application is heard in open court, and 
notice of the hearing is sent to all the creditors. 
At the hearing the Official Rcci'ivcr reports the 
result of hi.s investigations into tlu* d(‘btor\s 
cf)ndu( t and affairs, and the trustee and creditors 
may then be beard against the application. 


by the Official Rt'ceiver after the debtor’s public 
<'xaminatioii has iMaai eoneluded. The Official 
Receiver reports upon the seh(*me or j)roposal. 
and if the Court is .satislied it is for the benebt 
of the creditors, the arrangement is satictioned. 
and the debtor then*by relieved from the various 
disabilities of bankruptcy. 

Reference has been made to creditors who have 
proved their debts. This relates to th(‘ manma- 
in which creditors are required to lodge theii 
claims in bankruptcy proceedings. When tlie 
(Iftieial Receiver issues notices for the meeting 
of creditors he sends out also what is known as 
a form of proof of debt. This is a skeleton form 
of affidavit Avhieh has to be comj)leted and sworn 
l)y the ciu^ditoi*. It states that the debt<n' was. 
at the date of the receiving order, Vnd then is, 
indebted to the person on whose behalf the pro(»f 
is lodged in the sum named thenan, and for the 
consideration staled. Any security held by the 
creditor has to be fully stated in the proof and 
valutKi. In order that the valuation made by th<‘ 
creditor shall he a fair one, th(‘ Ollieial Reecaver 
or trustee has the right in certain eircumstanec's to 
call upon the creditor to deli via* the seruriiy to 
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If the Official Receiver i.*ports that the debtor 
has luaai guilty of certain offences the ('ourt will 
either lefiise the discharge or suspend it for not 
less than two years. The y)rinei])al offences 
w^hieh wall entail this eonsoquenee an* inability 
to pay 10s. in the £, trading with knowledge of 
insohaaiey, speculation, failure to keep proper 
business books, fraud, and previous bankruptcy. 
Tf the discharge is granted the debtor is relic vt'd 
from all liabilit y for debts incurred prior to the 
receiving order hut for one or two \in important 
exceptions. A hankriipt who has not ol)taiiual 
his discharge is not allowed to contract a d('bt of 
£20 without disclosing the fact that he is an 
undi.soliarged bankrujb. If he should do so he 
renders himself liaV)le to imprisonment. 

Compositions. To go back a short dis- 
tance, it should be mentioned that the debtor 
sometimes brings forw^ard at the meeting of 
creditors a scheme of arrangement or a proposi- 
tion to pay a composition of not less than 7s. 6d. 
in the £ in consideration of being discharged 
from his liabilities. If the proposal is approved 
by a majority in number representing three- 
fourths in value of the creditors whs have 
proved their debts, it is brought before the Court 


him upon being ])aid tlie amount of the valuation. 
When no li’uste(‘ is appointed at tin; meeting, the 
Official Keceiver acts in that capacity. 

Trustee’s Accounts and Release. 
Accounts h.ivc to be kept by the trustee, showing 
tin* realisation of the estate, and tlu^ manner in 
which the ))ro(‘i‘eds are dealt with. ’I’he accounts 
are audited twice a year by the Board f)f Trade. 
Wh€*n the. trustee has realised all th(', ass(*ts 
and distributed the sura availabk', he ap])lies 
to the Board of Tratle for his release as trustee. 
He must give notice to the creditors of his in- 
tention to do so, and send to each of them a 
summary of his na^cbjits and jmyments, showing, 
on the one hand, the amount; the assets hav'e 
realised as compared with the estimate placed 
upon tluun in tlu^ statement of atfairs, and, on 
the other, the manner in which the amount. 
nMMUvod has bin'ii expended in payment of court 
and other fees, law costs, remuneration, and 
dividends to creditors. The Board of ’rrade 
audit the accounts to the elo.se of the trustee- 
ship, hear any objcciions by creditors to the 
granting of the release, and either grant it or 
refuse it until the trustee has complied w ith their 
requirements. 
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trado is moro conipU'x than th.at of an iron- 
monger. It einbraees a dozen trades in 
itself, and no man has evta* attained to a thorough 
knowledge of ev(‘ry branch of it. Many of the 
departments, wliieh are sometimes separate 
trades, are eonsidert'd independ(*ntly in separate; 
artiek's in this course. Our eoneern is with the 
young man wlio wislies to open shi^p as a general 
ironmonger.'^ If ht^ has hml a fjraetieal training 
W'ith an ironmonger, the branelies which he will 
eultivabi will vary from those he will (‘X])loit if he 
has ea[)ital, but littU‘ practical exjierieiice. 
Undoubt(‘dly tlie (‘asi(‘st tlepartment to enter and 
understand is that of household ironmongery. 
Builders’ and blat'k ironmongery ccmsiist. of 
merchandise which becomes faiuiliar only after 
long acquaint an(*e. lienee the competition of 
the draper and the sbm's is in household 
ironmongiay. Neither class of ofijiosition has 
entered seriously into the black and luavvy 
<icpartments. 

Capital. The annual turnover of the iron- 
monger is seldom more than doubl(> the amount 
of capital sunk in stock. In a small c(»neern, 
where hand-to-mouth buying is practised, tin* 
year's turnov(‘r may ris<‘ tothri'c times tin* stock 
value, but such a eas«* is (‘xceptional. lienee, for 
a turnovt'r of £l,t)00 per annum, the capital 
available should lu^ not l(‘ss than JCoOd if anything 
is to be allowed for shop tit tings and a f(‘w pounds 
for ca.sh in hand. 'Fhe a])portioning of capital 
upon stock must be decided by local conditions 
and th(^ class of trade the ironmongi'r wishes to 
develop. Tin? live-shilling handbook, ” 'I’he 
Modern Ironmonger,” ])ublisln*d at 4*2, (’annoii 
Stn*(*t, lamrlon, B.C., suggests division as follows. 


and the allotments are as reasonable as any 
general advict; can be : ^ 

Fixture.s, count (‘i s, I'te. .. .. .. 00 

Stock, gen(*ral and furnishing, including 

hollow ware and enamel ware . . . . 250 

Tools and (uitleiy . . . . . . . . 50 

Hrassfoimdery . . . . . . . . 25 

Black and builders’ hardw are . , . . 40 

Sundri(‘s . . . . . . . . . . 40 

£465 

The book mentioned is a valuabh? practical 
guide to anyone contemplating i‘stablishrnent as 
an ironmonger. 

Stockkeeping. The interior of the old- 
time ironmong(‘r's sliiip is enns})ieuously void 
of attract iv(‘m‘.ss. ’Plu* sei(‘nee of stoekke<*ping 
does not lind in tlu* ii oninongery trade the 
following wliieli it does in other departnu'iits 
of retailing. To dniw' h‘ssons from up-to-date 
stoekk«*eping for ironmongi'rs wt* havi* to cross 
tlu* Atlantic*. Many of tlie “ hardware stores ” 
in the Unit(‘d States and Canada lead instt*ad of 
lagging behind in enieumey and attractiveness 
of sliopkeeping nu'tliods. So thoroughly is the 
need for proper syst(‘m n‘(‘ogMis(*d that there are 
a few business houst*s thei'e wlio devote tliem- 
selves (‘xelusiv<‘ly to the making and purv(?ying 
of hardware shop fittings, and they seem to 
thriv’e. W(* s(?l(*et from American practice 
some up-to-date shoptittings, and it will be ad- 
mitted that by system carefully ealeulat(?d to 
suit tlie dilTerent dejiartments of a bardwart* 
slock, an ironmonger's shop may be made, to 
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2. THE .INTERIOR OF A MODEL IRONMON(JER’s SHOF 


look as attractive as that of any other trades- 
man. Fig. 2 is an illustration of a modern 
American hardware store where properly dosigm^d 
fittings have enabled the pajau* parcels to be 
discarded, and nothing meets the eye but 
drawei*s, lockers and glass cas(*s. Figs. 1 
and 3 show in greater detail the system of 
fixtures adopted. The latter arranged for tools, 
is self-explanatory ; the former, shows the drawer 
system of keeping builders’ liardware and brass 
foundery, each drawer having in front a glazed 
compartment in which is jilaeed a. sample of the 
contents of the drawer. Tin* value of such an 
airangcment for indicating the nature of the 
stock without deterioration is obvious. 

The next illustration [4] is of an American 
nail counter, eacli nail bin being mounted upon 
an axle which permits it to fultll its function 
much better than the ordinary fixed bin. Tlu^ 
show stand for scythes 1 5] is convenient in that it 
displays tlie articles well, and olTers no risk of 
injury by exposed cutting edges. The shot 
ea,se [61 is devised so that 


his shelves by acting 
as carpenter. Hard- 
ware shelf boxes 
may be purcliasc'd, 
but. they may easily 
be made by taking 
two stout ])icccs of 
wood of (Mpial siz'‘ 
to serv(^ for back 
aufl front, and l»\ 
lit ting to lh(‘sc a 
piece of shci’t iron 
bent to form sides 
and bottom. Fig. 7 
.shows a litting for 
k(*eping orderly stock 
of ro|)(‘s in coils. 
The coils are beneath 
th(‘ floor, and a 
spring clij) is fix(‘d 
henoath each hole 
to })n*vont the rope 
running hack. Fig. 8 
r(‘])rcs{'nts a shelf 
lifted by an iron- 
monger's assistant 
witli horizontal di- 
viding shelv’e.s of 
wood and small V(*r- 
tical partitions of sh(‘et iron out to size. It 
would ho ditftcult to improve upon such an 
arrangement for edge tools, such as bits, chisels, 
plane irons, (de. 

The list of sho}) fittings given is intended to bo 
suggestive, not exhaustive*. Almo.st <'\'ery edass 
of ironmongery nmy he better stocked by special 
cases or fittings pureha.sed or luunc made, and 
th(^ result of their u.st^ is bett(‘i‘ ki'pf stock and 
prompter .service. 

Shop Assistance. The ironmonger who 
l)(‘gins husinc'ss on the* minimum cajiital ])Ossibh‘ 
will not iKM'd much shop assist aru'c. d’he hclf) 
of an apprentice*, mcs.sagc-boy, oi* porter will 
suffice*. But if is to he hoped that trade will 
d(!ve*lop quickly, and bring tlie need for other liclf). 
Tt is a common saying in ihi* trade that one 
assistant or a])pr('iiti(*e is r(*(iuired for every 
£1,000 of turnover, d’his will be found to bo 
approximately accurate. 

Ironmongers' assistants arc badly paid, al- 
though probably not worse than tlic average' 


e*ach turn of any handler lx*- 

low a glass disc admits into ■' j , n. l 

the drawer beneath exacrtly 
one pound of the shot, so 
that to extract 7 lb. of any 
desired size of shot it is 
necessary only to turn the 
proper handle seven times, 
after which the seooped- 
shaped drawer, the handle of 
which is visible, contains what 
is wanted. 

Home - made Fittings. 

But apart from special fittings 
such as we have described, 
the iromnonger may improve 
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nhopkeeper’s assistant. A few years ago the 
writer investigated this subject to some depth, 
and found that the average salary asked by over 
100 assistants applying for a situation as chief 
assistant was about 30s. per week. Tn London, a 
good young assistant can be engaged for this sum, 
and in the provinces 25 h. or even less will secure 
the services of a youth who has passed through 
a good apprenticeship training. 

Quality of Assistants. There have been 
many complaints regarding the ])oor quality of 
tin; j)rcsent-day ironmonger’s assistant. There 
is reason in tln^ complaint, (lood nu'n have 
ambitions, and in view of the fact that the 
capital necessary to open sho]) is large in com- 
j)arison with other trades, ambitions men without 
capital are prone to enter other spheres, leaving 
the. medioere and poort'r members to pass their 
days b<*hind the ironmongery counter. 

The lronmong(‘rs’ Federated Association has 
recently embarked upon a scheme of practical 
examinations for assistant ironmongers in the 
hope of raising tin? (juality. 'Phe scheme has up 
t.o now achieved only moderate success. It has 
not been shown that the certificate of the 
Association eariies with it an extra rSs. a we(‘k in 


Factors versus Manufacturers. The 

factor — that is, the City wholesaler or com- 
mission merchant, ^vho was always formerly the 
medium through whom hardware merchandise 
reached the retailer — is becoming a less important 
quantity in trade relation. The tendency is all 
iowaids the manufacturer getting into direct 
touch with the retailer. Indeed, the tendency 
is, in some directions, much further. It is some- 
times that the maker gets into direct touch with 
the consumer. The policy v)f ih(» retail iron- 
monger is, of course, all against direct trading 
between the maker and the consumer, and he will 
encourage firms who refrain from this undesirable 
but not infrequent practice. But ho will, on the 
other hand, strive to ))iirchasc as much of his 
stock as possible from the makers and not from 
factors. 

At first, especially if he begin business on 
small capital, this will be difficult, but as he 
feels strong enough to order individual “ lines ’’ 
in larger quantities he wall pass the factor 
for th(5 manufaeturer. It will not be possible to 
dispense with the factor ciitirt'ly. t^or imported 
goods, for instance, (lermaii, French, and Ameri- 
can, the factor must be patronised, lie may 


remuneration, 
and assistants 
grudge the 
time and effort 
to qualify for 
the diploma. 

B n t , a p a r t 
f r o m d i r e c i 
and i m m e - 
d i a t (* ]) e c ii - 
niary gain, tlie 
examination is 
an excellent 
thing, and a 
<’ e r t i fi c a t e 
stamps t h e 
map w’lio has 
won it as having aspirations tow'ards a knowU'dge 
of his trade far aboVe the average. 

Buying. The suec(*ss of a retail ironmonger is 


NAIL CUUNTEK FITTED 


SWINOINO BINS 


often bo patro- 
nised unw’it- 
t i n g 1 y . A 
p r o f c s s i n g 
III a nil faeturer 
may factor half 
t li (5 go o d s 
wliieli ho cata- 
logues, as, in- 
deed, nearly 
every Birming- 
h a m brass- 
foundor does, 
although few 
retailers know 
it, but as a 
gi‘n(*ral ])()licy 
the retailers will try to cultivate relations 
with tli(‘ manufaeturer in preference to the 
factor. 



primarily a question of successful buying. It is 
a good rule to strive to build up a stock the 
individual articles in which are different as far 
as po.ssible, from those stocked by competitors. 
For staple articles — nails, netting, hinges, and 
other thing'! — this is impossible, but by seeking 
different ])attcrns in household ironmongery, 
brassfoundery, ami other elass(*s where variation 
is possible, better prices are usually obtainable. 
It is usually difficult for the man w^ho has been 
wont to buy in fair quantities for an mnphiyer 
in a large w ay of business to reduce the orders 
to the rcquirt'inimts and capital of his own 
modest start, and shipwreck has often been made 
from this circumstam e. When accounts fall due 
for payment, a sovereign in hand is worth two 
locked up in shelf stock. Therefore the 
necessity to preserve a cash balance in hand, 
even if the stock suffer thereby, is imperative. 
Money is to be sa ved by taking advantage of cash 
discounts, and this cannot bo done without the 
cash available as cash. 


Catalogues. In a iviail trade so diverse 
in its eharatitcr as that of tlu‘ general ironmonger 
ii is impossibh* to hold in stock everything 
that may bo asked for, and in no branch of shop- 
keeping is there greater need for a good system 
of keeping ready for reference a good range of 
illustrated catalogues. Tt is not enough that 
such catalogues should be in the office ; they must 
be arranged and classified in such a manner 
that they may be placed before the customer 
at any required moment. Then there must 
be no need to spend time hunting for “ that 
last quotation ” to know what discount 
the catalogue prices bear. When a uniform 
discount prevails upon all the goods shown 
in a given book, it is an easy matter to 
have that discount indicated in cipher on 
the front of the catalogue or other readily 
accessible place. Where different discounts 
apply throughout a book, it means a little 
more work to record the details, but it is 
none the less essential. 
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Special Orders. Naturally, only price 
lists and catalogues which carry discounts 
sufficiently largo to constitute a reasonable 
profit arc shown to customers. In these 
days there are few maker’s catalogues which 
do not fulfil this requirement. It is always 
well to exhibit to the purchaser catalogues 
carrying good long discounts. Assunu^ that 
a special size of fishkettle has to bo brought 
from Birmingham, the profit may vanish under 
the carriage charge if the trader 
discount bo only 3.‘1J i)er cent., 
but if a 50 per cent, catalogue 
bo shown and list price be secured 
there is a good profit left after 
paying carriage. The customer is 
seldom willing to pay any special 
(charge caused by filling an urgent 
requirement. Tft‘ usually considers 
that this charge should come from 
the retailer’s profit. Another reason 
for preferring the long discount 
catalogue when taking a catalogue 
order is that it gives the opf)or* 
tunity to allow something off. 

The purchaser thinks he has a 
far better bargain at 15 per cent, 
from a 50 per cent, list than when 
he pays list price from a 33 per 
c('nt, cat alogue, although the former 
transaction yi(‘lds the ironmonger 
a larger commis.sion. 

Trade Discounts. In no 
trade is the system of trade discounts so 
e()mi)Iex. The ironmonger who understands 
all about trade discounts has a clear head. 
3’here are some articles wliich are subject to 
say, 80 per cent, discount, not many, perhaps, 
but enough to enable this to be taken as an 
example. 

To the man with a non-mathematieal head 
and no trade experitmet* i( would .seem that lo 
sell such goods at 75 ])er cent, from list would 
1)0 ruinous, whereas, in 
fact, the practice shows 
a 25 ])er cent, profit on 
cost. The instance may 
be given in illustration 
of the need for eandul 
figuring in calculating 
prices by discount, es- 
pecially if the discount 
he a long one. 

Goods should be 
priced on a discount 
basis. 3’his is tlie only 
way to preserve uni- 
formity in selling j^riees, 
which is desirable. The 
customers should not, of course. Vie initiated 
into the mysteries of the discount system, as 
tho knowledge furnishes them with a lever of 
comparison which may prove exceedingly in- 
convenient for the retailer. 

Price Maintenance. There has been 
much talk of price maintenance in ironmongery 
during the last few years. Although the atten- 
tfon which the subject has received at meetings 


of ironmongers’ associations and in tlie trade 
may convey the impression tliat the movement 
towards the maintenance of minimum retail 
prices has acquired a strength and achieved a 
success greater than actual facts warrant, yet 
the practice* is becoming fix(‘d and is tjikiug deope'r 
root, thanks to the combination of irouuiong(*rs 
in traele associations. Fixed i(‘ta.il pricers can 
lie maintained by two methods, by the* manu- 
facturc'rs insisting that purehaseM’s of their goods 
must send the* article ])urchas»Hl 
only upon certain conditions, and 
by a combinatif)n of all the re- 
laih'rs in a spocitic area under 
mutual agrt'cmont to maintain 
(•(‘rtain prices upon certain articles. 
The former method, that wliere 
the law is cnfoicod by the manu- 
facturor, is applicable only to pro- 
j)rictary articles — a specific carpet 
sweeper, a certain cartridge, a 
peculiar make of lawn mower, for 
inst;niee — hut is uiisnitahle for 
general classes of liardware made 
by many eotnpeting manufacturers. 
On the ehic'f articles of sale, which 
have litth' or no distinction in pat- 
tern. although made by many 
makers, price maintenance is only 
fen si hie by harmony between the 
retailers in the district consti- 
tuting the field of trading. It is 
often difficult to secure this har- 
mony. One recalcitrant member of tlu^ trade 
may prevent other members desirous of 
uniformity in selling policy from practising 
that uniformity. 

Manufacturers who adopt tin; price-maint(‘u- 
anco selumie seldom insist iqnm the maintenance 
of full list prices ; th(‘y usually sti|)ulate only 
that th(‘re must he no cutting lower than a 
certain figure. 3’hus, most manufaeturcTs of 
lawn mow(M's, wlio allow 30 or 33J per cent. 

trade discount from 
list jirices, permit pur- 
chasers to sell at 15 f>er 
c(‘ut.. froTi\ list, (^irf)et- 
sweeper makers and a 
few other makeis of 
proprietary articles of 
hardwares follow similar 
sysfi'ins. 

Profits, The articles 
upon which retailers 
have arranged to main- 
tain minimum prices 
arc comparatively few, 
and the j)ra(dicc has 
a hold only upon 
isolat^cd districts. Wire netting is the arti(*le 
which has received the greatest attention, and 
in somt^ districts agreement has stopped the 
senseless habit of giving what is practically 
change for a sixpence and calling it carrying 
on \he business of an ironmonger. A loading 
ironmonger recently proposed in the columns 
of “The Ironmonger” certain rates of profit 
which certain representative classes of hardware 
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should carry. Hio rates arc n'asoiiable, and 
worthy of being put on record here : 


per cent. 


AxIch uikI Hpritips .. 20 

Aj^riciiltiiral iinplr- 

nv'iitfl . . . . 20 

Har iron, al rt iron, 
girdorn, st<M*l 1 r> 

HatliK ((.'ast) . . 20 

Bi«ycU’« . . . . 2o 

Holting 25 

(yOITUgutod fsllOOlH .. 1.5 

(/ofiin-furniliiro .. 25 

CoTiiont. . . . . 20 

Dairy-niachiiu’s (sop- 
a rat ora, a) aims, 
laittar-workars) . . 20 

Knamellod .slalo and 
\vo»>d iiainUd- 

. . . . 20 

KcMioiiig-\\ il l' .. .. 20 

Kilrs 25 

I'olt 25 

<»rat('rt anil ranges, 
n*gist«'!'s, stiu'oy, 
jiianti'l-rogisf ois 20 

( iaH-slo\ i>H . . . . 20 

< Jardf'ii-saats a!id 
garden furniture 
gi-ni'rally . . . . 25 

Uardon-Jiosi'- .. 25 


per rent. 


Hollow. warn . . . . 35 

Hurdles 15 

Lawn-mowers . . H 
Load and glass .. 15 


Mangling ami ring- 
ing inaeliines 

XaiJs 

Oil-engines 
Oils (linseed, tiirpen- 
tine, nuiehino oils. 

nte.) 

IVi'anihuIaitors 
Paints and varnishes 
UainwntiT goods . . 

Hopes 

S p a d e s, f o r k s, 
shovi'Is, seytht's . . 
Sash-\N eights .. 
Weighing-niaehines. 
|)latform - taa- 
'•hiiies, eoal-ina- 
ehines. eto. 

Wire Hotting . . 
Wronght-iron Uihes 
|{rassfounderv. looks, 
hinges, screws, I'ti*. 

( for Iniililers) ,, 20 


'among all those tendering can be secured, 
agreement is possible, and reasonable profils 
attainable, but association to this end can 
seldt)m be attained. Ibider ordinary conditions, 
the ironmonger must recognise that he cannot 
secure an order in competition and a direct 
profit at the same time, nierefore, he must 
work for an indirt‘ct profit. Where the man, 
firm, company, or corporation placing orders 
by tender neviT give the opportunity of indirect 
jirofii, the better policy is to refuse to waste 
time in drawing up an estimaU», leaving the 
busine.ss to those foolish enough to wMsli for it 
on its merits or demerits. "Hiere arc alw'ays 
sui h competitors, and tluw may be left to stew 
in their own juice. Hut Avhere a profit may 
honourably he worked in edgeways the trade 
may he worth having. 

A Sprat to Catch a Whale. Let ns 

take, for (‘xainple, a workhouse, hospital, or 
iimnieijial dejiartment, tlie year's contract for 
ironmongery in which is to he placed by 
competitive tendiu". It may he necessary to 
quote upon a ])roflt basis of 1(1, 5, 2^ or 
even tl per ceiU . to secure the order. 1 f t he extras 
\hieh may lx expected to aeeriit*, and vvhieli 


Th<‘H<‘ piuventages are intended 
to ho ealeiilated upon selling 
prices, not upon cost prices, a 
point; of some importance, as 
thcri‘ is a mati'iial differenee 
between tiie two. They must 
necessarily lie considered as 
elastic in their application to 
tlifi'eieiit districts. Even given 
agreement. Ix'twei'fi the liard- 
w^are retailers in a eiu'tain 
area, any sehemo of selling 
prices would have to consider 
the amount, strength and 
poli(;y of competition from 
neighbouring eommereial cen- 
tres operating in the district. 
Much of the ironomnger's trade 
is of a semi-wliolesale eharaeter 
— selling to builders, earpent<‘rs, 
and others, who expc'ct to 
purchase under the usual retail 
prices, and thi^ competition for 
whosi^ custom is keen. It were 



are not I’ovoi ed by tin* schedule 
prices, promise to yi(>ld a 
i(‘asoiial)le, even if low', profit 
out of tlio whole contract, it 
is worth s(‘euring. There is 
always a little prestige attach- 
ing to a successful contractor 
under eo7np(‘t ition, and this is 
not quite a negligible quantity. 
Should the tradesman under 
such eoiulition.s charge fairly 
high pri<*es for the e.xtras, 
thereby getting “ a little of his 
own hack," lie can scarcely 
lx‘ charged Avith eitlu'r moral 
ur commercial transgression. 

A Case in Point. There 
yre many eases where an aj>- 
parent no- profit transaction is 
more directly remuneiative. Let 
us sujipose that a private in- 
dividual is creeling a villa — an 
('veiit which docs not liajipen 
often in his lifidimc. He is 


useless for the local iron- 7 akranokment for stockini ^’^‘^tidious in his choice of 
mongers to demand a 20 jier ’ ‘ uore.s grates, stoves, hell - fittings, 

cent, profit on nails if the ' ehimneypieees and tile hearths, 

travellers from an ironmonger in a town He ]»rol)al>ly goes the rounds of the local iron- 
twenty miles o IT work their customers olTering mongers inspecting stock and getting quotations, 

these goods upon a profit of Ud. or :kl. a hag There is probably a certain make of kitchen 


-"pursning the policy of setting a sprat to 
catch a whale. 

Tendering. Much of the bu.sines.s of 
many ironmongers eomi's in the form of orders 
secured only hy compiditive tender, and all 
W'ho know anything of this class of trade know 
with what complaint it is carried on, Com- 
petition, whieli is the life of trade, is the slayer 
of profits, and competitive orders such as come 
in the way of the ironmonger are usually secured 
only hy cutting down profits to the point of 
invisibility or htyond. Where association 


range po]mlar in the district, and one is certain 
to he hicluded in tin* order. The ironmongers 
quote a Jow' tnice for this stove, cutting the 
profit- tlown to nearly nothing. The tradesman 
w ho makes a daring cut to a lialf-.sovereign under 
cost price will secure the order. His fellows 
will w'onder if he has develojjed into a philan- 
thropic institution, and will predict liis speedy 
appearance in Carey Street. But he may be 
the w'iscst man in the crowd. The purchaser 
is probably ignorant of the respective values of 
the other items, in the hill he is mounting up. 
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Hearth tiles, which cost 7s. 6d. a yard, may bo ultimately realised, but me room which things 

sold him for 20s. or 25s. a yard, if they please his took up could have been devoted to more 

fancy. A few chimney-pieces may bo selected saleable goods. The ironmongt^r is, as a rule, 

carrying something approaching 100 per cent. far too loth to “ cut his losses.’’ Where a rem 

profit on cost, and the half-sovereign thrown mint might have been saveil, he hangs on to 

away may return fifty times its value in net the lot till all is gone. Tt is to be remembered 

profit. The ability to profit by occasion such in business that stock once dettniorated will 

as this, to estimate its value, and to act accord- never regain its original value, and no ti ades- 

ingly, goes a long way to make the success of a man is more oblivious to this fact than the 
moaern retail ironmonger. ironmonger. 

Stocktaking* Every business man should Departments and Side-lines. There 
make a periodical inventory of his stock. are. many departments and side-lines to the 

Ironmongers are given to obey this rule less ironmongery trade which are the. subjects of 

than other shopkeepers. There is some reason special articles in this course, and which may 

for their reluctance to take stock. It is no light therefore be passed with bare mention. They 

undertaking. It is at the least a two or three include agricultural implements, domestic 

weeks’ job, and if tilings seem to be going w'cll engineering, bags and trunks, china and glass, 

tliere is a great temptation to drive the old ship cutlery and tools, cycles, guns and ammunition, 

along without easting the log. But there is a fisliing tackle, plumbing, baby-carriages, houses 

double rcMison for taking stock. Not only furnishings, motor-cars, toys and games, anti 

does it indicate the value on the shelves, but it sewing machines. Tlu? suitability of a dejiart- 

also gives a jieriodical opportunity to clear out ment or sidc'-linc. depends upon premises, locality, 
old stock and sell it before its value has de- competition, fashion, capital and taste, and upon 

teriorated further. The task of stocktaking these jioints every man must decide for himself. 

Working Ex- 
penses. The working 
expenses of an iron- 
mong(U*’s business are a 

very variable quantity. 
We noticed in the lead- 
ing trade paper a few 
weeks ago that a promi- 
nent Liverpool iron- 
monger slated that it 
(‘osts on .an aviTago 22 J 
per cent, to run an 
ironmongiT's business, 
wliil(^ a few weeks be- 
fore another retailer not 
many miles away put the 
per(!(‘iit,age as 10 per cent. 
Tlie 011(5 was too low, and 

Diary” for 190:?. It i.s g s„Kr,VKs i-AiiTiTioNEo ron ei.ok tools ?*'>«'’ Wgh- I*- 

approximately accurate, is evident tliat the framer 

and while not good enough for an inventory of the former estimate h.ad reached it by inc5luding 

for piir])Oses of sale or purchase, is sutlicient in the sum interest on caipital, or, at least, 

where the Vujsiness is to remain in the same man.ageriaJ salary to principals. ’Phis method of 

hands. By th(5se and other devices the task of estimating is good and saf(‘, and we believe that 

stocktaking may be materially liglit<5ned. In where high city rents have to be paid the ex 

any event, stock should be taken every year. penses may sonietini(‘s bo .as high as 22^perc(‘nt. 

Cheap Sales. The .annual or semi-annual But in small businesses such as those w’e an5 

cheap sale has not yet become a gen^^ral institii- considering il may b<‘ taken that 15 to 17A per 

t ion with ironmongers. A few firms have adopted eent. of the turnover is .swallowed in working 

this method of clearing off soiled or doubtful expenses. VV'en' the beginner to frame his pric('s 

stock, and the fact that linns who have once gone upon this groundwork that expc'nstvs were 

in for this usually maintain it as a periodical 22^ per cent., he would tirohably starve for 

event is the best recommendation for its value. lack of trad(5. An old-eslablisJied and a liigh- 

One has only to attend an auction at which the class business may flourish under a reputation 

stock of a very old-established ironmonger’s for higli pri(5i‘s if excellence and variety of stijck 

is being realised, to be impressed with the be an accompanying feature*, but the small 

mass of absolutely unsaleable stock which has beginner, whose stock, though good, cannot 

accumulated. Much of it fekshes the price of claim wide variety, would commit commercial 

old metal, or a little more. The process of de- suicide by attempting to build up «a trade on 

tcrioration has been gradual. Had the goods high prices. 

been sold at cost price just when they began to The Ironmonger's Workshop. What- 
go off, or at a little less a little later, their holders ever may he said about the selling of iron 

would have suffered far less loss. Not only mongery goods, it must be allowed that the 

would more hard cash have been got than was trade is not prosecuted to its widest scope if 
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may be simplified some- 
w liat by following certain 
methods. For inst.ance, 
win* iu*tting may be 
w eighed instead of being 
measured, and the 
mt5«asureinent may be 
calculated from tal)l(‘s 
showing the relation of 
w'cight to length in the 
various widths, meshes 
and gauges. Oils may 
ho treated in tin* same* 
way. A system of stock • 
leaking of liousehold and 
ca b ine t brassf ou nd cry 
by weighing it is given 
in th{5 “ Tnmmonger 
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the business does not include a working depart- of various classes, sheet-mctal work, eloc- 
inent. trical engineering, plumbing, foundry work, 

('apital invested by an ironmonger in work- cycle and motor repairing. Many of these 

shop equipment and material ought to yield depfvrtmonts are considered in separate articloi 

much more profit than a similar sum spent, upon of this course, and it were idle repetition to enter 

stock. 8o much of the workshop turnover is into details of all of them here, 

labour, whieh involved practically no capital Text*booK Aids. There are some text- 
charge, being men^ly drawn upon a.s recpiircd, l>ooks which the ironmonger will find useful guides 

that it is much more remuiu'rative than a in his workshop practice. The best praetical 

ordinary merchant business. Tlio materials also handbook covering general work is “The Iron- 

upon which workshop labour is i‘X})ended — bar monger's Workshop,” the 5s. volume recently 

and sheet iron, tin plates, copper and brass, zinc publislieil ])y “The Ironmonger,” of 42, Cannon 

and lead - are semi-raw rnaUTials, whieh cost Street, J.,ondon, K.C. and for the list of separate 

much less in proportion to bulk tJum ordinary text-books devoted to specific branches the 

shelf hardware. Should there In* two ironmongers following may be recommended: 

near each other, one of whom has workshop “ Metal [Mate Work,” by C. T. Millis, M.I.M.E. 
fai‘ilities and tlu^ other has not, much nu*!*- (E. & F. N. Spon, Ltd.), l)s. ; “The Sheet 

chant trade is caught in the net of tlie former Metal Worktu's J/istnietor,” by Warn & 

on aeciount of liis ability to instal the ranges, Horner (Crosby Lockwood & Son, 7, Stationers’ 

heating and lighting appaiMtus, electric ])ells. Hall (kmrt, K.(l), 8s, ; “ Warming Buildings 

pumps, and sanitary tittings whicli he sells, by Hot Water,” by Fredeiiek Dye (E. & F. N. 

and from his ability to repair anything from a Spon, Ltd.), 8s. fid. ; “ Practical Electric Bell 

tin tea- bottle to a motor-car. Fitting,” by F, Allsop (E. & F. N. Spoil, 

An Ideal Partnership. 'Phe ideal part- J..td.), 3s. fid. ; “Telephones: their Construc- 

nership for two young men beginning business lion and h^itting,” by the same Author (E. Sl 

together as ironmongers is found when oiu* is F. N. Spon, Ltd.), 3s. Gil. ; “ Wiring for Electrie 

skilled in bujnng and selling stock, and in Light,” by C. Metcalfe (Harper & Bros.), 

window-keeping and office work, while the r)s. fid. ; “ Light ing by Ae<'ty](‘ne,” by Frederick 

other is a practical man corn potent in one Dye (E. Sc F. Spon. Ltd.), fis. ; “,Ex- 

or more working compartments, and abit*, if fernal riiimbf*!’ Work,” by John W, Hart 

he cannot himself do all classes of beneli and (Scott, Creeinvood Co.), 7s. fid.; “Practical 

fitting work, at least to supervise practically Sanitary Engineering,” by Francis Wood (C^. 

men who can, and to prevent the issue of badly- Criilln & Co., Ltd.), 8s. fid. ; “Construction and 

executed work and the waste which robs many Working of Pumps,” by (». C. R. Marks (J. 

an ironmonger of the profits which should accrue Hey wood), 3s. fid.; “Hydraulic Rams,” by 

to him from his workshop department. J. W. Clarke (B. Batsford), 2s. fid. ; and 

Should two young men such as we have indi- “Modern Foundry Practice,” by John Sharp (E. 
cated decide to run a doubk* business of this & F. N. Spon, Ltd.), 2 Is. 

nature, the most promising locntion for them is Workshop Economy. It is the inteu- 
near a large and flourishing ironmongery eoneern tion, of course, that the workshop should be 

without workshop facilities. M’hen, by pushing carried on at a profit. I’hough it may be made 

the working department for all it is wortli, they the most n'munerat ive de[)artment in the 

may without diflieulty alienate a go«nl deal ^^hole business, it is the depaitment in whieh 

of the custom of the older establishment, as money may most easily be lost. The*! lack 

they have a powerful weap{)n of (!ompetition of a good system of elieeking and pricing all 

whieh the other has not at command. work, and of seeing that every half-hour spent 

Working Departments. ^lany eon- upon a job and every item of material are 

sid(*ration8 infliienco the nature of the Avork <*liarge*d for in the final bill, often diminish 

to be undertaken by the ironmonger. At the the Avorkshop profit, considerably, sometimes 

initiation of the enterprise the scope cannot wen Aviping it out altogetliei*. Workmen 

usually be very Avi(l(\ Tt is always Avell to have need watching. So many bad and iiidillercnt 

a main working department upon Avhieh others Avorkmen are available that good Avorkmen 

may growAvit hex pan ding trade as the need arises. once engag(*d should he retained even at some 

Tinsmithing is a very frequent mainstay of an ineonv«‘nienee wlien business scarcely Avarranta 

ironmonger’s workshop. It has this merit— that retaining them. It is then that the Aoilue of 

slack times can always be employed in making making goods for stock comes to be appreciated, 

for stock, and Avliatever may be the principal Workshop accounts demand care. The filling 
Avorkshop output, it is ahvay.s Avell to select in of the ilet ails of material on a job should bo 

something Avhioh can be made for stock. Such carefully v^erified, and only someone absolutely 

a practice has in it the germs of development trustvv orthy and accurate should be trusted with 

into an important manufactory. Many large thisAvork. The omission to charge a half pound 

manufacturing concerns throughout the country of solder on a job may seem a small matter, 

have grown from small beginnings in an iron- but if repeated half-a-dozen times a day for 300 

monger’s Avorkshop. days in the year means a loss of £40 a year. 

Other possible Avorkshop departments include Careful checking by a system, even if it cost the 
domestic engineering, the repair of agricultural wages of a man somevvdiat more expensive than 
implements, agricultural engineering, smith work an ordinary workman, is ahvays a wise economy. 

Continued 
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By Professor SILVANUS P. THOMPSON 


‘THROUGHOUT almost the whole of the pre- 
ceding articles wt* have been dealing with 
electricity in movement, flowing as a current, 
since almost all of the useful elTccts due to elec- 
tricity occur in consequence of its b(‘ing in motion. 
We have now to consider CfTtain particular 
effects or jiroperties which belong to electricity 
in the sttUe of re>sf. 

An Experiment. We shall first describe 
an experiment that is of some signiflcance. 
l.et us arrange a circuit as if we were trying 
to send a current through a sheet of glass, 
or of some other non-conducting substance. 
As the sliect does not conduct, no current 
will go through it — at least, unless we employ 
so (‘uormous an electromotive force (such 
as 1(K),000 volts or more) as to pic^rce a hole 
in the glass. It may seem absurd to try to 
send a current through a non-conductor ; but 
the e^perimimt is instructive. Procure a battery 
of a considerables number of small cells — />() 
Leclarifihc cells in series, or belter still, 1()0. 
Have also a sf'usitive and quick-acting galvano- 
meter, such as a 'rhomson mirror galvanometer, 

and a simple k<jy, 
— and let some sheets 

of tin- foil be also 
provided, and a 
large thin she<‘t of 
glass. This ap- 

paratus is then to 
bf-i set up in the 
manner d<*picted 
d i :i grammatically 
in 217. Uut two 

.sheets of tin-foil 
i.s a little smaller than the 

so tliat if laitl down on the 

leave about J in. of margin 
all round. Lay one sheet of tin-foil down on 
flat woodi'ii table, ]^lace the sheet of glass ov<‘r 
it, and tlie other sheet of tin-foil on tJic glass. 

Then join the battery to the two pieces of 
tin-foil with thin wir€*s, connecting into the 
circuit the galvanom<^t<'r G [217 J and the k«^y 
as shown in the diagram. The galvanometer 
may be placed at either of t In? positions shown. 

In fact, its particular position in the circuit 
is immaterial. All being rcadj^, let contact 
be made by jiressing down the key. It will 
be quite impossible to find any trace of 
current of a steady kind, for as a matter 
of fact, the glass sheet lies across the path 
and completely cuts off all current from flow- 
ing. And yet, if the experiment bo very care- 
fully made, and the galvanometer be sensi- 
tive enough, it will be found that when the 
k(‘y is fii'st depressed there is a momentary 



so that each 
sheet of glass, 
glass it would 


disturbance of the galvanometer needl(‘, indi- 
cating that on closing tJie circuit there is a 
transient rush of current. ; but it stops at once, 
leaving no xiermancnt deflexion. In fact, what 
liappcns is this. The battiTy possc.sscs an 
<‘lectromotive force by virtue of which it is 
always tending lo drive a current through itself, 
though no current can flow' until a circuit is 
])rovided. When the wires leading to the two 
sheet.s of tin-foil are made* part of the (incomplete) 
circuit, on the pressing of the key there is a 
movement of electricity ; for the battery is tlu'ii 
able to mov(^ a small quantity of electricity 
along, drawing it. out of one tin-foil (that con- 
nected to the negative poU*) and driving it into 
the other tin-foil (that connected to the positive- 
polo). It cannot produce a true circulation of 
current because the glass stops the way. In 
other words, tlu^ battery jnishc^s a ciTtain small 
([uaiitity of electricity along tlie conducting 
}>ath as far as it, can go — that is, until it is stopped 
against th(‘ face of tlu^ glass plate, and at the 
same time it draws an equal quantity from the 
other side of tlie glass plate. 

Charge and Discharge. The glass 
plate in the foregoing ex^ieriment is said to 
ri'ceive a charge. Th(^ word charge means a 
quantity of elcetrioity at rest. Tin* place whc're 
a charge is to Ix'i found is on the surface of a non- 
conductor. If electricity has been running to 
a surface of a non-conductor, and accumulates 
lh(*re, it is calk'd a poailivc charge. If some 
electricity has bot'ii removed from a surface, so 
that then* is a dt'lieii'my tlu're, that surfaia^ is 
said to have acquired a negatire charge. In tin* 
experiment above-described of charging a glass 
filatc from a strong battery, the act of charging 
consists in producing a jH).sitive charge on om^ 
face and an equal negative charge on the other face. 

A mori' eonvi'nient way to study tlu' matter is 






to arrange the apparatus as snown in 218 and 
219, with a disidiarge circuit as well as a charge 
circuit, worked by a Morse key, the middle-point, 
of Avhich is connect (^d to one of the tin-foils. 
The toe of the key, when pressed down by the 
sjning below it, makes contact with the discharge 

3579 




ILBOTRICITY 

Avire. Whon iho handle of the key is depressed 
the discharge contact is brokt‘n, and instead the 
heel of t}i(5 key makes a contact with the charging 
circuit, so that the batterv can charge the sheet 
of glass. With this arrangement there will be 
observed in the galviuionieter [(»] o momentary 
mov<unent of the indicating a rush of 

current during chnrgPy followed, when lh(‘ k<‘y 
is rtMeased, by anotlier movement of the needle 
in the oy)posite din^etioii, indicating tlu^ rush of 
th(^ current back, during disehirgt?. It will be 
found thrit th(\se twf) rushes of current are 

C(jU‘lI. 

Condensers. Any such arrangement of a 
layer of non-condtictiiig material such as ghiss 
between two eoriductiiig coatings of metal is 
called a con.dpnsn\ becausti it is tluis abl<‘ to 
condense, electric charge's upon its surfacc.s. 
If, in the cxporirn<‘nt dc'serihed, a slu'C't of glass 
has been taken that is snuill, only small quantities 
of elt*etric charges ean be (ronde'nsenl upon it, 
ami the ctTects it produces will he small. Tnless 
a battery of 40 or 50 ct'lls b(^ available, the 
galvanoim^tcr will scareely delect any (‘fleet 
unless the sheet of glass has an available surface 
of 500 sq. in. or so. 

The t(‘rm rapacifif is used to indicate tlu‘ 
ck'ctrical magnitiuh^ of a condenser. It. is found 
by experiment that tlu^ (’M-jiacity of a eondc'iisor 
dcq^mcLs upon three things: (1) its surface, 
(2) its thinness, and (3) its material, ddu* 
capacity of a cond(*ns(‘r is directly proj)ort ional 
to its surface ; other things being equal, a 
cond(*nser that has an an'a of 1,003 sq. in. on 
each of its snrfac(‘s has twice the capacity of a 
(?oridens(T that has only 500. Also, a condenser 
made of a non-conducting she(‘t that is J in. 
thick will have double the capacity of one of 
th(' same area and material that is .{ in. thick ; 
for the thinner the layer (so lung as it is not s(» 
thin as to be pierced mechanically by a spark) 
the more powt'rfully docs it permit, the con- 
densing action to go on. Lastly, th<‘ different 
kinds of non-conducting material have each their 
own sp(‘eitic (piality ; thus a mica plate has a 
greater capacity than a glass plate of equal size 
and thickness. 

Large Capacity Condensers. InoKh r 
to obtain condensers of largo capacity it is 
ncc('ssary to ust* m(_)re than one sh(M‘t. For 
examphs if we hav(* 50 sheets of thin mica, each 
0 in. long and 4 in. wide, we may arr inge them 
to make one (‘onderiscr having a larg<* surfact* 
by piling them up on om* another with tin-foil 
sheets betwe(‘n them in the following way. The 
tin- foil sheets 

are cut in the 
shape shown in 
220, each with a 
projecting lug, 
of such a size as 
to leave a mar- 
gin all round ex- 
cept M'herc the 
lug projects. Ont^ of these is laid down on a table 
with its lug towards th(? right, and a sheet of 
mica placed over it. On the mica is laid a 
second sheet, v^ ith its lug projecting towards the 
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left ; then another piece of mica ; then a third 
tin-foil with its lug to the right ; then another 
piece of mica, followed by a fourth tin- foil with 
its lug to the left ; and so on with the whole 
series, alternate lugs projecting to right and to 
l(‘ft. When comi)U‘t<Kl, the pile is clamped 
tog(‘ther secur(‘ly, and all the lugs of odd number 
are joined together to make one terminal, while 
all those of even number arc clamped together 
to make the other terminal of the condenser. 

Dielectric Capacity of Materials. 
Faraday made a number of condensers of dilTerent 
materials, but all of the same size, to see whether 
they had e(]ual capacities. One of these con- 
taim'd only air between the two mota-l surfaces, 
and as this was found to fuiv(^ a smaller cai)acity 
than lh(‘ otlicrs air was taken as the unit for 
eomparison of one dieh'ctrie with another. 
Faraday gav(^ the name of dielectric to any 
material which will thus act as a condenser, 
meaning by the term that electricity can act 
induct iv«‘ly across the material, tliough no 
electrieily passes through it. All dielectrics are 
non-eomluetors, but two dilfercnt non-con- 
duetors that are ecpially effec'tive as more non- 
eonductors may (litter (‘onsiderably in speciti(i 
dieUnttrie enpaeity. Air being then taken as the 
unit, the (lii‘l(‘et rie capacity of other matc'iials 
run from wax, which is about 2, indiarnbber and 
gutta-percha, whicli are about 2.J, and glass, 
which vari(‘s from 2^ to 3.1, up to 5 or (> for 
mica, (fhtss is too brittle for most purposes, 
and air will not do, because it is too eawily picTced 
by a spark, b(‘sid('s affording no mechanical 
support to tlm metal coiiduetors. Mica has two 
advaritagt‘s, in that it can be split very thin and 
yet remain strong, and that its specific dielectric 
power is higli. But large sheets of it arc expen- 
sive. If strong tissue ])aper, rt'semhling bank- 
nob* })ap(*r, be thoroughly dru^d and impivgnated 
with pure melted paraffin wax it forms sh(H*ts 
that are (‘xeellent for condensers, and to wliieh 
the necessary tinfoil coatings adhere readily. 
The cond<‘ns(*rs used in submarine cable service 
are usually made of i)araltined paper. 

Charge in Relation to Capacity. 
A charge Ix'iiig a quantity of electricity, the 
amount of it can be expressed in conJomhs. 4’he 
amount of eluirge that ean b(^ cond(*nsed in a 
eoiuh'iiser d(‘[)ends on two tilings — (1) on tlu^ 
eapaeity of tlu* condenser ; and (2) on the volt- 
ag<* used to driven the electricity into the con- 
denser. Suppose we had a condenser of such a 
siz • that on applying an electromotive force of 
I ro/^ the* quantity of ehargo that ran into the 
condenser at one side (as an equal quantity ran 
out of the other side) was one covlornby th(m we 
should describe that condenser as liaving a 
capiKtity of one farad. But such a condenser would 
be impossibly larg(^ and expensive, and the 
priictieal standard of capacity is a condenser of 
only one-millionth part of the capacity named, 
and such a standard is described as having 
1 microfarad of capacity. The quantity of elec- 
tricity that runs in or out of a condenser can 
then be calculated by multiplying together the 
number that represents the capacity in micro- 
farads and the number that represents the volt- 
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ago of the battery, and then dividing the pro- 
duct by 1,000,000. Thus, if a battery of 120 
vitUs be applied to a condenser having a capacity 
of 1*5 microfarads^ the charge will be 120 x 1*5 -j- 
1,000,000 — O’OOOISO coulombs. 

Grouping of Condensers. Just as it 
is convenient in diagrams to use symbols for 
batteries and for galvano- 

r*^-i ' meters, so it is also useful to 

Of use a symbol for a condenser. 

22 j This symbol [221] consists 

of lines drawn in such a way 
as to suggest the sheets of metal foil separated 
by a non-conducting space or layer. 

Accordingly, two condensers in paralld with 
one another would bo repres(‘nted by 222, in 
which the two -f- terminals of 
the two condensers are joined, 
and the two - terminals are , 
also joined together, making J 

virtually one large eondenst'r. U T ,, , 

If, for example, one had a 

capacity of 3 microfarads and 222 

the other 2 microfarads^ the two 

in fiarallel would have a eapacity of 5 microfarads. 

Fig. 223 rejiresents two condensers joined in 
series, or, as it is some- 
times called, in cascade, y y — . 

In this ease the eombina- 
tion -will act like a con- 


denser of smaller capacity 223 

than either of them sep- 

arat(‘ly, for we have increased the total thick- 
ness in the amount of dielectric interposed across 
the circuit without adding to the area of either 
condenser. U^he ecpii valent. ea 2 )acity of the 
combination can bo found by calculating the 
n‘ciproeal of tlu^ sum of the reeiproeals of the 
separate capacities. Thus, if tin’s separate 
capacities of tlu^ two condensers are 2 and 3 
microfarads, the joint capacity will be I -f- 
(2 • .4) - 1 • fl ri * V' microfarads. 

The Leyden Jar. It is more than a hundred 
years since the property of condensers was dis- 
covered, and the form which the a])j)aratas re- 
ceived was that of a glass bottle or jar, coated 
inside and outside wuth a conducting coating. 
The very lirst Leyden jar with which ek'ctrie 
shocks W'cre obtained was a glass pbial partly 
tilled with water, while the nioiat skin of the 



224 

hand which held it formed the outer coating. 
Later, these jars were made up in the form shown 
in 224, having inside each for convenience a 
metal rod, which passed down into the interior 
to touch the inner coating, and which was 
terminated at the top in a polished brass ball. 


In old days thest? jars were charged by 
means of a friction machine, the sj)arks from 
Avhioh wore sent into the brass knob, wdiile 
the outer coating was eonneet('d to tlu‘ earth. 
Such a jar cannot be charged if it stands (m an 
insulating stand — for, as we have seen, in the 
act of charging as much electricity runs out of 
one coating as runs into the otlu'r. When a 
Leyden jar (or other condenser) has been 
charged, it can be discharged by connecting a 
conductor, such as a bent piece of wire, from 
the one coating to th(‘ other - that is, from the 
outer tin-foil to the knob. The instant tluit this 
is done the surplus from one surface rushes round 
to till up the de licit at the other surface, there 
is a bright sna[)f)ing spark, and the jar is dis- 
charged. If this discharge takes place through tlio 
human body a very unpleasant shock is the result. 

Seat of the Charge. It was stated above 
that the seat of the electric charge is at the sur- 
face of the glass or other dielectric. The sheet- 
metal coatings are, in hact, mere conductors or 
<‘lectrodes that enabh* thc! electricity to flow^ to 
or from the surface whereon it is to rest as a 
eliaige. This is easily proved by taking a glass 
sh(H‘t and charging it by means of two loose sheets 
of tin-foil. If these are then carefully removed 
si’paratoly in s\ieh a. way as not to make a circuit 
hcTween them, it is found that they are not 
eleetrilied. But if they an^ n plaeed, or if two 
other ]>iee('s of foil are placed upon the surfaces 
of the glass sheet, it will hi^ found that the sheet 
will th(‘n give a spark when it is discharged. 

Benjamin Franklin devised a dissectihle Leyden 
jar, the metal covers of which could be taken 
otf. With this he demonstrated that the charges 
reside on the glass, not on the metal (ioatings. 

Energy of the Charge. It will, thori'- 
fore, appear that thi* condenser does not really 
store any elect rieity, sec’ing that when being 
charged as much eleetrieity runs away at the 
negativ<^ sidt^ as (uitcu’s at the fiositive side. 
That which is stored in the condenser or Leyden 
jar is not el(‘et rieity, but energy. Work has to be 
done in the process of charging, just as work lias 
to he done upon a spring in the act of bending it. 
In th(» condenser as long as it remains charged, 
or in the spring as long as it remains bemt, the 
Avork that has been done is stored up as potential 
energy, and afterAvards that energy can be given 
out again. The condenser during (liseharge gives 
us back tiu’ eleetrie (‘uergy that inanifi^sts itself 
by spark or shock. The bent spring during its 
recoil givc‘s us back its (UKTgy as a visible 
motion. TIu' (‘lU’rgy given to the spring in bending 
it is eipial to the product of tin* av(‘rag(} bending 
force multiplied by the distame through Avhieh 
the spring has been bent at the place where* the 
forc'ii is applied. This averages force is equal to 
half the maximum force ; hence, if / stands for 
the force and d for the displacement, tlu^ energy 
will be proportional to half d f. Similarly w ith 
the condenser : If Q represent the amount of 
electricity that has been displaced in or out 
during the charging, and V the electromotive 
force used in the charging, the energy of the 
charge will bo represented % i Q V. 


Continued 
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I AKK ('HAD li(*s in a depression sur- 
rounded by lii^^hcr ground, so that it 
lias no outlet to the sea. It is a sliallow, 
marshy lake, studded witli many islands, and 
varies eonsiderably in size in the wet and 
dry se^isons. 

The Cameroons and French Congo. 

Betw(‘en the Nig('r and the C-ongo lie the 
German colony of the (.■ameroons and Krench 
(^ongo. 'I'he fornuM' rises from the steamy, 
swampy, mangrove-fringefl, coastal plain to 
the grassy terraces of the ])lateau, reaching 
12,500 ft. in the volcanic (■ameroons Peak. Tlu' 
forests produce oil palms, rubber, kola nuts, 
ebony, etc. French Congo, wliich is broadly 
fiimilar, cxtimds north to tlu^ S dc.ra betwcMui 
l.i'ike ("had and the front ims of thi* Fgyptiaii 
Sudan, and is continuous with the other African 
possessions of Fram e. 

The River Congo. The basin of the(\>ngo 
(3,000 miles) iicoujiies most of equatorial Afric'a 
fl30J. Flowing through one of the rainiest 
regions in tin* world, the volume of water 
carried down to the sea by th(^ main stream 
and its innumerable tributaries is enormous. 


The Congo rises as the (3mmbesi in the 
mountains south of Lake Tanganyika, and is 
ah(*ady a great river wlien it enters the swamps 
of Lake Bangweolo, from which it issues as the 
Liiapiila, a river as wide as the Thames at 
T..ondon. It now begins to descend, falling 
1.20(J ft. before it reaih(‘s Lake Mo(*ro. Still 
diiscending rapidly after issuing from that 
lake it receives the great Lualaba from the 
south. far helow the eontlucm^e the 

Lukuga entiu’s on the right-, bringing down at 
lertain seasons the suriilus waters of Lake 
'ranganyika, th(‘ long, narrow rift valk^y lake 
to ibe east, lying nearly 3,000 ft. above the 
sea, in a decqi chasm shut in by forested moun- 
tains. At Nyangwe, less than lialf-way to thi‘ 
sea, the Congo, which has rec(‘iv(*d innumerable 
tributari(‘S from the mountains, forests and 
lakes of tlu‘ surrounding n^gion, is a mile broad 
and still descending rapidly. Almost on tbe 
equator it forms Stanh^y Falls, a series of seven 
cataracts with open water between, extending 
over a distance of 50 miles. The Arnwirni, 
wliich has risen (piiti^ near tlu* Nile, comes in 
from the east, llowing through densely forested 
eouniry. Between the Aru- 
wimi and tbe Welle, whieh 
n(‘ar it, the country is 
inhabited by agricultural 
tribes, who have many 
villages in tli(‘ forest clear- 
ings, surrounded liy jilan- 
tat ions of niiiize, banana, 
millet, tobacco, etc. Tlie 
main stream is now enor- 
mous in breadth and volume, 
often breaking up into 
])a.?-allel channels, whieh ex- 
tend ov(*r several miles of 
country. In some maps this 
)mrt of its course is shown 
as a long, narrow lake. 

Forest Scenery of 
the Congo. Sir IT. M. 
Stanley has vividly de- 
scribed the dense equatorial 
forest through which tljis 
network of rivers flows. 

“ vSome of the islands seem 
to be aflame "with crimson 
colouring, while the purple 
of the ipoma’a and the gold 
and white of the jasmine 
diffuse a sweet fragrance. 
These islands are not mere 
things of beauty ; the tall 
palms arc perpetual foun- 
tains of sweet juice w'hich, 
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when effervescing, afford de- 
light to man. The golden 
nuts of other trees furnish 
rich yellow fat, good enough 
for the kitchen of an epicure. 

The lengths of calamus are 
useful for flooring and 
verandah mats, for sun 
screens on river voyages, for 
fish nets and traps, for field 
baskets, marktjt hampers, 
and especially for the con- 
struction of neat, strong 
hou8f?s and fancy lattice 
work. That pale white 
blossom is the caoutchouc. 

For the (‘ntei* prising trader 
tlien^ is a ficus, with fleshy 
green leaves. Its bark is 
good for cloth, and it.s soft, 
spongy librci will be used in 
the future for paper. Look 
at the various p%lms crowd- 
ing on cacl» other. Their 
fibres, prepared by the dex- 
terous natives, will make 
the stoutest haw.sers, the 
strength of which no fibre 
can match. See that soft pale-green moss drap- ivory, palm oil, and othm' tropical ])roduc(? are 
ing those tree tops ; that is the oreliilla, from collected by natives and brought to licopoldville 
which a valuable dye is extracted. I need not. on Stanley Pool, the centre of the trade with 
speak of the woods, for the tall, dark forest on the interior. It is the terminus of a line 250 
bank and isles seems to have no end.’' miles long, built from Matadi, below whi(!h the 

The Lower Congo. Below Fapiatorville Jiver is navigable, to avoid the rapids of the 

comes in the Welle, through similar forest Lower (.^ongo. From Matadi the produce of 
country. 'I’he river gathers into a single ^Uite is forwarded to Boma, (50 miles 

narrower, deeper stream, and then widens out the sea, which is in regular steamer com- 

to fh(^ lak(‘ of Stanley Pool, shut in by white raunication with European ports, 
cliffs known as Dovit ClilTs. The Zambesi. Tlie Zambesi (1,(500 miles) 

At the lower end of Stanley Pool, 1,100 ft. is the shortest of the great African rivers [131). 
above the sea, the (/ongo begins its final It rises at a height of nearly 5,000 ft. in the Dilolo 

rush down the last terraces of the ])lateau swamps, which at certain seasons also feed 

to the coastal plain. “ It first precipitates affluents of the (Amgo. In its relatively short, 
itself with awful force down a five-mile steep course to the sea the Zambesi receives 
slope, a succession of leaping waves, which many tributaries, which shoidd be looked out 
from ero.st to crest might be about 300 ft. on the map. As it cuts its way down the 
apart ; then through a series of mad rapids, terraces of the plateau it is broken up into 
separatcK:! by sliort stretches of swift but steady rapi<ls, narrow's, and cataracts, many of im- 
ffow', it is eonlincd for 75 miles by tlu.‘ tow'(‘ring po.sing beauty. Between th(*se obstructions are 
rock barriers of a canon from 300 to (500 ft. navigable stretches, whore the land is flat and 

b(‘low the level of the opposing summits of the river flows betw<*en low', reedy hanks, in- 

the cleft land ; then for S8 miles it is tolerably undating the surrounding country in flood, 

safe for navigation ; then (!omes another 60- Such is the Barotse region of the upper Zambesi, 
mile rush, roaring cataracts alternating with a gra.ss land on which cattle are kept in vast 
noisy rapids, through the deep, rocky lu‘art numbers. The valleys both of the tributaries 
of the mountains, till finally the last plunge and of the main stream are skirted on both 
has been made down the Yellala Falls. A few sides by rich forest, and the many islands are 
miles below it leaves this sinuous and rocky also richly wooded. 'I’lic. finest of the many 
gullet a navigable river for 110 miles, and flows grand cataracts of the Zamh(‘<i arc th(^ famous 
by factories, villages, and towns to be presently Victoria Falls, the grandest in the world. Above 
vexed by the churning screws of ocean steamers.^’ the Falls the river is a noble stream over a mile 
The current is too strong for the formation of a wide, flowing between walls of forest. It 

delta, and the Congo enters the sea by a broad plunges abruptly over a rocky ledge into an 

estuary. abyss over 400 ft. deep, with an indescribable 

The Congo Free State. Politically, volume of spray and a thunder of sound. It 

most of this region belongs to the (^ongo Free then flows for 40 miles through the narrow, zigzag 

State (officially entitled the Independent State of Bafoka gorge. Just below the Falls the river is 
the Congo), under Belgian control. Rubber, crossed by the railway lino from the Cape. 
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There arc navigable stretches of considerable 
length between the Victoria Falla and the last of 
the Zaml:»e8i cataracts, the Kebrabasa Falls. 
Between those and the Lupata Narrows are 
targe deposits of coal, wliich will before long 
be of commercial importance. At the l.,upaia. 
Narrows the river contracts to 1,000 ft., ilowing 
in a gorge b(^ tween high rocky walls riclily 
diversiriotl with vegetation. 

North-West and North- Kasl Khodesia he to 
the north of th(^ Zainb(‘si, the lower course of 
wliich is tliroiigli l\)rtngiicse territory. 

The Shire Highlands. I 50 miles from 
the sea the Zamlxisi receives on its left })ank 
its most important, though not its largest 
tributary. This is the Shire, fi’om Lake Nyasa, 
another of th(i de(‘p rift lakes of Li'ntral Africa. 
The middle course of the Shire, hkci that of all 
African rivers from the plateau, is l>rok<‘n by 
falls and rapids, whieli iuti'iTupt navigation 
for (K) miles. It hains an impoitant route 
from the Indian Ocean to the British (Smlral 
Africa Frot('eU>ratc anti the north-east of North- 
eastern Bhodesia, British t( rritory wliieli extends 
to the shores of l^ike 'Fanganyika. 

British Central Africa Protectorate. 
The highest parts of the plateau, which rises 
in the south-east to Afoiint Mlanje, b.bOb ft., 
are grass lands. Klse where the vegetation is 
tropical in character. All the most valuable 
jn’odueta of tropical Africa, including iul)ber and 
the oil palm, are found. TIk^ chi('f ero{)S culti- 
vated by British ])lant(‘rs ai(* coiTce a nativ(‘ 
of the region, though the cultivated plant was 
introduced from the Botanical (lardens of 
Kdinhurgh by Seottisli planters— cotton, and 
oven wheat.. The country, though not very 
healthy, is developing. Steamers run on Lak(‘s 
Nytisa and I’anganyika. 'Flic larg<*st setth*- 
m<*nt is Blantyre. The administrative capital 
is Zomba. 

Portuguese East Africa. 'Flu* lowi r 
Zambesi, some* two or three miles Ijroad, crosses 
Portuguese Last Africa, an uulu-althy region, 
exporting rubber and otluT fojt‘st produce. 
The delta, which begins IK) mile.s from the coast, 
is of the usual swampy eharacter, subj(*et to 
periodical floods, and held together hy mangi-ovcs. 
'Fhe Cliiiide, with a port of the same name, 
is the only mouth practicable for large steanuas. 
North of the delta is the lerritury of Moz.:Mn- 
bique, with Cv ca])ital of the same name. 
South of the (h'lta is the ])ort of Beira, eonneeted 
by rail w’ith Salisbury and Bulaw.iyo, (>n the 
(.’ape to (..’airo line in process of e-onstruetion. 
The busi(*st eommereial town of Port\iguese Fast 
A frier is Loi'en<,*,o Marques, on Dolagoa Bay. 

Angola and German South = West 
Africa. South of the (^ongo the rainfall 
decreases rapidly, and the country gradually 
beeonu's an arid rt'gion, similar to that in the 
corresponding latitudes north of the Senegal. 

Angola, a Portuguese colony, rises from un- 
healthy coastal lowlands to the plateau, which is 
forested m the north, a savana in the centre, and 
arid in the soiuh. (Coffee is largely cultivated 
and exported from Ambriz, S. Paolo do Loanda, 
Benguela aiid Mossamedes. 
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Cfcrman South-West Africa is an arid region 
of little economic value. The administrative 
centre is Windhoek, to which a line is built 
from Swakopmund near Walhsh Bay. 

British South Africa. The rest of Africa 
south of the Zambesi is British. It con- 
sists of Polony in the south. Natal on 

tin* .smith -east eoa.st, and inland the Orange 
Rivir (‘olony, the 'Fransvaal, the Beehuana- 
land Protectorate, Matabeleland, and Mashona- 
land. 

South Africa consists of four well-marked 
regions — (1) A low coastal ]>lain of varying 
width whieli is narrowest in the south-west, 
when* tile higli rugged edge of the platc^aii 
comes down to the sea in Talile Mountain, 
( Agulhas and otluT spurs. (2) Two 
seri(*s of range's running parallel to the 
south coast, with tin* Little Karroo between them 
and the* (Iri'at Karroo, beyond the inner ranges 
of tin* Zwartebergi'U. (3) Rising above the 
coastal plain anfl the (h’oat Karroo the irn^gular 
margin of the plateau, which from below' 
appe'ars as continuous ranges of hills or moun- 
tains. The valleys which penetrate this margin 
grow' mirrower and steeper as the traveller 
ascends, and the spurs whieli enclose tluun 
boeomt* more mountainous in eharaeter. 'Diis 
high, irregular edge* of the plateau is called the 
Drakenberg or (jmaUilainba Mountains in the 
south-east and east. Its finest seencry is in 
Basutoland, the Switzerland of South Africa, 
where Pajx* Colony, Natal, and the Crango Kiver 
(’olony meet. Here the land rises to 11,000 ft. 
in Mont aiix Sources, from which flow the 
rivers Orangi*, 'Fugela, and a tributary of the 
\5ial. The pr(*eij>itous edge of the plateau ri.ses 
high above the unilulating lowlands of Natal, 
and the rivers V>reak their way dowui in cascades 
hundreds of feet high. (4) The immense interior 
li’,))lelan<l, Hat or rolling, and diversilied by 
isolated Hat or pointi'd-topped hills or kopjes. 
Tt ow'es such beauty as it lias to the shaiqmess 
and line of colour in the clear air, and to the 
wonderful atmosjHverie etfee.ts at dawn and 
spn.set. 

South African Rivers. South Africa 
lies in the let^ of the tiade winds in latitudes 
eonx's ponding to those of the vSahaia. Its 
climate* is eon.sequeutly very dry. Many rivers 
marked on tlu* maps are dry I'xeept after rain, 
and fail to reach the s(*a. I’lie longest river, 
the Oiange-Vaal, from the Mont aux Sources, 
Hows west to the Atlantic. Th(^ short Tugela 
from the same highlands, and the Limpopo, 
from the Witwalersrand of the Transvaal, 
How' east to the Indian Ocean. The Limpopo 
and Orange, thougli extremely shallow in the 
dry seasons, never waterless, but their tri- 
hutarie.s are often reduced to a string of pools. 
After rain they become impassable raging torrents 
for a few hours, to disappear almost as quickly. 
Add to this that all are obstructed by rapids in 
their descent from the plateau and flow in stoep- 
sided valleys, and it w'ill be seen that the rivers 
have contributed little to the opening up of 
the country. 
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Climate. Tf South Africa wore as broad aa 
North Africa it would l)e a desert like the latter. 
Tn the west, the Kalahari is actually a desert, 
though of less forhidtling extent and character 
than the Sahara. Elsewhere the intlucneo of 
the sea cotinttTaets the ariility, and renders the 
rainfall over most of South Africa sufiieient for 
stockkeeping ; but the Karroos, shut in by 
mountain ranges, are very arid. Tn the south- 
west of ('ape (V>lony the rain falls in winter, 
as in th(^ Mediterranean, with which tins ])art 
may be compared. Natal, lik<‘ the oast generally, 
hiis summer rains. The north-wc'st is almost 
rainless. Everywhere the cniestion of irrigation 
is im})ortani, espi'cially for agriculture. 

The proximity of tin? ocean reduces the summer 
heat of tin* rn iigin d leaids. ('<4)0 Town, in the 
latitude of (iibraltar, is eoo!<*r in summer and 
warmer in winter. On the tablt'land the range 
of temperature for the year and even for 
the day is great. The nights are cool for the 
greater part of tlu^ yt^ir. In th(^ northern 
parts of the Transvaal, and in Rhodesia, the 
climate of the valleys is tropical, but the veay 
high summ<‘r tem])eratures of the Sahara are 
never expi'rienced. 

Vegetation. The coastal plain i.s fairly 
well wooded, with small pat<‘he.s of primeval 
forest on the seaward slopes above. The higlu'r 
)art of the country is a vast arejt of grass 
and, passing into desert in tlie west, and into 
tropical forest in the valleys desotaiding to the 
Limpo])0 and Zambesi. Tl\(^ few trees nrv 
thorny acacias or mimosas and ciu^alyptus trees 
introdue(Hl from Australia and found round most 
of the homesteads. After rain, the KaiToos 
and veldt become beautifully green, but with 
prolonged drought ihv eoimtiy takes on a 
brown and pareh<‘d appearance! The V(*geta- 
tion of the Kalahari c<.)nsists of thorny or 
suceuhmt plants of the usual desert ty}H\ 

The flowers of South Africa, and of the Cape 
Peninsula in particular, are extraordinarily 
beautiful. They inehule many heaths, and some 
of the loveliest ornaments of our conservatories. 

The cultivated plants correspond with those 
of similar regions already described. In the 
arejis of (Uipe (%>lony with winter rains, all 
Mediterranean plants are or might ho grown. 
Maize, or “ mealies,” is the chief cereal every- 
where in South Africa, but wh(*at is grown round 
the Capo and in the east of tin* (Trange Colony. 
The production of wine is increasing. In Natal 
we find the products of monsoon land.s. Tea is 
grown on the seaward slope.s of the northern hills, 
and sugar, bananas, oranges, rice and tobacco 
are also cultivated, llie Karroos and veldt are 
too dry for cailtivation, except when irrigated, 
and are essentially a pastoral country. 

Minerals. Tlic mineral wealth of South 
Africa is enormous. The diamond mines of 
Kimberley, in Cape Colony, are the richest in 
the world. The deposits of gold in the Witwat-ers- 
rand of the Transvaal are of incalculable value. 
G()ld is also abundant in Khodcsia. The useful 
metals will become of more valu<} as that of the 
gold and diamond mines decreases. Coal is 
,n>and to some extent in all the colonies. 


Occupations; At the present time the 
mining interest, helped by the introduction of 
indent\irod Chinese labour, is in the ascendant. 
It must, however, not be forgotten that mining 
tends ultimately to impoverish a country, not 
to enrich it. In its vast pasture lands South 
Africa has a more permanent source of wealth, 
and wool, hair and ostrich feathers may prove 
in the long run of more value than gold or dia- 
nionds. The veldt and Karroos are at present 
thinly settled, i>artly because the ^inness of the 
covering of vegetation makes a great extent of 
pasture neee.ssary. The future of agi’iculturo is 
hound up with the (piestion of irrigation. Manu- 
factures hardly exist., and towns are few and 
small relatively to the vast area of the country. 
TIu‘ chi('f disadvantages of South Africa are the 
dry climate, the absence of navigable rivers 
and timber, the scourge of locusts and the 
dist‘aseS of plants and animals, as as the 
want of racial unity. 

Peoples. Two kindred European races — 
the English and Dutch, both endowed with 
fine qualities, at prevSont regard eac5h other 
with suspicion. This is least marked in Capt? 
Colony, where the mining interest is less prom- 
inent. Opposing econoniie interesls, as every- 
wheri* else, count for more than communitv "of 
race. 

'riie native races of South Africa represent 
well-marked stages of economic? developm(‘nt. 
Tht‘ diminutive Bushmen depend ehielly on 
what Nature oilers, and neither keep stock nor 
prac*tis(? agrieultiire. The Hottx?ntots are a 
pastoral jK?opl<\ The finest native race is the 
tall Kallir, of Bantu stock, who possesses animals 
and practises agrieiiltiirf*. Hus race alone is 
likely to escape the destiny by which lower 
races diaaf)f)ear before the advance of the 
higher. 

Cape Colony. This is our oldest South 
African Colony. It is chiefly ptuitoral, producing 
wool, hair, ostrich feathers, tobacco, and some 
wine and brandy. It has few good natural har- 
bours, and no navigable rivers. (Jape Town, tlie. 
ca})ital and chief port, is magnificently situated 
between mountains and the sea. Simonstown, 
in tlu? vicinity, is a naval station. Port Eliza- 
l>eth, on Algoa Bay, is built in a bare region, 
surrounded by low hills. East London is the 
port in this colony nearest the Transvaal, to 
which most of iUs imports go. Grahamstown is 
the chief inland centre in the east, and Kimberley, 
which owes its prosperity to the diamond mines, 
in the north. 

Natal. NaUl is more diversified in surface 
than Cape (blony, and lias a hotter summer 
climate. The coastal regions are very fertile. 
There is a smaller proportion of waste land than 
in any other colony. Tea, coffee, bananas, 
and all manner of tropical produce ar^ raised 
near the coast. Stockkeeping is the chief 
occupation up-country. Durban is the port, 
and Pietemiaritzburg the capital. North of the 
Tugela, but includod in Natal, is Zululand, 
containing some of the finest pasture land in 
South Africa and considerable stores of co^ 
and gold. 
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Orange River Colony. 

Thift is a grass land, engaged in 
cattls and sheep breeding, with 
agricultural land in the east, and 
diamond mines in the south- 
west. The only considerable towti 
is Bloemfontein. 

The Transvaal. The 
Transvaal is a grass land, with 
warm valleys opening to the 
Limpopo. These arc well w ooded, 
but unhealthy. Little land is 
yet under cultivation, though 
much is well suited to agriculture. 
Stockkeeping is the chief occu- 
pation on the thinly-ix^oplcd 
veldt', where the capital is Pre- 
toria. The mining interest and 
dense* population centres in 
Johannesburg, the larg(*st and 
richest town, the middle of a belt 
of gold mines 50 miles long Coal 
is mined at several centres, and 
a rich diamond mine is exploited 
east of Pretoria. 

Rhodesia. The greater part, 
of Southern Ithodesia consists of 
undulating, grassy down.s, or else 
h)w forest land, sinking to the 
diy Kalahari in the south-w^est, 
to thi? Limpopo in the soutli-east, 
and to the Zambesi in the north, 
(lold-bearing fiuartz reefs are 
numerous. Coal is mined at 
VV^inkic on the railway betvv(?en 
Bulawayo and VMetoria Falls. 

Tile country is less dry than 
that to the south, as it lies in 
the belt of tropical summer rains. 
Below an altitude of 4,()()() ft, 
fever is veiy f)f*evalent. The 
development of the t^ouiitry is 
only beginning. The c*a})ilal is 
Salisbury and the largest town is 
Buhiwayo. 

The Cape to Cairo Rail» 
way. In a countiy which has 
no navigable rivers, and where 
immense distances must be tra- 
velled through thinly - peoph'd 
and poorly-watered countiy, the 
construction of railways is essen- 
ti.a! to the development of the 
country. A line has been built 
from Cape Town to the Zambesi, 
and will in due time connect 
with tlic raihvays of Egypt and 
British East Africa [133]. It 
Qlimbs by the valley of the TTex 
jliver to the Great Karroo, which 
it crosses to Beaufort West. It 
then ascends to the High Veldt, 
and reaches Be Aar Junction, 
whence branches run to Port 
Elizabeth, East London, and 
tlrrough Bloemfontein and Johan- 
nesburg to Pretoria and to 
Durban. From Pretoria a line 
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runs to T-orenyo Marques. From 
Be Aar Junction the main line 
eontinues to Ivimherley, to Four- 
teen Streams (where the direct 
line to Joliannesburg now leaves 
it), to Maft^king, Bulawayo, and 
the Zambesi, and is now open 
to Broken Hill in Nortli-We.st 
Rhodesia. From Bulaw’ayo a 
branch goes by Salisbury to Beira, 
ill Portuguese territory. 

African Islands, "I'hc 
French island of Madagascar 
(‘230.000 sq. miles) is low in the 
\V(‘st, and gradually rises to a 
plateau which is highest in the 
east, and sinks in ' steep escarp- 
ments to the low easti'rn coastal 
plain, with its fringe of lagoons. 
M’he east has heavy summer rains, 
and is densi*ly forested. The west 
is a inueh drier .savana land. All 
forest ])rodiictK are important, 
(‘spc‘cially rubber. Trojiieal pro- 
duce of various kinds- is culti- 
vated on the plateau. The 
western Havanas arc inhabited 
by })astoral peoples. Tho mineral 
w’l'alth is very great. Tamatave 
is tho i>ort, from wKich a railway 
is b(‘ing built to Antananarivo, 
the capital, on the plateau. 

Reunion (1,000 sq. miles) is 
also French. It is a beautiful 
volcanic island, ri(*hly woodc'd, 
and grows sugar, vanilla, eofh*!*, 
and cacao on the ))lantations. 
Tlie capital is St.. Denis. 

Mauritius sq. mil<‘s), for- 

iiKTly the Tsle de France, wuth 
its ti(*p('nd(*n(*ies RodT-igiu*/, tlu^ 
Admiralty Islands, the Seychelles, 
the Gliagos Archipelago, and 
sriialli'r islands, is a British 
possession. Mauritius is a vol- 
eanie island fringed w'ith coral 
rtiiJs. Port Louis, the capital, in 
the north-west, is the chief har- 
bour, from which a railway runs 
across and almost round the 
island The sugar-cane is the 
most important crop, and coco- 
nut palms grow round th(^ coasts. 
Two-thirds of the inhabitant;', are 
eooli(‘s from India, but negroes, 
(3iin(*se, as well ns French and 
English .settlers, live on the island. 

OtT the w(^st coast are the 
Azores, Mad<*ira and Cape Verde 
Islands belonging to F^irtugal, 
the Canai’y Islands, with tho 
line Peak of Tenor iffe, belonging 
to Spain ; and Sti. Helena anti 
Ascension, belonging to Britain. 
All are volcanic. The Canaries 
and Madeira are famous for tlieir 
fruits, wines, and vegetables. 

Co'fUinued 
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41. jyj<;iiTDKio.ss 

CITT JN ONK 


riC. 41 illustrates si Froneh night dress pattern, 
cut all in one, -which is particularly com- 
fortable for flannel, as it fits somewhat closely 
at the back. This shaj^o can easily be evolved 
from a bodice drafting. 

The ccntre-fi'ont is plact'd to the selvedge, so 
that there is a seam at front and back. A piece 
•W’ill have to be joined on at tlu^ 
low(*r ])art to make tho m^cessary A 

width. The neck can be * (J \ 

liiiished off -with a collar, or I 

in any w'ay preferred, 
w'hilst the sleeve can bo 
the same as the fore- 
going. This pattern 
nlscj forms an ad- 
mirabk* one for a 
simple dressing-gown. 

Lastly, wc have that, known 
as the “ djiheh ” shap(\ one of 
the later novelties, the id('a 
of -which wim taken from Hit* 

Turkish djiheh, which has no 
fastening, the garment being slipped on ov(T 
the hea(l [42]. This style, however, always 
rt*quircs a quantity of embroidery on tlie front, 
the hack always being plain. Fig, 43 gives 
an idea of the shape. 

A to is Jialf entirf^ cliest measure ; 
this paltern retpiires to be fairly roomy 
across the chest. A to (\ half neek 
measure ; A to T), one-third of sam(\ 

'Phe back neck is slojx^d down about 
1 in. ; C to E about 5 in., for shoulder ; 

B to F, 8 in. Curve from E to F for 
front armhole. D to H, length of front ; 

H to I, 28 in. for front lower edgt*. Slope 
and f5Ut as shown, making hack 2 in, 
lees than front. T\\o sides can be sloped out 
more if required. 

The shoulder can be placed to the fold or 
tucked to back. The edge, of course, must bo 
embroidered and the neek dra-wm in by means of 
ribbon passed through buttonholed slots, as 
marked in the diagram. 

sleeves should be cut rather wider at 
the wrist than the asual shape, and they aro 
finished off and drawn up in the sfimo w’^ay 
as the neck part. 

For the drafting of an Empire yoke the worker 
should refer to Tailoring, cutting this, however, 
a little shorter. 

For a nightrlress of average size, 5 yd. to 
0 yd. of 36* in. material must bo allow^. 

Camisoles c The shape, style, and making 
of the camisole, or nnderbodice, are legion, but 
all with the exception of 46 are leased on the 
bodice pattern, which may be utilised with 
3588 
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one, two, or more side piece's and darts. The 
various portions are usually joined by a flat scam 
stitched at each edge, but in the more expensive 
and elaborate bodices the scams are united by 
veining or beading. 

Fig. 44 depicts a bodice of fine cambric in 
which all the seams are whipj>cd and united in 
the manner above-mentioned, which has a very 
charming efTect. but which sliould not be 
att<‘iuf)ted by indifferent wfirkei’s, as it is so 
easy to get the fiattern out of shape. 

Fig. 45 gives an American sha])e, the charm 
of wliich is that it requires no fastenings. It 
can be cut from tlu; bodi(‘i=! patt(*rii, as shown by 
the broken line, tlu' front being extendc'd from 
tin* shoiildi*r into a jioint at the waist, this point. 
(l»‘p('nding on the* si/e of w^aist, as it only needs 
to (‘xtend beyond tlie iind<T-arm seam. The 
making of this corst't -cover is a very simple 
niattcT, and the trimming can be added according 
to taste. 

Fig. 46 illustrates a drafting of a bodice cut all 
in one, in which the front seam comes on the 
cross. This, however, is a pattern better stiited 
to slight than stout figures. It is made with or 
witlumt an added basqiK', as preferred. For the 
drafting, take a piece of papt'i* times the 
length of back, and wider than half of 
chest measurement, and fold it in half. 
Divide length into throe parts, mark 
tliem respectiv(*ly A, B, and 0, and rule 
lines at right angles. C to I), quarter 
of waist measure ; B to E, half chest 
rneasurc. Rule a line from D through 
E to F. Fold paper at this line and 
mark O exactly imder A. Open out 
again, draw a line from F to G, and 
mark A to H one-sixth of neck. Curve 
dowm J in. for back neck. 

G to J, quarter of neck measure ; draw line 
from H to J. B to I, half chest ; draw line from 
G^to I. Q to K, quarter of neck ; curve from 
J to K for front neck. Extend 
I to L for length of front ; 
measure C to L, half of waist, 
and flnisli front. M is midway 
between C — L and D. Curve as 
shown by the broken line. 

J to P, 4 in. to 5 in., as 
required for length of shoulder. 
H to O, the same. Lower the 
latter, raise the former J in., 
and draw shoulder lines. M to 
N, lei^h of underarm ; curve 
from 0 and P to the point for 
armhole, as shown, hollowing out 
front a little more thaai bo^. 

For J;he basque, see Knickers 



48 . DJIBEH 
DRAFTIKO 




DRESS 


in Fig. 80, or cut to the same as the lower 
portion of bodice just drafted, making it a littlf‘ 
larger. If tucks be required, extend fronts from 
K to L, the needed amount. 

The sleeve can be any shape desired. 

Many camisoles are mode with full or tucked 
fronts, without darts, and for evening wear the 
shoulder straps are either of insertion and lace 
or ribbon, whilst very dainty corset-covers have 
been made from two hemstitched pockethaiid- 
kcrchiefs. These, however, are all fancy alTaii*s, 
which the maker can easily evolve from a 
d(‘.sign or imagination. 

Embroidery now forms, in many cases, the 
sole decorative finish of tin* more elaborate 
camisoles, the fronts being omariKuited in some 
pretty design worked in satin stitch, and t lie 44. < 

edge in buttonholed scollops, small slots being 
worked at intervals to ])uss tlui ribbon through. Irish work 
For such bodices, fine linen is generally used. means of sr 

''rransparent instTt ions arranged in d(‘sigriH, thi'n t 

with and without tucked centres, ^vorker 

also form an important part of — \ mat 

fine trimmed undcu'wear. The 1 \ \ ^titc 

insertion must first be tacked on ? \ J (Ji 

the garment in the required j | *, 

design, care being taken to keejj i / \ • n. 

the two sides exactly evem, and J / 1 

to tack it fairly closely at each / I • 1 J 

edge. Various stitches and ' ~- 

methods are eiufiloyc'd in the 45. crossoveu camtsole 
working of such trimming, so no 

hard-and-fast rule can be given. ^ 

In the (;}ieap(‘r forms the insertion 

is merely stitc.'hed at t‘ach edge, and | 

tlum cut away on the wrong side*. I / / 

This, how(‘ver, is not salisfactor>' , \ Je / \ 

for fine goods, as the edges soon I / 

pull and fray away from the inser- * yt, 

tion and (piite spoil the look of / 

the garment, / / 

When the iiisca tion is tac ked on — 

the right side, eul the material / 

through the etailrc) of the design on 
the wrong side (using shoi t, blunt- ^ 

pointed scissors), snipping well any 

curves to make these set well, as 46. rNi)iCKB(>Di(;K err in o.v 
in ciubrt^idc?ry, then turn down thc^ 

cut portion to the edge of the insertion on the Inch ean 
wrong side, and oversc'w firmly and vi‘iy closely flounee add 
together on the right side. In sumo of the Front V 
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Irish work tlu' two edges are sewn together by 
means of .sat in stitch, forming a raised edge*, and 
thi'n cut away afterwards. Again, some 
workers buttonholi* the edges of insertion 
. \ material, whilst others uniti* the two by 
N. stitch somewhat similar to that in the 
(JiTinari st'am, and others whip the 
* g(‘S on the wrong side. Tlu^ method, 

\ however, is not important, pro- 

• « vided thi^ result be neat and 

1 I strong, and the above directions 

^ give as good a result as any. 

Li CAMISOLE I'Si^ very line embroidei’y cotton 
or Harris’s lace thread. No. 80 or 

^ lot), tin* latter being excellent for 

thi* purpose. Fig. 47 shows the 
^ method above-described for traiis- 

j pari'iit insertions : {a) the insertion 

/ ( 7® sewn oil and material lait through 

^ I / on wrong sid<* ; {h) tJic insertion 

yK sewn on and edges nea toned. 

/ From i yd. (or less) to JJ yd. of 

3fi-in. jnali'iial is usually required 
— for a corset -eovi'i’. 

y Petticoats. As the majority 

^ of ])ettieoats are now cut on the 

lini'S of a good skill, being cither 

It or 5 pici'c a Hairs, we have only 

KcrTiNO.VE included the drafting of a ])lain 
gored one interidi'd for llanncl, but 
Inch can be easily lengthened or have a 
flounee added for an underskirt. 

Front Width. A to Jt, one-sixth of waist; 
A to C, 1 J in. ; C to I), length, jiJus 4 in. (giving 
two tucks I in. deep) for tucks and 2 in. for hem ; 
It to E, J in. more than C to D. 

Side Gore. A to E, half of waist, less 2 in. ; 
A C, one- twelfth of waist measure ; 0 to T) 
corresponds with It to E of front width, and 
B to E the* same 

Back Gore. A to B, half of waist, plus I in. ; 
(! to 1) and Jt to E are the same as in the pre- 
ceding gores [48]. 

Yoke Band. See Diagram 30, making it, 
however, a little more pointed in front. 

This petticoat, if made of flannel, must, have 
the seams herringboned, whilst the. lower edge 
can be festooned [21], or it can be finished off 
with a lace or scolloped frill, or one composed of 
lace and ribbon. 
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For the ditifting oi other goired skirte^ see 
l>Ei!8sxAKiN<i» oIho for the sloped ficmiiee» if 
this be desired. 

PriAcesft Pattern. 

can be drafted from a 
bodice and skirt, but full 
directions for the drafting 
of a Princess dress are given 
in TAirx>RrN<i, which can he 
simplified for a pt'tticoat — -f. e . , 
made with only one side' piece, 
also shorter and less full. 

Many jupons arc now mad€‘ 
with top of clo.sf‘ly - fitting 
raati'rial and reitunable flounces,, the latter 
being st^cured to the^ foundation by buttons and 
buttoiihe)K;s, or by ribbon passed through slots 
in both Hounces and foundation. 

For the slots, see CfiiLOHKN's 
Clothing. 

Fig 49 illustrates the method 
of tiniahing off th(' waist part 
and placket-opening of an ordi- 
nary i>etti(;oat. "nie strip h^r 
neatening the waist must be cut 
on the cross to set well. In some 
cases, this is piped to make? it 
strongx'r, but the cord must bo 
veiy fine or it will make a ridge. 

The average quantities for petticoat 3 >n.l. 
of flannel, and 4 yd. to b yd. of 30-in. goods ft>i 
underskirt, with one or two plain frills, but 
elaborate silk one will neofl 
7 yd. to 9 yd. In calculating 
for sucli tH‘tticoats, the ne<*es- 
sary quantities of which vary 
very much, it may be some 
guide to reckon 3 yds. of 
30-in. material for the upper 
part, and then jidd on what 
may b<' required for tlu* 
flounces. Directions for cal- 
culating the quantities were 
given ill Drkssmakinu. 

Bed-room Wear and 
Negligees. Under this head- 
ing we may include, dressing 
and bed jackets, and various styles of morning 
and dressing gowns. 

As in all other classes of garments, the shape 
and variety is infinite, and it would 
be impossible to deal with all, but 
the student who has followed the 
course? should be able to construct 
any design she wishes by the aid of ^ 
the diagrams given and a bodice 
pattern. 

As the dressing-gown with a 
Watteau pleat at back is always 
more or less a popular shafie, we 
havY3 selected this as an example. 

Na 60 gives the diagram, which, 51. watteau 
as wull be seen from the broken flbat 
lines, is cut from the bodice 
pattern, the pleat being added at the back, as 
well as the required k'ngth from the waist. The 
broken Imes and crosses indicate the portions 
which arc not to bo cut out. 
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The sleeves, of comrse, can l)e made ol the 
prevailing shape, and if a double-breasted gar- 
ment be desired, extend the 
right front as much as may 
be liked beyond the fold of 
centre, which should Ik? 
carefully marked. 

The Watteau pleat should 
have the two edges care- 
fully seamed up on the 
wrong side, opened and 
pressed, and then be turned 
insid(? out like a bag, and 
pressed with the seam 
even with the c(?ntre fold. 

No. 51 shows the pleat made and ready to be 
secured to th(' back neck, as shown by the two 
crosses, when it will be sewn in 
u ith tlie neck- band or collar. It 
should be dmwn a shade tiglit, 
ii.fi., not allowed to hang slack, 
which will keep tlu? pleat out well 
in the shape cit the lower part; 
but, of courst*, it must not drag in 
any way. For such a gown, 4 yd. 
to 5 yd. of 44-in. goods will be 
needed, without tuminus. 

A yoke dressing-gown can be 
out «3n similar line's to the nigbt- 
dri'ss shown in Dhigram 40, allowing, of course, 
extra fulness at front and back, and sloping 
out the sid(‘ scams. The nec;k of yoke may be 
rounded if wished, or it may, 
of course, be made? in pointed 
style, whilst for the cutting of 
an American yoke full direc- 
tions were, given in Dress- 
making. 

A “ Kimono shape can 
be evolved from No. 50 by 
making tlu? fronts a little 
wider and sloping off from 
the shoulder to about the 
waist part. The back may bt? 
slrapt^d slightly, but the gar- 
ment beloved in the I.iand 
of the Rising Sun is innocent 
of any shaping and fulness. 

Teaegowns. The tea-gown forms a class 
in which elaboration and trimmings have 
quite put into the shade its 
original idea and meaning ol a 
simple, toosely-fitting robe to be 
donned in the mtimaey of one’s 
private circle. 

The Empire yoke and stylo 
makes up very charmingly for such 
gowns, and is capable of rnneh 
ornamentation. For the drafting 
of an Empire yoke or bodice aeo 
Tailoriko, where full directions 
arc given. The skirt part may also 
be cut as there shown, adding on 
the length and fulness required. 

If the skirt part be preferred gathered 
at the top, all that is necessary is to 
add seme’* inches more at centre back and 
front. 
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This stylo will form an oxoeptionally graceful 
gown with the neck part finished off with a fichu 
of soft silk, net, lace or muslin, and 
frilled elbow sleeves, whilst one or 
more frills could finish off the skirt 
edge. For other and more elaborate 
styles, the worker should consult the 
cun*ent fashion papers. 

Dressing JacKets. Hero again the 
variety in make and style is infinite, but 
the majority of dressing jackets are 
made either in sacque or yoke form, 
with or without collars, as preferred, 
and these, we think, the worker will 
be able to manage for herself with the aid 
of the preceding diagrams and explanations. 
We have, however, in 52 selected 
a combing wrap of charming simplicity 
of make and arrangt^ment-, ('apahle of 
being made into either a fascinating 
shoulder covering and adoniftumt, or 
as an addition to the wardrobe for 
indoor wear. 

As will be seen, it consists of three 
parts— front, back, and armhole frill — 
the latter taking the place of sleeves, as 
the sides are open and th(; garment is 
merely passed over the shoulders [53]. 

For a combing wrap, cambric, muslin, or 
flannel can bo employed; but for the seeond- 
n a m e d purpose, orienial- 
patterned silk would he the most 
suitable, edged with a fold of 
plain cross-cut. silk, satin, or 
velvet. Al)Out 2 yd. of 
^lO-in. material should suffice* 
for this wrap, in wliich there 
are only two scams and no 
fastenings. 

Diagram 55 gives a drafting 
of a jacket, either for cornicing 
purposes or for invalid use. 



the cose of invalids. Tf necessary, the jacket 
need not be joined at the underseams, 
but only at the armholes to the 
^ noek. so that it can bo slipped 
round the shoulders and fastened by 
. buttons and buttonholes or ribbons, 
the sleeves being drawn up like 
those of the “djibeh” style, or left 
loose [641. 

Tlu* broken lines show the varia- 
tion in this pattern from the ordinary 
shape*, so that it could be cut like 
63. COMBING WRAr the other garments from a bodice 
patU*Tn. By followifig these, broken 
outlines the ordinary sac<iuc sliape would be 
obtained, but for elderly p(*opleor invalitl use the 
Raglan shapt^ (shown by tlu? firm lim*) 
is infinitely preferable. The double 
broken lines show the full sleeve sketched ; 
the thick lino the plain Raglan sleeve, 
which is better for invalid use. If made 
of cambric, the s('ams shoukl be of the 
French variety, but if of flannel they 
must be hcrringlMmcd down (piite flat. 
About 2 yd. of IlO-in. material will be 
rccpiircd for this jacket. 

An excellent shape for an invalid night- 
dress is the “djibeh” shafw, made 
clos(*ly at the nock and fastened at 
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65. Dfl.XETlNG OF DKFSSINC 
SA(.QirE 

arm hole m*cd I c work . 

seams extending to Uie neck, Avliioh makes for an indinerent worker to prodiu^e "dainty and 

attractive lingerie. 


to fit 

th( shoulder, the upper part of sleeve level 
w'ith this being left open and 
fast(^nc*d when on by buttons 
and buttonholes, or tapes and 
ribbons. If necessary, one side? 
seam could also be arranged to 
fasten in the same way [42 
and 43]. 

As it has already bcM‘n pointed 
out, the whole beauty of this 
class of woi k d(*|)(uids upon the 
liiKuiess and excellence of the 
It is practically impossible for 



ease in slipping on, an important matter in 
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How the Materials Used are Prepared. Shaping; and 

CuuUiiiM>«l from 

IMHCo y.m’i 

Baking Wafers and Confectionery, Ship and Dog Biscuits 


By CLAYTON BEADLE and HENRY P. STEVENS 


•yHE dainty and attractive articles of food 
called bis<niit8, in the form in wliich they aro 
known to-dav, aro essentially modern innovations, 
and the industry (lonncctod with their intro- 
/luction and also of the machinery nec<‘ssaiy 
for their manufacture are essentially English. 

The Biscuit Industry. The term hiscniU 
spelt in various ways, can, however, l)o traced 
bock for many centuries. 'J’he origin of the 
name, according to (hbbon, the historian, has 
reference to the practice of twice baking broad 
in a special manner when it was required for 
very long voyages, or for military campaigns. 

The method of baking the goods as indicated 
by the name has not, however, been pre.^ crvcil 
to any largo extent. Some few well-kriowu 
biscuits, notably the ninka of various kinds, 
aro still twice baked. TJio only other instance of 
a double treatment in cooking is in the of 
cracknel biscuits, where the material is first iK^ik'd 
and then baked. 

Previous to about 1830, biscuits of a certain 
characiter had been known and were appreoiatt‘d 
amongst the 61ite of sotuoty. These biscuits, 
however, having to be made entirely by hand, 
wore comparatively high in price and were 
consequently the luxury of the few, Tlie intro- 
duction of machinery, with fho consequent 
enormous increase of f)roduction, together with 
fiw import of the raw materials necessary for 
biscuit manufa^jture, have contributed to the 
popularity and clieaponing of these articles of diet. 

Machinery. Biscuit-making machinery is 
in its essence but an application of the old world 
method of mixing flour and other ingredients 
into a dough, rolling it out, cutting it into slia|)CH, 
and baking it. Some modifications have been 
made in the maidiinery from time to time, 
but possibly in no other industry have fewer 
alterations been made ; in fact, in the works of 
Messrs. Peek, Froan, who have been good 
enough to give us the benefit of their opinion 
on many important points, are many machines 
which have been in continuous use for thirty 
years or more. They are doing as good work 
now as when first introduced, and could not 
be improved upon by any machines of more 
recent make. 

In the dry store-room of a large biscuit works, 
which may be regarded as the starting point, 
certain raw materials, such as eggs, coconuts, 
almonds, raisins, sultanas, and currants, are 
sorted and freed from dirt, stalks, husks, etc. ; to 
some of these wo will make detailed refonmeo. 

In a largo factory some hundreds of tons 
of eggs are used in the course of a year, 100 eggs 
Weighing from 16 lb. to 18 lb. When proper care 
is exercised, each egg is broken individually by 
368 ® 


hand, just as a cook breaks an egg on the side 
of a basin. After each has boon examined 
to see that it is quite fresh, the yolk and white 
aro thrown together into gallon pans. Each 
gallon is then further tested by an overseer to 
K(‘o that no musty eggs have been overlooked by 
the girls whose work it is to test them. One 
musty egg would spoil a whole mixing, hence ^ 
the necessity of examining every egg. Tlio mixi^l 
white and yoke is then passed through a sieve 
to remove any particles of egg-shell, etc., into 
a whisk holding two gallons, when, after whisk- 
ing, it is ready for use. The egg-shells are burnt 
as they aro ui eless. AtUuiipts have been made to 
utilise the albumen adhering to the egg-sluills, 
hut without success, on account of the attachecl 
dirt contaminating the cxtrticted albumen. 
Such extracted albumen, although unfit foi 
human food, might find useful application in 
other directions. When the yolks and whites have 
to bo separated, large eggs, such turkey eggs, 
aro, by prc^fcrence, usi^ci. This separation is 
done by hand, exactly as a cook doe^ it — ^namely, 
by breaking the shell and tipping the yolk from 
one shell to another, in such a way* os to allow 
the white to run off into a basin. The yolk • 
is used for rich cakes, and the white for such 
goods as macaroons, while the w^liole egg is 
u^:ed for ordinary (pialitios of biscuits. 

MUR. ]\rilk is also used to a very lai^e 
extent, and to ensure its absolute purity, every 
delivery is examined by the resident analytical 
chemist. 

Coconut. Coconut from wliich the oil has 
b(*en extracted before shipment, by means of 
pres.su re after grinding, arrives at the works 
lirmly pressed into wooden tin-lined cases. The 
agglomerated lumps are broken uji and passed 
tiuough automatic shaking sieves of different 
meshes, so as to separate it into three different 
grades of iineness to bo used for different kinds of , 
biscuits. 

Almonds. Almonds are first filled into a large 
basket of wire gauze and plunged for five minutes 
into a cauldron of boiling water. After removal 
they arc fed on to a travelling belt, which 
carries them to a chute and drops them between 
a pair of rubber rollers, set just the right distance 
apart to squeeze the almonds so as to make thorn 
jump out of their husks as can be done between 
the finger and thumb. They then pass through 
a pair of wooden rollers to remove those husks 
wliich have escaped the first pair. The skinned 
almonds then fall on to a tray, while the husks, 
lieing comparatively light, are winnowed by 
means of a fan in the opposite direction. The 
alnionds are then hand-picked to remove any husk 
still adhering, and then dried at a temperature 
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of 100° F. The manner slicing now to bo 
employed will depend upon the purpose for 
which the almonds are to be used — ^whether for 
^vouring or for ornamenting cakes, etc. They 
can be either cut crossways, lengthwise, or cut 
or split along the seam in the narrow or broad 
way of the almond, or merely ground up. The 
cutting machine consists of a wheel which 
revolves against fixed knives passing into grooves 
in the wheel. This wheel is fitted with numerous 
recesses, into which the almonds arc fed by hand 
while it revolves. The cut almonds drop into 
boxes beneath. When used for confectionery, 
the almonds arc not husked, as the presence 
of the husk in the cakes is beneficial, giving a 


treatment, fell through the wire. In the second 
dresser the currant^s met with a jet of water, 
whci-eby they were thoroughly washed, and then 
passed on to a rocking sieve which struck the 
surface of water with a peculiar oscillatory 
motion, that caused the currants to travel 
forward, but de|X)sited the stones, which tjj'll 
between the crevices, and tlie dirt bctwc'cn the 
wire mt^shes. The currants were then dried by 
means of a centrifuge. 

As a simplification of the above, sultanas 
and currants are now washed in the same 
machine. 1’hc cleaning is dcnie in a semi- 
circular sieve suspended in a tank of water, 
through wJiich the Ijeaters work backwards and 


peculiar and agreeable flavour. Such almonds 
are largely obtained from Majorca and Valencia. 

Sultanas. Sultanas arrive at the works 
pressed together in cakes ; the cakes are 
brokc^n up and the separated sultanas mixed 
with a small quantity of dry 
flour. They were formerly 
“ dressed ” in a gauze-covered 
trough, in which two ))rongcKl 
stirrers fitted with wooden teeth 
moved to and fro in 
opposite directions. In 
this way the flour and 
stalks, etc., were separ 
ated from the sult<xnas, 
and fell through tlie 
xvire bottom and sitles 
of the machine. This 
flour was used over and 
over again for fresh 
quantities of fruit, 
until it became too dirty 
for further use. With 
out admixture with a 
dry sulwtance, silch 
tis flour, it was not 
possible to remove 
mechanically thc*se 
impurities on 
account of the sticky 
nature of the sul- 
tanas. They wcto 

then hand-picked 1. bkaki*; mac 

and sorted to free 
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forwards and thoroughly remove th<‘ dirt ; the 
semicircular sieve is tlum tipped up and the 
contents drox)pcd into a centrifuge. 

Flour. Flour as received from the millers 
is “ redrcs.scd ” before being used for biscuit 
making [see Millino, page 3078], ns an 
e.xtra precaution. The bkmding of ditTer- 
ent flours according to requirements is 
done before the “ redn'ssing,” s(>metimc« 
in large nwolving cylinders 
called “ bkmdcrs,” each of 
which holds the contents of 
about ten .‘•acks of 
flour. Tlie most 
up-to-date flour- 
blciiding maclunc 
consists of a fixed 
cylinder [ see 12, 
))age 3395], round 
the bottom of 
whitili a revolving 
knifi^ movt^ and 
cuts off an equal 
quantity from each 
of the compart- 
ments into which 
the cylinder is 
divided. The 
blending and sift- 
ing of (he flour is 
then continued. 
The re‘dr(*ssed and 
jE tT. A T. N’ii ars) - blended flour is 

then taken to the 


them from any stones which may not have 
removed in the basking machine. This 
•was done by girls, who pas.s(>d the sultanas over a 
tray covert with perforated zinc, when any 
stones present were detected by grating on the 
metallic surface. This elaborate process was 
considered necessary to completely cleanse the 
fruit, and to ensure that no gritty matter or 
impurities found their way into the confec- 
tionery. 

Currants. These come into the works 
in cases, half eases and quarter cases, containing 
I cwi.^ lb. and 30 Ib. respectively. The 
modus operancli, until recently, was to fill them 
into a “ dresser ” consisting of a slowly revolv- 
ing cylindicT covered with fine parallel wires, 
inside which a brush revolved. The currants 
traySited down this wire into a second “ dresser,” 
while the stalks, which wore removed by this 


mixing-room to bo made into dough. 

The Mixing-room. In this department 
the major ingredients of the different biscuits 
arc weighed, measurtnl, and mixed. Hie flour, 
.sugar, etc., arc filled into large hopx)ors capable 
of- holding two bags of flour besides the other 
ingredients. When the hopper is full, a trap in 
the bottom is raised by means of a cord, and 
the contents shot down into drum mixera 
situated in the room below, where the liquid 
ingredients, such as milk or water, are added. 
The mixers [1] consist of iron drums through 
which a square shaft passes. This shaft is 
provided with arms in tlie sha|)e of loops. 
3’hcsc, however, get worn to a sharp edge? by 
constant friction. When the drum has been 
filled with the charge, a large cover is drawn 
up over the “ man-hole ” by means of a hand 
wheel. The agitator is then made to revolve 
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until the mixing, which takes an hour, more or 
less, according to the constituents, is complete. 
The contents of the mixer arc then emptied into 
a wooden truck. There is another form of 
mixer called a sojl dough nnxn' (2]. This 
consists of two vertical shafts side by side and 
fitted with blades disposal in corks(!rcw fashion. 
Thest? shafts revolve in th(^ same direction, and 
thus give the dough a grinding and thorough 
kne^uling. The dough to be mixed is filled 
into large wo<xl(“n tubs, which are then run 
underneath the mixer, the knives of which are 
lowered and s(‘t revolving. 

Rolling. Th(^ itiachiri(!-ioom and bakehouses 
comprise the de- 
partment in wliiiiJi 


80, according to size. The “scrap” — ^name1>, 
that portion of the sheet of dough between the 
cut biscuits — passes on to a separate felt up 
over a roll, whence it is caught on a tray, 
taken back to the “ brake,” and used 
again. The biscuits deprived of their scrap 
fire convc;yed on the felt, whence they arc 
transferred to travelling iron trays carried 
under the felt on cliains. The biscuits fall in 
regular lines on to these trays, and if for any 
reason a row of biscuits has to be removed from 
the felt, the motion of the tray can be arrested 
till the next row is ready to fall on to it, when 
it is allowed to proceed. If this were not done 

the tivays would 
not receive a 


the actual making 
of thebismiit takes 
place;. 'I’lu; dough 
is first put through 
the; hrah'f whiedi 
consists of an 
endless felt travel- 
ling between two 
iron rollers 1 3]. 
The motion of thi‘ 
rollers can \k' re;- 
V(Tsed by m(‘ans of 
gearing, and i he 
roll can be raised 
or lowenxi by 
means of a hand 
wheel. On this 
machine the dough 
is rolled into a 
shec't of any de- 
sired thickness by 
being made' to pass 
to and fro under 
the roll, which is 
gradually lowered. 
The dough is kept 
well dusted with 
flour to prevent it 
sticking to the roll. 

The dough is 
next taken to tlu* 
cuUing machine„ of 
which the latc.st 
type is shown in 4. 
It is })Iac(‘d on an 
endless travelling 
f(»lt, and dusted 
over Avith flour to 
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I’cgiilar (diarge, 
and consequently 
the biscuits would 
not be evenly 
baked in the oven. 

Spraying. In 
certain cases, as 
with ginger nuts, 
each tray, as it is 
filled, is lifted oil’ 
and passed by 
means of a band 
under a hood, 
where the atmo- 
sjfiiore is charged 
with a fine spray 
of Avaier. Biscuits 
so sprayed are seen 
to possess a fine 
film of moisture on 
th(‘ir surface, Avhich 
iin]>arts to the bis- 
cuits a gloss Avhen 
bakt'd. From this 
machine tlu; trays 
of biscuits pass 
through the ovtais. 

The Ovens. 
I’ho trays are 
n o w laid on 
tiwelling chains 
provided at equal 
in ter vals Avi th 
spikes that catch 
the edge of each 
tray and carry 
it forAvard through 
the oven at a 


prevent it sticking to a roll under Avhieh it next 
passes. There are usually two j)airs of these 
rolls, the first of A^’hich presses the dough to, say, 
twice the thi(‘kness requii’cd for tlie biscuit, and 
the second to the actual thickness, ^’he practict) 
of brushing or spreading the flour with light 
brushes by hand has been superseded by a 
revolving brush. 

Cutters. The dough then passes on to 
another cndies.M felt (4, far end], which moves 
forward in jerks, and in this way is carried under 
the cutters which stamp the shape of the biscuit 
out of the dough. 'J’lie numlwr of biscuits 
stamped out at ouo operation varies from 0 to 


uniform speed, which can be regulated to suit 
the baking. "J^Jie ovens are now constructed 
50 ft. long, and are heated by producer gas 
generated in tlie works [5]. The time taken by 
the trays to pass through the oven varies with 
the class of biscuit. With ginger nuts, the time 
is about twenty-five minutes. With this par- 
ticular kind of biscuit, one cutting machine 
supplies tA\^o ovens and turns out about 85 cwt. 
per diem. Each tray takes 84 ginger nuts. 

Sugaring. Biscuits are sugared from a long 
rectangular box which stretches the whole width 
of the machine. Tlio box is mechani«ally 
shaken up and down, causing the sugar to 
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lall tibrough in a regular ahowor on to the dough 
piififting under it. Biscuit fingers are made and 
cut out much like ordinary biscuits, but they 
are carried off on wire trays instead of on 
the ordinary iron ones. As they leave the 
cutter they 
aro thin, but 
slightly 
rounded on 
the top and 
nearly flat 
underneath, 
so that when 
baked the 
expansion of 
the upper 
surface 
causes them 
to curl up 
and to as- 
sume the 
shape of a 
spill. A 
somewhat 
peculiar pro- 
cess is in 
the above 
instance in- 
geniously 
made use 
of to assist in forming the biscuit into shape. 

Chocolate Fingers. Biscuit Angers are 
sometimes coated with chocolate by hand. They 
are laid on wire tr^s divided into partitions into 
which they fit. Each tray holds tAvelve. The 


they aro ronvtjyinl to the racks for drying. 
These processes are now performed mechani- 
cally. Chocolate should be stored at constant 
teinf)erature, otherwise it gets streaky. '^Fhe tem- 
{M*raturo of the store-room in ^^hieh (his class of 

goials is k(‘pt 
is main ( aim'd 
at about. Td"’ 
F., to pnwent 
the choco- 
late from 
“streak in'g 
off.” The 
tern per a Ui re 
should never 
r is(i a bo ve 
this. The 
c h o c o 1 a 1. e 
used for con- 
f o, vt i o n cry, 
s 11 e h Ci s 
finge r s o r 
wajerSf is 
pn^parcH.1 by 
mixing pure 
c h oc date 
with a small 
amount of 
cocoa. bvUcr 
ill the pro- 
portion of about I cwt. of chocolate to 20 Ih. of 
cocoa butter. 

The “ Vanessa biscuit is prepared on a 
machine somewliat on the following lines: After 
the two colours of dough, one w'hite and the 





3. HARD DOUOH BRAKE (J. Ruker Jk Soiih, l.tti.) 



m 4. HARD AND SOFT DOUGH GAUGING, CUTTING, STAMPING, AND PANNING MACHINB 

(J. Baker & Sohh, Ltd.) 


are then dipped into liquid chocolate, and 
immediately on removal briskly shaken to 
remeve any excess. By inverting the trays, 
the flngero fall on to sheets of paper* on which 


other chocolate, are put into the hoppers, 
plungers which work between the hoppers are 
raised and lowered by means of cams, and 
force exactly the right amount of batter to the 
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tray::* vvliioh pass iindcnru'alli. Tlu‘ N\liiU‘ and 
chocolate colouml doughs ar(‘. ])uni])cd simul- 
taiicously upon the pan. 

Fairy CaKes. Hen' the dough is (h’posited, 
in rows, from a similar machine to the al)ove, on 
tt» a “ spun ]>an,'’ wliioh consists of a tin plate in 
which a number of small hollows havt^ been 
shn))ed out by an ingeni(nis proet'ss of 
‘‘ spinning” (hence 
its name). Kach 
of these numerous 
hollows provides a 
mould for a fairy 
cake, 'i’lie j)ans are 
smeared with a 
mixture of butter 
and Hour to pre- 
vent the baked 
cakes from sticking. 

Wlum the j)ans have 
been used, they 
are cleansed by be- 
ing pressed against 
rt'volving brushes 
moisU'iied with water, and after smearing with 
butter and Hour, are r€*ady for further use. 
With the “ drop maebine ” thcTC is no waste or 
serap, as the exact amount of stuff required is 
deliverexl for each ).)iseuit or cake. 

Colonial Biscuits. Colonial bisciiita are 
macle from dough on the “Rout” press. In 
:m(y 


a similar maniu'r an; firoducc'd “ Cable ” and 
“ 'I’wist ” biscuits, nnd, with special “ dies,” the 
“ R(>s(‘, “ (-afe. ' “ Ring,” and similar hiscuits. 
Colonials are formed in stri}>s about J in. widt , 
and have' a roiigli upper surface, caused by the 
rucking up of Hu; surface as it passes from the 
die of the iioz/.le. Tlu'st^ stri])s pass under a 
“ cutter,” which cuts them into 3-in. lengths. 

Here, again, there 
is no v asle f)r scrap. 
Wlu'n the trays 
(;,'UTying these bis- 
cuits emerge from 
the oven, they are 
lifted out and placed 
on racks for a few 
minutes to cool, 
nnd are then tipped 
into boxes ready 
for packing. A 
continuous biscuit 
forcer to work by 
hand, used for 
Queen’s and Rout 
biscuits, is shown in 6. Hand biscuit cutters 
[7] are made round, oval, or fancy shapes, plain 
or engraved, with name for the use of those who 
make up their own biscuits, where hand kneading 
and the rolling-pin take the place of processes 
already described. These cutters are made to, cut, 
print, and eject, like a machine cutter ; also fancy 
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biscuit cutters [8], for rich and soft doughs, are 
made in strong tins of various sizes and designs. 

Plain Ice Wafers. Probably the most 
important of special biscuits is the sugar or ice 
wafer. We illustrate here an automatic wafer- 
making machine [9], which is in use in all the 
largest factories in dif- 
ferent parts of the world. 

, This biscuit, so great a 
favourite with those who 
eat ices, is made of a 
mixture so thin as to be a 
batter instead of adough. 

This batter is held in 
a tank at the side of the machine. A series 
of pumps distribute the bat^U^r in measured 
quantities upon silver-plated and higlily en- 
graved plates ; these plates rim in pail's, and 
as soon as the batter has been pla(;ed on the 
lower plate of the pair the top half close.s 
and lot^ks. The batUir so held between the 
plates is carried round a chamber, 
which is heated by gas stoves. 

When the complete revolution of 
the machine has been effected, 
the plates unlock and the sheet 
of baked batter drops out. This 
sheet is made up of 32 of the 
finislved wafers, and these are cut 
out from the sheet by means 
of rapidly revolving saws. All 
these operations are carri(*d out aut-oinatically. 

Cornets* These are wafers shaped like cones, 
made on a machine somew^hat similar to that used 
for plain wafers, but the plate consists of cone- 
shaped moulds, 24 in number, and th(5 cover is 
fitted with a similar number of oonc-shapcd8pik(*s 
w'hich fit into the 
moulds. The moulds 
are filled with the 
batter by means of a 
special device which 
delivers into tliem 
exactly the right 
quantity of stuff, thus 
saving any waste. 

When the moulds 
have been filled tlie 
cover is clamped 
down, turned over, 
and passed on as 
before, the next plate 
coming round to bo 
emptied. From it the 
cones or “comets,” 
which are either in the 
moulds or sticking to 
the spikes, are re- 
moved and packed in 
boxes. One plate 
takes five minutes to 
travel round the 
machine. About 
9,000 a day per man 
are turned out. These 
wafers are laigely 
sold# to itinerant 
tce-cream vendors. 


Windsor Wafer, Tlie Wind: -or Wafer or 
Sugar Vanille consists of tw'o plain ice wafers 
between which is sandwii'hcd cream. Tlie cream 
is put in between the slicets of wafers, which are 
th('n cut up and dried. If Ha y wort^ 
dried lx3fore being cut, bits of the wafer 
would chip off, and thus 
cause a loss. 

Artificial Bananas. 
Among' the various 
forms of confectionery 
now made is an imita- 
tion banana. Tliis is 
flavoured with a concoc- 
tion to give it th(‘ taste of a banana. It is 
.shoped and colourc‘d like a banana, and whi'ii 
broken is soft, like that fruit. ' Large quantities 
arc shipped to Jamaica, Batavia, and J^gypt. 

Hand - made Biscuits. (.^akes, even 
in large factories, are made by hand, though 
this method is rapidly dying out. There is also 
a cc^rfain class of biscuit, sucli as 
nuu'aroons, which are sometimes 
made by hand, although generally 
on a. drop machine. TIk^ shape of 
th(' biscuit is cut out of the dough 
by a hand cut ter and t hen put on 
to an iron tray. When a suffi- 
cient niirnher have been cut, the; 
tray is put into an oven to bak(‘, 
the tray simply lying on tlie floor 
of the oven. Its position is occasionally changcMl 
with the aid of a long wwdeii pole — technical iy 
calk'd a pM — shaped at the end like a spade. 
When sufficiently baked the trays are taken 
out, *and th(.‘ biscuits are allowed to cool and 
are tlu'ii tipis'd into boxes. 
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Packing. Most 
biscuits and small 
cakes are packed in 
tins holding about 
1) lb. of biscuits 
h]ach tin is put on 
to a travelling belt, 
which carries it to a 
hoist that conveys 
the tin to the floor 
above, wher<i it is 
lab(*lled. The tins 
then put intt) a 
hot chamber to dry 
th(^ labels to prevent 
tliem rusting tlie 
tins. Tins used for 
export an* henrn‘li- 
eally seah^d. A eei - 
tairi class of goods, 
such as ‘'Quaker 
Oat Biscuits,” art* 
packed in cardboard 
O ])ack(‘tscalled “ box- 
o cts." These boxets 
2 }iri‘ wax(‘d inside, 
p, and file biscuits art* 
wrappetl in waxed 
^ pap(*r before being 
« placetl in th«* box. 
H "I^lie life of a biscuit 
w tin is about five or 
^ six journeys, 'fhe 
^ tins are well seonretl 
out every time th<‘y 
o return to tlm works. 

Refrigerating 
w Plant. This is an 
Q essential part of a 
large faelory. It is 
2 used for etild stor- 
age of butter and 
lard, for iet* making 
n; anti milk etxiling. 
^ (See Ft Kin PRESKK- 
O VATItlX.] 

"IMu* complexity of 
the work of a Jargt* 
biscuit factory may 
bo judged from the 
fact that one large 
firm may turn out 
250 varieties. We 
give, in 10, the 
general arrangenu'iit 
of a small sweet 
biscuit factory. 

Ship and Dog 
Biscuits. The 
mtdhod of manufac- 
ture of ship biscuits, 
in the works of 
Messrs. Hpillors & 
Baker, who have 
the latest instal- 
led plant, is con- 
ducted somewhat on 
the following lines. 


A selection is made of specially milled flours 
of a description and quality suitable for the 
biscuit required, ship biscuits being usually 
made in several qualities, some for cabin and 
some for crew use. The mixture and blend 
having betui decided upon, the various flours 
are put through a set of automatic mixers, which 
blend them thoroughly together. This mixed 
flour is then caught off from these mixers in 
sacks, each one being carefully weighed to en- 
sure the exact quantity of flour being ustid for 
the next process. A charge of from 5 to JO cwt, 
of th(* mixi'd flour is then shot into a dough mixer, 
h’ixed above is a tank eonrieided with a supply 
of pure water, and by m(‘ans of a gauge the 
de.sired quantity of water for llui weight of flour 
is mhled. The mixture is kmjadtKl into dough 
in from 15 to 30 minutes, and diseh.ii g<'d on to an 
iron table immediately below, near which is fixed 
a brake, through which the dough is rolk*d 
backwards and forwards until a shind- of the 
required thiekn(‘ss is produced. Tlie other 
processes of preparation for the ovt*,n being 
similar to those described above. 

A Special Oven. The oven, M’hieli di (Tors 
in some respeet.s from that used for sweid bis- 
cuits, consists of a number of iron plat(‘s. wliieli, 
being connected together and worked on tumblers, 
are maiJo to tra versts the* wliole length of the 
oven. The most approvi'd size for iqi-to-dato 
ovens is about 8 ft. wide and M ft. long. The 
l(‘ngtb of time the bi.seuits taki^ to pass through 
the ovc'u can be adjusted by means of a ratchet- 
wheel and paAvl at the front end. and they lake 
from 15 to .30 minutes, as more or fewiu* ti'otli 
are taken by each upward motion of thii pawl. 
3’be lieat in tlu* ovi*n is regulated by an (*laborate 
arrangement of Ihu'S and dn,m])ors, and as 
ov(‘ns for this kind of biscuit are usually what 
is termed ” direct heat ovens," a. smokeless i'iu*l, 
such as coke, has to be used : five consequence is 
that (Ik* heat produe(‘d is very mueh more 
inl(*ns(‘ than that in ovens fired by other met liods, 
and has tlu* effect of rendering the biscuits 
so baked cayiable of withstanding changes of 
t(*mperaturc and keeping a eonsidiirable time. 
But because of this direct heat, ovens so con- 
strutded recpiire very much more careful niunipu- 
latioii and closer attention, as the heat is apt to 
vary more than iri “ indirect heat ” ovens. 

By properly regulating the heat, and also by 
previous (*alcu]ation, the biscuits, on reaching the 
end, an^ thorougJily baked. They arc conveyed 
by elevators to a drying floor in order to cool 
and to get rid of any supca-fluous moisture that 
may be eont aim'd in them. After being stored on 
this floor for sufticient time, they are packed 
in barrels or bags for delivery where required. 
This final drying operation is not required 
in the case of sweet biscuits. 

'J3ic inetho<l employed for the manufacture 
of dog biscuits is on similar lines to that just 
described, with the exception, of course, that tho 
materials used are different. Great care has to be 
exercised in the selection of suitable flours and 
meals, and also in the addition of the cocked 
meat considered necessary for the dog’s dietary. 

Biscuit Making concluded 
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By Dr. A. T. SCHOFIELD 


COME time ago the United States War Depart- 
mont made ex2)orimonts with a view to reduc- 
ing the weight and bulk of the «oldier»’ rations 
without impairing their nutritive value. Tt was 
soon known, however, that the experiment had 
resulted in failure. A report on the subject 
has now been issued from which some interesting 
details may be gathered. A company of the 
7th Infantry, it appears, was detailed to make 
the experiment. The company was furnislicd 
with condensed rations, consisting of colTce, 
soup, bread, and bacon. The coffee and soup 
wore in small tablets, which, Avhen placed in 
boiling water, were ready for consumption in 
two minutes. The bread was in small, flat cakes, 
the weight and hartbiess of a brick, which, when 
moistened, swelled out like a sponge. The btwon 
was compressed, and needed otily to warmed 
in a frying-pan. The soldiers started out with 
10 days’ rations, but the campaign was brought 
to an abrupt end aftfjr four days of 15-milc 
marches. The food not only failed to satisfy 
hunger or give strength, but seemed to irritat<i 
the stomac'h. 

Suitability of food largely depends upon its 
digestibility, as well as upon its chemituil com- 
position. Thus, it would seem that, from one 
point of view, pork and milk (contain about the 
right proportion of carbon and nitrogen, and yet 
the one is a most unsuitable artiitle of di(U, the 
other the best we have. As a rule, the nitrogen in 
vegetables is not so easily absorbed .as iii meal/. 

Force Derived from Various Foods. 
With regard to the proportion of body .and mind 
work derived from various foodn, an attempt has 
been made to give a table showing the pereentagt^ 
of foreo that food gives out .as heat, as physical 
force, and as mental energy. This is as follows, 
but must be taken as merely approximate ; 


PEHCENTAGK TABLE 


Fooii». 


Heat 

Force. 

rhysical 

Force. 

Mciitai 

Force. 

Rico . . 


82 

6 

I 

Prunes 


78f 

4 

41 

Wheat . . 


eel 

]4i 

U 

Oats . . 


61 

17 

3 

Beans 


40 

24 


Ham . . 


32 

35 

4i 

Yolk of egg . . 


30 


2 

White of egg 


— 

13 

3 

Cheese "*7. 


28 

31 

4| 

Potatoes , • 


16 

U 

Mutton • • 


14 

21 

2 

Beef .. 


14 

19 

2 

Milk .. 


8 

5 

1 

Chicken 


2 

2II 

3 

Hearing 


1 

id 

6 


I’he re 

8t Is water 



This table gives the relative cost of foods ; 


COST OF SUKFKUENT FOOD TO SUPPLY 
THE AVEKAtJE DAILY FORCE NEEDED 

s. d. i 


s. d. 

s. d. 

Codfisli ry 0 j 

Butter 

1 7 

Beans 0 G 

3 6 1 


1 « 

Riee 0 r» 

Lomi 3 0 j 

Fat pork 

0 0 

Broiul 0 4 

Milk 2 3 1 

Potatoes 

0 7 

Oatinoal 0 3^ 


This, of eoursc, gives no idea of relative 
suitability or digestibility, and no one could live 
exclusively on any one article named, excepting 
milk .and bre.ad. l>et us take .a more general 
survey of the principles and praiHice of dietetics. 

Importance of Proper Food. There 
can no doubt as to the importance of the 
subject wIkui we learn that in this country alone 
over 2,000 lives a weak are lost .tlirougli bad 
and improper food. Indeed, this is loo low an 
estimate when we rtunember that food includes 
drink, and luauje ahiohol. It is sufficient, how- 
ever, for us here to know that the misnH(^ of food 
(including drink) is by far the chief cause of 
dise.‘uso, death and misery in the English race, 
and that “ ])ropcr food ” is the first and foremost 
of the live laws of health. 

Food is necessary, as we all know, to repair 
the waste of the body, and in its widest sense 
inc1ud(‘s not only solid and licpiid, but the 
gas wo insi>ire from the air, und(‘r the name of 
oxygen. While, however, we have ultimately no 
control over the amount of oxygen we inspire, nor 
any choice of gases, we can and do adulterate the 
air as much as lies in our power, to our own cost. 
But our powers for evil over what wcj breathe are 
small and iiisigniHeant when compared wit h tho 
wide powf^rs and eqmplete control that we have 
over the food we eat. One would think that 
the human race, when it became civilised and 
educated, Avould long ago have settled tho 
question of food and drink, and have discovered 
the best and most economical way of repairing tho 
system. What to eat or drink, tvhen to cat, how 
to eat, should long ago have been questions so 
settled by experience and authority. 

Repair of Waste. We require a good 
deal of food — for, as Ave have shown, Ave perish 
at a faster rate when we are alive than when 
dead, wasting to tho extent of about one twenty- 
fourth part daily. Wc thus lose over a ton a year, 
and tho important question is, how best the loss 
is to bo made good. 

This rate, however, is not even throughout 
life, and for the first twenty-five years we have 
to consider not only how to replace the daily 
loss, but how to build up the body and what 
material to use. 
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As regards quantity of food, tlie boat and 
simploHt rule seems to bo : From the ages of 
1 to 25, as much food as is wished, provided 
it bo wholesome and given at stated intervals ; 
from 25 to 55, as much food as will keep the 
body at th»‘/ same weight for those 30 years : 
from 55 to 75, a gradually decreasing amount of 
simpler food, so that wcught is slowly lost, or 
at any rate, not gained. In the first third of life 
w(^ seldom eat too much ; in the hist third Ave 
very oftiui do so, 

The dilTiculty in writing on di(‘tetics is to avoid 
lu;ing too explicit, and yet to give direc tions that 
are of value, W(‘ sha.ll try not to bo too exact 
as to details, hut very definite a,s to principles. 

Digestion and Indigestion. When the 
digestive sys( (‘in is ‘‘inorihT” its great eharc - 
teristic, like* that of all otluM’ body systems, is 
tliat. it pcTlorms all its work unconsciou.sly. So 
])erfect is its mechanism that. wv. do not know 
or feel we have cithia* stomach or livtu-, calthough 
both may be liard at. work, and the former in 
violent motion for hours tog(‘th(‘r. Itut once 
indigestion begins, this delighlful unconsciotfs 
calm vanish(‘s, and w(‘ an^ only too painfully 
aware of thi* intcTiial trouhUiS. 

In nearly every east* this is t)ur own fault, 
and is brought on through gluttony for food or 
t*xc(‘ss in drink, (lluttony is a great vice, hut 
being piu-sonal and harming no tme hut (uirselves, 
it escajK's eensun*, sav(‘ wli(*n leading to exee.ss 
in alcohol. An old (l(*rman proAcrb says, " Asa 
man oateth, so is he.” It is true that our food 
intliienees our eharaoter, hut it is (‘qually true 
that oui* eharaeter alfeets our eating, and that 
the wis(‘, self-governed man is far less likt‘ly to 
suffer from dyspepsia than the s(‘lf-iiuiulgent one. 

Moderation the Motto of Health. 
Personal habits leading in this direetioii to 
ill-h(*ahh are easily hirmt'd, and should he care- 
fully Avatelied. Small habits of exet'.ss are easily 
acquired, and are then so diClicult to luvak. 

do not wish to lay down matw lules, 
but say emphatically that ‘‘ moderafitvi in all 
foods” is th(‘ motto of health. This habit 
formed in youth is a powtaful safeguard 
against many ills, and pri^v cults much physical 
unhatipinc'ss. 

We Avill lirst look at the que.stioii, “ we 

should eat,"' on whic*h many opinions are held. 

The natural query is, “Shall we (*xchide any 
ordinai*y staple fot)d such as meat from our 
dietary, and if so, what ? ” 

Our answxn* for those ivliose dige.stion is in 
order and who desire to kei;p it so, is “ No. Let 
all ordinary food he eat-en in moderation.” Put. 
th(.M*e are many who exclude “ butelier’s meat” 
and cat ‘‘ white ” meat only, others who forswear 
all meat, hut eat other animal food such as milk, 
eggs, butter, etc., and are miscalled “ vegetar- 
ians.” Others, again, rise above these and eat 
vegetable's only. A supc'iior class still exists 
on fruits, hut the highest and smallest class of 
all consists of tho.se oeeentric beings who are 
kept alive by nuts and seeds only, including, 
very largely, apple pips. To such heights of 
faddism or depth.n of imbecility docs dieting 
extend, and in every stage there are men and 
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women ever ready to demonstrate, in their own 
persons, that every conceivable energy and grace 
is produced by their particular diet, and to 
hand you convincing manuals that prove this. 

Dietaries should be Shunned by the 
Healthy. All dietaries should be shunned by 
the healthy ; their adoption is a confession of 
weakness, and even the w(*ak should use diet 
tables as little as possible. 

VV^Jjon wc remember how different are people’s 
temperaments and idiosyncrasies, and that 
what agrec.s with one so often disagrees with 
another, we see the difficulty, if not the folly, 
of laying down general dietaries. Dr. King 
(3mmlxM’s w rites : “ Some eross otf their dietaries 
everything that has (‘V(T disagri'od ; better 
to add to it everything that has once agreed.” 
This advice goes rather too far, but it is on 
the right sid(\ 

Aftta* infancy, thend'ore, w'hen the full diges- 
tive powi'rs are (‘stahlislied, diets do generally 
moi(', harm than good, save in sj)ecial diseases. 
Fven if .some food is found to disagri'e it is better 
to lait less of it than to cut it oft’ altogether. We 
must rt'member, too. that cooking t*an render 
tlu' same food digestible or indigt^stihli'. 

Tlu^ (jiiestion to ask respecting any article 
of diet is, “ Do you like it ? ” and ‘‘ Does it 
lik<* you ? ” If both questions can he answered 
satisfactorily, there is no doubt on the matter ; 
if the lirst only, try the food in moderation and 
well (tooked bi'fon' you di'crido to give it up. 

No doubt, not only gout hut many smaller ills 
eome from a wrong diet, and if a pci’son sutfer- 
ing from any of thesi* is told by a responsible 
physician that they are caust'd by any artick^ 
of food, he should lu'C'd him and not use it ; but 
wo are speaking of tlie lu'althy, and of the self- 
dieting of dys])e|)tics. 

Eating too Much and too Lrittle. Put 

“ What to (‘at” ('luhraces also what amount to 
eat, and we would touch on this, for it is most 
iin porta !it.. We 111 ink that mo.st people who can 
afford t(3 do so i‘at too much. 

The rule we have* already laid down of living 
by the scales rather than by the «a.ppetite is 
a golden one. Let the weight lx* fixed and 
never t^xecf'ch'd or le.s.sencd by half a stone. 
Thi.s is not only tlu^ w'ay to keep in order, but to 
]n’olong life and to avoid many diseases. 

Dr. Mortimer (franville says that there is 
“ More danger from excess of food than from 
infection ; and there can be no doubt that* 
excess of animal food is a great and crying 
evil in the English people and produces an 
amount of dyspepsia and other troubles wholly 
preventable by eating half the amount. In 
this country w'o consume about four times the 
amount of meat of any other countiy in Europe.” 

Eating too much does not strengthen the body, 
but exhausts it with the labour of digestion 
and the evils of the undigested residue. Among 
the aged this is a common error, mainly duo 
to friends and relatives who are continually 
urging the old man, whom Nature has wisely 
deprived of his teeth, to eat more and tp live 
better ; whereas his health and happiness 
depend on eating less and living more plainly. 



While we thus speak against over-eating in 
the healthy and wealthy, we see plenty of evils 
arising from starvation among the rich. 

Many eat too little for various reasons, even 
when otherwise in health ; and this soon leads 
to the nerves or some other part being out of 
order. A false idea of refinement, or some 
slight dyspepsia or over-fatigue, leads to semi- 
starvation, and very soon nervous signs follow, 
showing the nerves are no longer in health. 

So far, we fear, we have spoken in a very 
vague way for those who, as we have said, love 
exact rules. Wo*will try to be a little more 
exact in speaking of one or two articles of diet. 

Meat and Vegetarian Diets. Of meat 
we eat far more than the French or Germans. 
No doubt we require rather more than they 
do ; but the excess over what we really 
require is enormous, and not only represents 
great waste but needless disease. 

There is no storehouse in the body for excess 
of meat food as there is for fats and starches ; 
and the result is that if the excess passes a 
certain point the moat becomes poison, and 
uric acid is produced. 

For light workers meat once a day is enough. 
Butcher’s meat three times a day is an excess for 
anybody in this country. The recent researches 
of Professor Chittenden tend to show that a far 
greater limitation of meat diet may be beneficial. 

The bulk of the diet should be what is called — 
but is not — vegetarian ; that is, farinaceous and 
vegetable foods, milk, with eggs, etc. In growing 
youth and early manhood too much care cannot 
be taken that the food is digestible ; and above all, 
artificial and pre-digested foods should be avoided; 
for hard digestive work in moderation strengthens 
the stomach, whereas little or no work certainly 
weakens it. Thus, “meat teas ” which are hard 
to digest are not bad for young people. 

Bread the Staff of Lrife. Bread is 
the staff of life, and no attention should be 
paid to dyspeptic faddists who claim to have 
discovered rather late in the day that it is the 
source of much disease. It contains the meat 
and vegetable principles as no other food 
really does, and can be eaten in such a variety 
of forms that none need tiro of it. White 
bread well made is the most nutritious and 
generally useful ; for the weak and for children 
wholemeal broad is s])lendid, while Hovis bread 
is of real value as compared with other breads, 
on account of the amount of fat it contains, 
making it nearly equal to bread and butter. 
Italian pastes, such as macaroni, are excep- 
tionally nutritious, and indeed no dish can 
surpass in food value macaroni and cheese, 
which is, perhaps, for its bulk, the most nutritions 
dish that can be made ; but it does not follow 
that it is particularly easy of digestion. 

We have already pointed out that the old 
idea that force is gained principally from meat 
diet has proved to be erroneous, and it is now 
shown that miiseular force is principally ob- 
tained from the carbohydrates — the starch 
aiyi sugar foods. These two can bo eaten in 
excess with much greater safety than meat, 
as we have shown. Sugar itself is a most 
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valuable muscular food and must be mentioned 
here. As a rule, it is taken jilentifully in all 
farinaceous food, for all starch is changed into 
sugar. The advantage of sugar is that it re- 
quires no change. It exists in larg<^ quantities 
in some vegetables such as beetroot, in some 
fruit such as grapes, and also in chocolate and 
other artificial foods. If half a pound a day 
is eaten, from 15 to 20 per cent, more work 
can be done. Hackenschmidt, the great 
wrestler, gets nearly all his force from sweets, 
chocolates, etc. Seventy-two lb. per head 
is used in Great Britain, 52 lb. in America, 
25 lb. in Franco and 17 lb. in Germany. 
Sugar creates no uric acid, and doeii not in itself 
produce gout. Two lumps of sugar eaten daily, 
will increase the weight 14 lb. in one year. 

When to Eat. The next point to 
consider is “ When to eat.'" As to this, we may 
certainly say, “ At fixed times." Food eaten at 
irregqlar time.s is much more apt to disagree 
than if taken at fixed hours, 'fhis is truest in 
early and late life, but holds good nil through. 

A baby may suffer from birth from capricious 
feeding, and without fixed hours soon becomes 
a burden to itself and to others ; whcTcas if fed 
every two hours in the day, and every four 
hours at night hy the clock, it would be in health 
and p(*rfectly easy to manage. It is astonishing, 
too, how soon a child becomes accustomed to 
fixed habits, and what an untold blessing these 
are ; ancl this refers not only to eating, but to 
all habits necessary for the health of the in- 
dividual. 

Regularity of Meals. Perhaps wo 
may be allowed to point out here the groat 
misery that has resulted to, and is still ex- 
perienced by, thousands whoso digestive systems 
in some part of their course are out of order, 
solely from a culpable neglect on the part of 
parents in forming a daily habit in their chil- 
dren, and thus rendering constant medicine 
wholly unnecessary. 

The advantage of regular meals is that the 
digestive organs tliemselves learn to expect 
these meals, and get- ready for them if they 
are taken at fixed hours. 

The interval between meals should never bo 
less than four hours, and is btdter if not over six. 
It is most important that a fresh meal should 
not be taken until th(» last is digested. The 
neglect of this rule is a common cause of dyspep- 
sia. The burning question of the number of 
meals in the day is by no means easy to settle. 

We have been recently invaded from America 
by a no* breakfast agitation, which, though not 
so much needed liero as in tin? States, raises a 
very important question. In America breakfasts 
have run to such an excess as to become veritable 
banquets. 

No breakfast at all may suit some, but the 
folly is to think of this or any similar device 
as a universal panacea. 

Three Kinds of Breakfast. Three sorts 
of breakfast remain for those who take any; 
they may be summed up as the Emlish break- 
faM, the plain breakfast, and the French break- 
fast, each admirably adapted for certain cases. 

3601 



HEALTH 


TJie man or woman who has to do hard 
physical work before lunch, and especially 
in the open air, does well to eat a hearty break- 
fast, allowing, say, an hour afterwards before 
beginning work. 

The man or woman who has light physical 
or mental work to do, and whose forenoon is 
spent more within doors, does better with the, 
plain breakfast, with perhaps an egg and some 
marmalade; or with the still lighter “French 
breakfait.” 

The general conse'n.sii.s of Jiygieiiic wisdom lays 
down that the princiiml meal when the 
man’s work is over by one o’clock is tlio 
lunch or early dinner ; while all-day w'orkers 
do better with a light hinoli ami a mf)re substan- 
tial dinne r. Wlierc then^ is hard labour all day, 
practically two substantial meals, or dinners, 
are needed. TJio princii)al meal, at any rate, 
should be eaten, if possible, when the chief 
work of the day is over, and, let us repeat, 
must always bo eaten at leisure. Q,uo,ntity is 
th<^ point in early dinners, variety in late 
dinners ; for the digestion at that hour can- 
not deal with such large quantities of food as 
earli(‘r in the day, and variety stinuilatos the 
app(!tite. Light tea is Ix^st taken as now, betwecui 
four and five. 

The Evening Meal. One last point 
remains as to when to take food, and that 
is with regard to the interval between eight or 
nine p.m. and (‘ight or nine next morning. Tliough 
this long fast, may not l»c a eommon cause of 
dyspepsia, it is certainly a common cause* of 
W'akef Illness and nerve troubles, and many a 
slight nerve case has been cured by providing a 
meal bet(^voen tliese hours. 

Tf the evening meal at eiglit be plentiful, and 
if tlie night be spent in sleep, notliing is, as a 
rule, required till breakfast next morning. Hut 
this turns on two “ ifs,” either of whicli may 
fail. Sometimes the dinner is at six or seven, 
and very little may be eaten ; in this case soim* 
sort of supp(*r at ten or eleven is needed. Again, 
the night may be wakeful, and tlic ])erson sick 
from hunger, and yet no food can be had till 
breakfast -time. 

'^rhis should never be. Food of some sort 
that is palatable wlien cold should always he 
accessible, so that an impromptu meal can he 
taken with some milk when required ; while 
those who always liavi* their evening meal 
early, and oftim eat litth* at it, should, as we 
liave said, as a fixed custom have a light 
after-supper about four hours later, and if 
any part of it can be liot so mu(*h tJie better 
for digestion. There is really no necessity 
for walking a mile after this supper. If a 
brief interval be allowed before retiring to rest, 
the meal will not only give no trouble but w'ill 
probably act also as a mild hypnotic. 


How to Eat. The third and last point 
is to eaty Now, all things may be 

lawful, but all are certainly not expedient, for 
while there may be no sin in eating all that is 
act before us, there is often suffering if we do. 

Sir Henry Holland’s three rules for eating were : 

1 . Never to fill the stomach to repletion. 

2. To eat slowly. 

3. To allow no mind strain at meals. 

These may not sum up all that is needful 

to keep the digestion in order, but they are wise 
and good as far as they go. 

The first rule may be put in another form, 
perhaps more refined: “Always rise with an 
appetite.” 

Tile reason of this is that when avc have really 
eaten enough the hunger is often not wholly 
appi‘ascd at the time^ because the food has not 
yet had time to digest. Therefore, even if wc 
rise “ with an appetite,” it soon disappears 
as the food l^ecomos assimilated. 

Over-eating of animal food is more serious 
than that of other kinds, for in this ease, sooner 
or later, gout is almost sure to supervene. 

The next rule is to eat slowly. This all may 
do; and if they cannot, they should eat only 
the lightest food whim in a hurry. 

The third point is most important — “ no mind 
strain at meals.’' The same simple meal that 
will perfectly agree with a man in ordinary cir- 
eu instances may cause violent dyspepsia if oaten 
under seven* mind strain or shock. Kveu if done 
once, the had effects an* felt ; and, if eontiniied, 
chronic dyspepsia is the sure result. 

Influence of Mind on Digestion. Wo 
must impress this point— that, to keep the diges- 
tion in ordiM* hi*avy meals must never bo eaten 
•when tho mind is agitated or strained. At such 
times tho simple and wise course is to live on light 
food until the mind is relieved. Tho neglect of this 
simple precaution often begins the fatal reaction 
that culminates in a nerve attaolc. The attack 
of dyspepsia reacts on the mind, which becomes 
more nervous and strained ; this weakens the 
stomach still more, and the process goes on till 
tho system is impoverished and nervous 
debility ensues ; and t hen, indeed, when tho fatal 
circle is establish(*d, it is seen too late how^ 
much better and easier prevention is than cure. 

Tlie connection of stomach and brain, of 
digestion and thought, is very close. Good blood 
supply and nervous energy are as necessary for 
ono as for the other, and tho twm cannot be fully 
working at tho same time. It is, therefore*, 
ahvays advisable that a meal time should be a 
season of relaxation and of cheerfulness. 

If this advice is needed for those in health, 
it is still more important for dyspeptics. A man 
who is liable to indigestion, and who eats a full 
meal when in a state of mental tension, may 
bring on a sharp attivck of gout by so doing. 


Continued 
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of the most important events in the course 
of English history was t.iie outbreak of tJie 
Wars of the Roses. Those wars were carried on in 
maint/enanee of the rival claims of the houses of 
York and Lancaster to the English throne. The 
T..ancaster family wore descended from John of 
(Jlaunt, Duke of Lancaster, fourtJi son of Edward 
til., while the York party were the descendants 
of Roger Mortimer, grandson of Kd ward’s third 
son. The Lancastrians adopted the rod, and 
the Yorkists the white rose, as their emblem, and 
tliiis this prolonged contest, which lasted some 
thirty years, came tc be described in history 
the Wars of the Rosea. 

The Wars of the Roses. We road 
that in these wars perished 12 princes of the 
blood royal, more than 200 nobles, and more 
than 100,0(X1 of the aristocracy and thoir depend- 
ents. It is not necessary to follow minutely 
the story of these wars and to recount the vic- 
tories now of the one side and now of the other. 
Nothing could well have been more barren, so 
far as the prosperity of the country was con- 
cerned, than those trials on successive battle- 
helds of family claims which soom to readers of 
the present ^ay to rest on merely technical 
questions os to the law of succession. Even 
where it was shown that the immediate and 
direct line of succession had been broken, it was 
argued on the other side that on the death of a 
sovereign, the existing constituted authorities 
charged with the welfaie of the realm had always 
claimed, and on several occasions exerU^d, with- 
out opposition, the right to designate for the 
throne one of the royal princes not actually 
next in the line of succession. 

The record of those wars is sickening and 
ghastly to a degree which the stories even of 
civil wars cannot often equal. The rival partiovS 
do not scorn to have behaved towards t ach otlurr 
with any regard for the common laws of war as 
prevailing between rival countries. The York- 
ites and the Lmciastrians acted on the principle 
that in such a stniggh^ eacli party, when it had 
vion a victory, was honourably free to act to- 
wards the (jonquered leaders as if they had beem 
mere mutineers, for whose breach of discipline 
any punishment might properly be inflicted. 

The King-maker. The wars began 
in 1455, but the actual dispute had l>een going on 
since 1449, when Richard Duke of York publicly 
claimed the succession. One loading figure in 
those wars was that of Richard Neville, Earl of 
Warwick, the famous “ King-maker.” When 
the war broke out, Warwick rendered great 
service to the Yorkites at the battle of St. 
Albans, and was, indeed, the main instrument in 
obfhining the victory. After this he took the 
leading part in the struggle. He had more in him 


of the statesman than of the soldier, and it does 
not appear flut mere love for .soldiering had 
brought him to the battlelield. He was slu’cwd, 
astute, foreseeing, had a gift of political intrigue 
and political mastery, and was unscrupulous as 
lo the means by which he accomplished his end. 
J'hero were victories and defeats on either sid<‘, 
but Warwick olfeeted a bold stroke by marching 
on to London with Edward, son of the Duke of 
York, and proclaiming him Ring Edward I\^ 
Soon after the Y^orkites gained a signal victory 
at Towton, and for the time the struggle seemed 
to be at an end. 

The young King made liimselC very popular 
by his courage and his winning manners. T ncleec I , 
at that time, London was well inclined to wel- 
come any sovereign who.sti coming to the throne 
brought with it the promise of reston^d peace. 

Edward later on made many enemies by his 
licentious tendencies, and Warwick, among 
oth(*rs, turned against him. Edward found 
that th(Te were strong forces opposing him, and 
he left England and took refuge in Flanders 
while he was gathering new strength around him 
to meet his enemies. After six months he came 
back to England, and with liis brotVier Claren(;e, 
who had recently taken his side, encountered 
his Disponents at/ Barnet, April 14th, 1471, where 
Warwick the “ King-maker ” wa.s surrounded 
and killed on Uio battlefield. 

Tewkesbury. The result of the battle 
was a victoiy for Edward, and by a suh.sequont 
vk?tory at Tewkesbuiy a few weeks later 
brought that chapter, at least, of the war to an 
end. Edward behaved with extreme cruelty to 
some of his captured enemies, and t he latb'r part 
of his career illustrated in very striking fashion 
the general eharaoter of those lamentable Wars 
of the Roses. On April 9th, 1483, he died 
suddenly. Wlien his life ought to have been only 
at its prime it was prematurely brought to an 
end by the excitement of politics and war, and 
probably even more by dissipation. His sueccss»‘.s 
were made for him by others, his faults and 
failures were his own. 

Ho was succeeded — at least nominally sue- 
eceded — by bis .son Edward V., who was then 
little more than twelve years old. He (^ame at 
once under the influence of his uncle, Richard, 
Duke of Gloucester, the youngest brother of 
Edward IV. Richard, Duke of Gloucester, is 
one of the most remarkable, and one of the 
moat odious figures in English history. Ho is, 
perhaps, best known not through history, 
but through the drama. Shakespeare in his 
“ Richcard III.” has made for us a terrible picture 
which is as living as life itself, and even if 
every fact and incident in that gieat drama 
is not a literal reproduction of the truth, his 
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clmracter of Richard may be taken to be a fair 
representation of the real man. 

Richard was born on October 2nd, 1452 ; on 
tlie defcvat and death of his father, the Duke of 
York, he was sent abroad for safety, but after 
Edward IV. had won the throne he returned to 
England and was made Duke of Oloucester. He 
took a conspicuous i)art in the York and Lan> 
caster struggle during itvS later developments, 
and is aeeus(‘d of having sanctioned, or even 
[)romoted, some of tlie worst e.rinu^s — the judicial 
murders of leading ojoponents during that war. 

The Murder of the Little Princes. 
Aft(‘r the death of King Edward, Ri(‘hard avjis 
appointed Protector of the Reatrn and guardian 
of Edward V., then only thirteen years old. He 
bocamo practically niler of England for the 
time, and the Queen -do wager wc.s inducc^d to 
put under his guardianship also Ikm* younger son, 
the Duke of York. Phe tv o hoys wore put into 
the Towt'r of London with tlu* avowed object 
of keeping them safe. They were afterwards 
murdered there, it was geii(‘rallv Ixilicived, by the 
orders of Richard. Richard the Protector had 
Earl Rivers and Lord Richard (Irey, the uncle 
and the stepbrother of j'oung Edward, arrested 
on a charge of treason and brought to a trial 
which ended in their execution. Richard now 
seemed to ho absolute master of the state, and 
he was invited by the ParliaTiieiit to at*eept the 
crown. 'Phis invitation, <‘utir(‘ly in a(!<*ordance 
w'itli Rhdiard's own atuhilion and scheme.s, was 
prom])tly actx'ptetl by him, and he was crowned 
king, 

Bosworth. In the meantime tluj feeling 
of hostility to Rieliard and his deeds was 
spreading throughout the country, aiid some 
of the most powerful nobles began to * turn 
figaiiist him. Henry Tudor, Earl of Richmond, 
was then the most imj)ori{int repre.sentative 
of the House of Laiicaste*’, and the friends 
of this powerful nobleman began to organise 
a scheme to detlirone Richard and make Henry 
T’lidor king. The alt(‘m{)ted movement failed, 
and its principal leader, one of Richard’s 
earlier supporters, the Duke of Ruekinghain, 
w^as put to dt'atli for the i)art ho liad taktm 
in the projected rising. Henry, Earl of 
Richmond, had no ideas of abandoning his 
hostility to King Richard because of any 
U'tnporary <‘lieek to tbc movement in his 
own favour’, and on August 22iKi, 1485, he 
encountered Richard at the famous battle of 
Bosworth, in Leice.stersliire. ''File battle was 
a complete defeat for Richard, who was deserted 
at the last moment by some of those who had, 
up to that tini(% supported him. Richard lost 
his life on thrj hattletield. 

There was a story \\ idcly credited for a long 
time that Richmond was actually crowned 
on the battlefield as King of England with 
Richard’s own (wowm, which was found when 
the light was over not far from the spot where 
Richard had fallen, but the story is probably only 
another illustrati(*n cf the romance of history. 

Richard HI. was a man of distinct and 
remarkable capacity who might, under other 
conditions, have made a great name for himself 
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and have been a benefactor to his counti^’. 
Intellectually and in education, an education 
in great part self-acquired, ho was in advance 
of most of the English princes of his time ; but 
his ambition, impatience, and his recklessne.ss of 
all moral restraint, illumined only with a lurid 
light that chapter of history which encloses 
his reign. 

With the death of Richard HI. the Wars 
of the Rose.s ended. Henry Richmond became 
without further struggle the successor to the 
English throne. His fatlier, Edmond Tudor, 
belonged to a celebrated Welsh family, was the 
son of Owen Tudor, who bore a name distin- 
guished in the history of Wales, and of his 
wife. Queen Catherine, the widow of Henry V. 
Henry VI 1., soon after he had come to the 
throne, married Elizabeth of York, eldest 
daughter of Edward IV., and by this m<arriage 
the red and white roses became united. 

Introduction of Printing. A new^ 
chapter of wider significance and more enduring 
influence in the liistory of the world than 
any as.sociatcd with the rivalrit^s of states or 
the fortunes of eont<*nding armies, was opening 
about this time. This w'as the chapter which 
tells of the discovery of the art of printing. 
Up to tliis period authorship of wfiiatever kind 
had to address its public through the form of 
manuseri])t. Books had Ixsm made up of lettei-s 
written with the hand on pages of parehment, 
pap('r, or even of leatlu'r, but the only medium 
of eoinm unication between the poet, the his- 
torian, tlie romancist, and the outer public was 
the (‘haracter traced by the luiman hand. It 
is said that a sort of block printing, the im- 
pressing of words on paper or parchment tbrougb 
the medium of wooden carvings representing 
the words, was discovered in China some live 
(X'lituries after our Christian ora, and ])ractiscd 
there fur some time. "J’here is evidence of 
similar inventions and applications having 
been made the subject of (*xperiment at later 
period.s in Europi;an count ri(*s, and of having 
been practised thcM-e with some success. 

The idea might have come into almost any 
mind, at any period since works of literature 
came to he composed, that there might be 
some mechanical process for rejiroducing on 
parch rnt'iit or paper the text of the author in 
a form at once more legible and more capable 
of ra])id multiplication than could bo accom- 
plished under any conditions by hand. But 
the art of printing, as it is understood in modern 
days, seems to have come into use in different 
parts of Europe at about the same period in 
the world’s development —during the fifteenth 
century. The name of William (Paxton will 
always be identified in England with the earliest 
practical application of the art of liook printing. 

Caxton. Caxton w'as bom in the Weald 
of Kent, about 1422, and was in his boyhood 
apprenticed to a London mercer, afterwards 
Lord Mayor of London, who seems to have been 
a kindly protector to tlie young Caxton. When 
the mercer died, in 1441, Caxton went over to 
Bruges, became one of a company of Englisli 
traders who had settled there, and in the course 
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of. time rose to be a governor of the company 
or association. It was while in Bruges that his 
attention was attracted to some experiments 
going on there and in other parts of the Low 
• Countfies, as well as in Germany, for the con- 
struction of a system of mechanical printing — 
the reproduction of W'ords and sentences by 
means of a stamping process which should 
Ijiake the reproduction capable of infinite 
repetition. It may bo that the attention of 
Oaxton was originally drawn to the imporf^nce 
. of some such process of rapid and multiple 
production not merely by the interest he always 
took in the reading of books but also by the; 
fact that during a great part of the time which 
he spent in the Low Countri(;s he w'aa engaged 
as copyist to a family of high rank. His atten- 
tion was soon caught by the efforts going on 
for the introduction of some method of pro- 
viding reading matter for the public otherwise 
than through the toil of the human hand. 

The First Printed Book. Caxton 
made \ip his mind that his best business in life 
was to become a producer of books, not merely 
in the ca^)acity of an author but in the capacity 
/ of one who supplies the public with books 
almost any number of whicli can be produced 
within a limited space of time, and can be read 
without sti’aining the eyes of the student. In 
the preface to his first printed work he f<;lls 
of the trouble it cost him to copy with the pen : 
“ My hand weary and not steadfast, mine eyes 
dimmed with overmuch looking on the wliito 
papT. Therefore I have practised and learned 
at my great charge and dispense to ordain this 
said book in print after the manner and form 
as ye may see, and is not written with pen and 
ink as other books be, to the end that every 
man may have them at onco, fo?- all the books 
of this story here emprynted as yc; see were 
b(‘.gun in one day and also finished in one day.” 

This first book printed, in the Knglivsh language 
.was j)rinted in Bruges under (’ax ton’s iristruc- 
' < tions ; but after he liad made England his home, 
and had taken service as a kind of household 
manager -and secretary with Margaret, Duchess 
of Burgundy, sister of Edward IV., he brought 
,out the first English book actually }>rintcd in 
England — “ Dictes and Sayings of the Philoso- 
phers,” })ubUshed in 1477. Caxton now set 
ufi a print ing j^ress at the sign of the Red Pale, 
in the iMmonry at Westminster, and although 
he was now growing old — he died about 1491 — 
he threw himself into his now work with an 
- energy which would have done credit to youth. 
' Development of Printing. The public 
' seems to have been taken at once with the 
opportunity thus offered of having an almost 
imJimitcd number of copies of some popular 
work put into circulation at the same time. 
England cannot claim to have been the first to 
bring out prinh^i books, but she may claim to 
^ have been the first to make the printing of 
books a regular institution, and to have found 
for them a steadily increasing public. 

Caxton was a lover of literature, and he gave 
to \ho world printed versions of all the English 
poetry then to be had, foremost amongst which 


was his edition of Chaucer’s “ Canterbury 
Tales.” Ho collected and printed the poems 
of Gower, he gave to his readers a version of the 
iEneid, taken from a Frtjiich translation, and 
some of the writings of Cit’oro. ("ax ton's own 
tastes led him to a pure and simple Englivsh 
style, free from the pedantic* alfectations de- 
lighted in at that time by w^riters w^ho had not 
yet recognised the fact that a. new epoch was 
arising for the English language as w'cll as for the 
English people. Hr* made translations of his own, 
and he helped to put together many books w^hieh 
had to do wdtii the trade and commerce of the 
time. Many of the productions of his printing 
pras.s are stiJl preserved, either in complete 
copies or in treasured fragments, kr'pt as heir- 
looms in families or carefully guarded in public 
in.stitiitions. The printing art spread rapidly 
over a great part of Eurrjpe, There were printers 
busily occupied during the days of Oaxton at 
Rome, Venice, and Milan, while Eraiice, Germany, 
and the Low Countries heeame oceupied at a 
very early period in the great new* movement. 
A new wof’ld of lett(‘rs was beginning to grow 
up, and th(‘ clearest, practical cvidcn(!cs were 
given that Inimanity was no long(;r content 
to live intellectually on the bequests consigned 
to it by tlie aneierits. 8ciene(‘ was also begin- 
ning to makes its existi'iiec known — seiema*, that 
is to say, as we understand it now, the study 
of actual realit ies,, and the discovery of systems 
founded on ear(*ful calculation and comparison 
of figures and facts, and not the mere theoritvs 
and exalted sp(*eulations of gifted philosophical 
imaginations. 

Invention of Gunpowder. Not very 
long b<‘fore tbc discovery of the art of printing 
— indeed, almost about- the same time — another 
art had been discovered which had a very 
ditferent effect on the whoU; suKscJJuciit lii.stor]l- 
of nnnkind from tliat wrought by the use of 
printing — the art of making gunpowder. The 
invntion of gunpowder is generally believed’ 
to have been the birth of one of the closing 
yt;irs of tlu* foiirt(;enth century. 1’hwe are, 
in leed, sonn* theories that it was in use long 
b ‘fore that time in (.!hina and in Hindostan, 
and it is ceitain that Rogi‘r Bacon, w4io died 
in 1292 or 1 294, mentions in one of his treatises 
the exist(*n(’e and the use of such a composition. 
But the uses of guii 2 )()Avder as the. gre.nt weapon 
of war had only conn; into recogni.s(*d and uni- 
versal application a short time before the printing 
press liad created a new era for literature, 
for science, and for popular education. 

Tile earliest effect of this new ingnHlient in 
the making of war was to rentl(*r the sovereigns 
and nobles more po\v(;rful tlian they had ever 
been, and to give;, f(.)r the time, a. lessening (jhance 
to any popular efforts towards the resistance 
of tyrannical and oppressive laws and forces. 
When tlie weajions to be uschI in w'ar were oniy 
made of iron and steel, the peasant insurgent 
could U.SC his edged and pointed w*eapon, how- 
ever rude its construction, with much the same' 
etfect as the knight could use his burnished 
sword blade or polished lancc-head. But the 
making of gunpowder required science and skill, 
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larg<> capital, and the employment of scientific 
artificers, and was not to bo accomplished by 
sufferers from oppression who belonged to the 
Inimb'lor classes. There came a time, indeed, 
when gunpowder w’as made to serve the cause 
of popular revolution as it had served the cause 
of dynastic and fcudalistic oppression, when it 
became the servant of plebeian uprising as readily 
as that of patrician down-trampling. 

Christopher Columbus, The discoveiy 
of that vast region which we still call the New 
World belongs to this jxjriod. Christopher Colum- 
bus was born in Genoa, in 1447, and was brought 
up by his parents to the business of a wool- 
comber. He soon (lev<4opcd a passion for the 
life of the sea, and at fourteen years of ago ha 
became a sailor. The vessel on which ho was 
engaged had many figlits witJi roving galleys 
belonging to Tunis, and the young man under- 
'vvent S(*veral perilous adventures. As the r(‘siilt 
of one of thesei, he had to escape on a plank 
from shipwreck, and was flung ashore on the 
coast of Portugal. Ho settled in Portugal for a 
time, and ihoro became possessed with the beli4*f 
that a now way, and the best way, for I'caching 
India would be by sailing westward. He 
formed elaborate plans for an expedition with 
that purpose. He submit t(^d his ])roj<‘et to King 
John U. of Portugal, later to Henry VTl. of 
England, and still later to Isabella, CJiietm of 
Castillo. His plans wvro at first i’(‘jt?cted, but 
Columbus was p(‘rst;vcriiig, s.iid pressed them 
again and again, and after sevcai years of 
alternating hope and despondency he succeeded 
in securing the patronage and suppent of 
Ferdinand and Isabella — then rulers of’ Spain. 
His plans were accepted in April, 1492, end on 
August Jrd in the sanu^ yc^ar (.‘olumbus, now an 
admiral, set out on his voyage of diseoveiy in 
command of a small vessel, the Santa .Maria, 
with a crew of fifty, accompanied by two smaller 
boats. In his first voyage ho came upon the 
Pahamas, and afterwards reacheil (Hiba am I 
Hayti. In his second voyage ho came upon 
Dominica in the West Indies. These voyages 
wore disturbed by many wrecks, and he found 
it hard to keep up in his crew tlio nerve and 
the patience needed for sucli adventures. 

Discovery of America, After many 
quarrels with his associates and a long illness he 
returned to Spain in deep d(*pression, but not yet 
content to abandon all his hopes. lit; organised a 
f bird expedition, the result of which was the dis- 
covery of the South American continent. His 
last great enterprise was a voyage in which he 
found his way to the south side — the Gulf of 
Mexico. Columbus bad discovered North and 
South America, won for himself an und\'ing 
fame, and oijenod out an entirely new world for 
all explorers and settlers. The fame he acquired 
was not the fame which he had sought, and it 
might almost bo said that lie became, in spite of 
himself, tlie greatest, discoverer of new realms 
tliat humanity had ever known. 

Wo shall have to trace the growth of North 
and South America, and especially the manner 


in which the northern continent came to bo one 
of the most important and powerful among tho 
states of the world, the shelter and the home of 
people from all regions of the earth, and how it 
gave to the republican principle of government 
its most enduring illustration since the birth of 
Christianity. Columbus settled in Spain after 
his great discoveries, where his^most powerful, 
enlightened, and generous supporter was Queen 
Isabella. But the greatness and importance of 
his discoveries made enemies for him there, 
because ambitious nobles and others believed 
that (^olumbus was bent upon a career of self- 
aggrandisement at the expense of all opponents. 

(.blumbus died on May 20th, 1506, at Valla- 
dolid, little more tliaii a year and a half after 
tho death of his patroness and friend Queen 
Isabella, and at the time of his death lie was 
suffering severely from the injustice and persecu- 
tion employed against him by the Spanish 
Government. It is a characteristic illustration of 
how Columbus failed to have early just ice done to 
his career that the two great continents which he 
discovered shojild not have recognised him in 
their established nanu^. Wc? have North America 
ami South America — the name of eacli continent 
taken frofu that of Amerigo Vespucci — «. 
Kloreiitine who was a provision contractor at 
Cadiz. Du ring t ho early part of ( 'olum bus’s career 
.Amerigo Vespucci had contracted to supjily him 
with provisions for some of his expeditions, 
and later on he made a voyage to the N(‘w World 
on the track of Columbus, on the strength of 
which ho afterwarfls claimed to have been the 
first to discover the continent. 

The First English Settlement in 
America. That New World remained for 
a long time mainly an exploring ground for 
Spanish colonisation, and th(‘ names of (fortes 
and Pizaro will always be associated with 
certain x>arts of it. There w(*re many French 
conquests and colonisations there— and, indeed, 
most of the state's of Europe sought for 
settlement on its territory. The first English 
settlement in America was accomplished by Sir 
Walter Raleigh, at Rowanoak, Virginia, which 
was called after tlu^ Virgin (^uoen Elizabeth, 
'rhe discoverjr* of the New World, and the 
opening it gave to the enterprise of Europe 
roino appropriately in this chapter because 
they bear testimony to the spirit of practical 
ami scientific discovery and inquiry which 
forms so impressive a characteristic of the 
whole period. The struggles going on about 
the same time between rival states in Europe did 
not prevent European sovereigns from encourag- 
ing adventurers and explorers of every kind to 
seek out territory in the newly- discovered world, 
and to annex new dominions to the seignorial 
possessions of European crowns. The two great 
American continents give evidences of the rush 
which was made upon them by foreign invaders, 
but while North America came more and more 
into affinity with England, the continent of 
South America was from first to last the colony 
of various states on the continent of Europe. 


Coniinued* 
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to wear, but at the same time it renders ii 
brittle, so that a high proportion of carbon is 
suitable only for strong, well-built roads, over 
which a great deal of heavy traffic passes without 
much shock. From this it will be seen that a 
high carbon steel is not suitable for now con- 
struction at all, since, however carefully built, 
a recent construction is always liable to irregular 
settlement, and new roads seldom have very 
much traffic to deal with at first. The presence 
of nickel adds to the durability of a rail, and 
nickel steel rails have 
been used for this reason 

on curves over which r:.- ^ — — 

a heavy traffic passes, ’ ’ 

but the advantage here ^ — 

conferred has to be care- 

fully balanced against 62. y 

the extra cost of intro- 
ducing the nickel. The inspector for the railway 
is usually furnished by the manufacturer with 
an analysis of the steel made! each day from 
drillings taken from a test ingot. 

Mechanical Tests. The mechanical 
tests include the ordinary determinations of 
(elastic limit, ullimat(* strength and elongation 
at ruptiir<i, but in (l(‘fault of thes<‘ or in adiiiiioii 
to them it is very common to resort to the 
drop test. Where rails are not specially 
rolled for the construction of the road, th<^ 
drop test furnishes a ready ineans of ascer- 
taining the (piality of the metal of which 
they are composeef. 

The Drop Test. For the drop 
test the rail is placed on 
solid supports 3 ft. apart, ff 

and a ton weight is \ 

allowed to drop upon the 
rail midway between the 
supports. The total length ^ ^ 

of the rail should not exceed ^ 

0 ft., or the weight of the 
ovcn’hanging portions will 
add to the resistance of the 
eenttal part. For rails of 
50 lb. weight to the yard the drop should 
bo 14 ft., and I ft. may be, aild(‘d for each 
increase of 5 lb. in the weight of the v 
rail per yard. 

The rails should correspond accurately 
to the prescribed weight. Variations in 
section should not exceed in. ; varia- 
tion in Icuigth should not exceed j in. 

The holes for the bolts at the joints 
must be accurately placed, and must be 
clean— that is, free from burrs. 53, l 

Rails must show no irregularity on an« 
top, but be perfectly smooth ; the ends oROg 
must be cut precisely at right angles and 
all burr removed. It is convenient if the name 
of the manufacturer be rolled in raised letters 
on the side of the w’cb of the rail, together with 
the date, and it is sometimes provided that the 
number of the “ blow ” shall be stamped there, 
so that if a number of rails from one blow 
prove defective, the remainder may be identified. 
The heat trentnient of stool should bo studied in 
the article on metallurgy, as the future useful 
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service of the rail greatly depends upon it. 
Rails being the essential things about a railway, 
it is impossible to know too much about them. 

Points and Crossings. The advantage 
of constructing the tyres of the wheels of rolling- 
stock with flanges in order to guide them along 
the rails is accompanied by the drawback that, 
whenever it is desired to transfer rolling-stock 
from one set of rails to another, the continuity 
of the latter must be broken. Gaps set in the 
rails to permit the passage of wheel flanges are 
called crossings. 

The Frog. A dia- 
- gram is given [52] of thi 

trrn^^ ^-~~[rr7 gaps provided at the 

place where two lines 
of way first come into 
moG contact ; it is often re- 

ferred to as a frog. The 
point in the middle where the dotted lines are 
seen to cross each other is the centre of the 
crossing. Ft will be seen that the tw^o rails 
approaching each other from the loft meet in 
a point which is not extended to the centre of 
the crossing, but rounded off l)eforo this is 
reached. IMiere is danger lest the flanges of 
wluuffs passing from right to left should strike^ 
this point if it ])o advanced too close to the 
centre of the crossing. Unde r any cireum- 
stancos it is a place that- is subjected to 
spcM-ial w(‘ar, and must be fixed nnd 
strcnglheiud with special care. The rails 
approaching each other from the right 
arrive at their minimum distance apart — 
roftTred to as the throat of the frog -at a 
point about as fjir from the centre of the 
crossing as the termination of the ollu‘r 
^ rails, 'riie rails then incrcas<‘ their distance 
a])art, and pass on each side 
. „ of the opposing rails, forming 
I guide for th(5 ()ul(*r side of 

flang<‘s of the wheels of 
th(‘ rolling slock, and an* 
finally splayed out to avoid 
any dang(;r of lM‘ing struck 
by the flanges of wIkm^Is coin- 
ing from the other direction. 

The Angle. Tlie in- 
J clinatioii of the two seks of 

rails to each other is the angle 
of the crossing ; it is com- 
monly referred to by number; the number 
is half the cotangent of half the angle. 

Clearance. Lines may cross each 
other at any angles In oraer to under- 
stand the provisions which should he made 
a to enable this to be done with safety, it 

isTG must Ik 5 remembered that the flanges are 

upon the inner sides of the w^hcels and 
project about an inch beneath the level of the 
top of the rails, also that tho distance betw'cen 
the side of the flange in contact with one 
rail and the side of the flange in contact with 
the other rail is rather less than the gauge 
of the railway — that is to say, there is 
always some play or clearance between the 
rails and the wheel flanges. When tw^o 
lines of way cross at a Targe angle, as is 
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shown diagrammatically in 53, a jolt os the 
wheel passes over the gap cannot bo avoided. 
When, however, as in 62, the crossing is made 
at a small angle, the jolt is very greatly dim- 


pointed rails that can be switched aside so 
as to lie passed by the wheel flanges either 
on one side or the other, according to the 
position of the points. An illuBtration of a 
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inished, if not entirely obviated. The effect of 
the acuteness of the angle of crossing is to 
bring the gaps in the rails into the form of an 
elongated parallelogram ; and since the breadth 
of the tyres of the wheels is always made greater 
than that of the top of the rails, th(} wheel will 
luiv(? alretidy reachcHl the nc\v rail before it has 
entirely left the old. 

Guide Rails. Tt will bo seen in 53 that 
additional rails arc provided inside tlic usual 
rails to guide the wheels by confining the move- 
ments of the flanges on their outer sides. This 
has aheady 
lK‘en referr(‘d 
to in 62. 'rho 
<‘ffeet of these 
is to provid(3 
that at the 
moment when 
one wlu'cl is 
passing a gap, 
and therefore 
not so eom- 
})letely un<l(*r 
the guidance 
of its flang(‘ as 
at other times, 
t h (* o t; h e r 
N\h(‘(*l fixed to 
the same axle 
is provided 
witli a rail on 
each side of its 
flange, so that, 
any ti'iideiiey to movement fr m side to side is 
suiliciently opposed. 

Switches and Points. One moans of 
(liverting a train from the track upon which it is 
running to another line of way lias been suffi- 
ciently described in the account which has been 
given of the eontraclor’s or temporary railway, 
^'hese contractor's crossing and stuff switches 
hav(3 been eonstruet<*d with elaboration for 
permanent use, but have not been found satis- 
factory. On the permanent way the diwrsion 
of rolling stock is now universally accomplished. 


point, together with the stocl: rail or ordinary 
rail with which it is associated, is given in 64. 
The points arc well illustrated in the photograph 
[66]. Tht‘ length of the switch, often called imujuf: 
rail, is usually about 15 ft. At the thick end 
it is pivoted, and lu^re its cross-section is the 
same as that of the stock rail ; its distance from 
the slock rail at this end must bo sufficient to 
allow the flanges of the wheels of the rolling 
slock to pass betw<‘en. At. the otheu* end it is 
pointed, and the movement of the pivot is to 
enable this end to be moved, either away from 

the stock rail 
so that the 
flanges of the 
w h eels c a n 
pass at this 
end also, or 
close against 
it, so that the 
point comes 
between the 
wheel flange 
and the stock 
rail, tluis di- 
v(Tting fhe 
vv h 0 (* 1 a n d 
causing it to^ 
roll upon the 
switch. 

Cross* 
over Road. 
Kig. 56 shows 
d i a g r a m - 
matically the very ordinary arrangement pro- 
vided for crossing from t)ne to another of two 
])arallel roads. The ])osilion of the frogs and 
switches and the guide rails will at once be. 
recognised. Tiie pht>to j65J also confaiiis severfd 
illustrations. 

Trailing Points. It will be seen [561 
that trains passing from A to K eoni<‘ upon 
file point rails at the hfd or pivot end first. 
Thus, what(*v('r the position of the points, the 
direction of the train couhl not be afbn.ted 
by them, and th(‘ pn'ssure of the flanges of its 
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56. ORDINARY CROSS-OVER ARRANGEMENT OV RAILS 


in the first instance, by means of a switch and com- 
pleted by an elbow or “ L,” a gap in the rail, of 
which an example will be seen hi the centre of 34. 
The points or switches are names given to 


wheels would tend to press the point rails 
into their right pi:)sition and retain tluun iluac. 

Facing Points* On the other hand, trains 
passing from B to A would como upon the 
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67. THE MOST SIMPLE SYSTEM OF POINTS 


58. THUEE-TIIROW POINTS 

point rails, point first, ^fluis, if thcso were not 
in the right position the train would go Avrong, 
and if, while the train were passing, tlie points 
where* changed in position, the train would be 
broken in two, by the latter part of it being 
difTerently directed to the first. Facing i)oint3 

are, therefore, very much -w-, , 

more dangerous than t I*' '■ 

trailing points, and i ‘ 7 

should be avoided 

wherever possible. j / 

Tl)us, if 66 be taken to * 1 

represent a double line I / 

of way, the direction of j j 

traffic would be from A i t 

to B and from 1) to C, \ • 

and not the other way S / 

about tmd<*r any avoid- [ { 

able circumstances. • / 

LocKing-bar. In 

places Avhere facing 59. turn-out from 
points cannot be avoided, main line 

the mechanism by which the points are shifted 
is best connected Avith a bar called a locking- 
bar, disposed on the inner side of one of the stock 
rails so fia to be locked or fixed in its position 
by the flanges of the Avheols so long 
as a train is j)assing or standing over 
the points. The points, being im- ' 

movable while the locking-bar is 
fixed, an? kept in one position, p 
Avhether right or wrong, until the 
Avhole train has moved by. The 
mechanism by Avhich the points are 
moved is .simple in principle but 
exceedingly complex in applit'a- 
tion. It consists essentially of a 
series of linlts and elbows or bell 
cranks, such as are arranged by 
the bell-hanger about the domestic 
house. Since movements must 
be ]>rovided in both directions, . . 

rods must generally l>e used . . > 

instead of Avires, and the 
lovers are usually connected ^ 

with the signalling apparatus ^ 

in such a way that the posi- L-. V - ! 
tion of the points is knoAvn by 
the position of the signals. - 

Interlocking. The details of the 
mechanism by which these effects are U;*-- ’ ' 
produced and controlled from the signal- 
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’■ ■ " * box are various and complicabid, 

especially at crowded junctions, 
where there are often many acres of 
ground covered Avith crossing and 
II ■"■J branching lines of way. In these 
situations electric methods are noAv 
1 being introduced. 

— , Varieties of Points. Points 

are not necessarily provided with more 
than one tongue. Thus, in 67 is 
shoAATi diagrammatically what are 
jm, still called points, though only ont? 

I ^ is, in fact, a movable point. It will 

I be seen that the movement of this 

switch at the bottom of this figure 
Avill suffice to change the direction of 
a pair of Avhcels coming from the right, so that 
on reaching the fixed point at the top of the 
figure the flange of the wheel on that rail will 
already have been brought into the right position 
to pass it, Avhether on one side or the other. In 
68 three-throw points arc shown diagnimmati- 

- eally. Here more than 

one set of points arc 
~~ introduced at the same 
« spot, and a train com- 

ing from the right may 
be sent in any one of 
uic three directions. Neither of these devices 
are suitable for main line traftie, but arc often 
iLscfiil in station yards where the space is coiilincd. 

Safety Points. These are points main- 
tained by moans of a Aveight or spring in such 
a position ns would send a train or engine, etc., 
into safety wlu?n approaching them as facing 
points. In order that the train or engine, etc., 
may be sent in the alternative direction, some- 
one must lift the weight or release the spring. 
There are many situations where this tlevice 
is useful ; it is often provided for sidings lest 
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the trucks therein bo blown by wiml or other- 
wise brought on to the main lino by accicient. 

Design. Points and crossings are critical 
parts of the permanent way ; they are subject 
to special wear, and must bo specially designed 
and supported. The great majority of railway 
accidents are due directly or indirectly to defects 
in their parts. The approximation of tlve 
sleepers has already been shown in 34! The 
actual dimensions of the metal contained in 
the frogs and switches depend upon the s(?c- 
tion of the rail in use, the gauge of the line, 
and other circumstances. A junction or cross- 
ing may have to be effected at very different 
angles. 

One line may be straight and another 
( urved, or both lines may be on the curve, 
and they may be curving in the same or 
in the opposite direction, introducing 
trigonometrical problems of some 
complexity. 

A Turn-out. Tn 69 the simple 
ease of a turn-out from the main lines 
is exhibited diagrammatically. Hero G represents 
the gauge of the railway in feet, R the i*adius of 
the curve by Avhich the turn-out is elTeeicd, and 
A the angle of the crossing ; L, the distance, in 
feet between the springing of the eurv'o from the 
main lines and the centre of the crossing, is 
called the lead. The following relations are 
immediately obvious : 
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The tAvo rails of th<5 line tinning out of the 
oth(‘r have, of course, radii of curvatures differing 
by G, the Avidtli of the gaige separating them. 
R is th(‘ radius of curvature of the centre line. 

A convt'iiicnt form ftjr 
('xpressing the hwl is 
^ + R- o )G , in Avh icli R , 

anfl R^, are the radii of curva- 
ture of the two rails re- 
st>eet i vidy. 

fii the foregoing, it is 
assumed that the points are 
placed at the springing of the 
curve find are themselves curved 
to Uie i)roper radius ; also, 
that the lines of the frog are 
also curved. These conditions 
rarely obtain except in street 
railways Avhen curves are sharp ; 
consequently, in careful Avork 
the fact that these portions 
of the turn-out are straight lines 
mii.st be taken into ac- 
count. It is, jKM’haps, 

AA'c‘11 to point out that eon- 
sidcrations of space have 
caused the curves in 59 
to be drawn very much 
sharper than they would 
bq made upon the main 
lines of an ordinary 
passenger railway. 
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61. CROSS-SE(TlON OF CULVERT 

Weight of Rails. The ])roper wcught of 
rails for a railway may be calculated fiom tho 
following formula: 

weight per yard (linear) --- 17 (E -I- 0001 
Avhere E is the maximum load on one Avheel in tons 
and V is the maximum speed in miles pci* hour. 

'Phus, if the maximum load on one Avheel were 
10 tons and the maximum speed 40 miles per 
hour, the rails should Aveigli 87 ll.>. per yard, or 
about 75 ions ])er mile of single line. 

Curves. The curves of a railway are 
deserihed (*ither according fo the length of the 
rmliiis of the circle of which they form part of 
t lie circa inference, or accord- 
ing fo the iMigle at the cent re 
of th<^ circle Avhich is sub- 
tended by a chord 100 ft. in length. 
Thus a ti-degree curA^o w'ould be, 
ajqu’oxiinatidy, tho same as a curve 
liaving a radius of 055 ft., and a 15- 
chain (;urve would be, approxi- 
mately, the same as a 5 deg. -14 min. 
curve. Tho amount of curvature is 
usually refevrcil to as so many 
di‘grccs ])cr mile of line - that is to 
say, tho total nurnbi'i* of degrees 
I'in uinscribed divided by tho length 
of line circumscribing them. 

Friction on Curves. The 

extra Avear and resistance 
to traction du(' to curva- 
^ ture is of course greater 

on a sharp curve than on 
a comparatively flat 
curve, but the length of 
tlui latter is proportion- 
ately greater, so that the 
aggregate effect of tho 
curvature is governed by 
the magnitude of the 
sum of the central angles 
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of the curves about which the rails are turned. 
Curvature to the amount of GOO degrees per mile 
would have the effect of doubling, approximately, 
tlie resistance to traction ; it would indeed oiler 
alx)ut the same resistance to traction as an 
incline of 1 in 100, and be very much more ob- 
jectionable — first, because the resistance would 
bo the same botli w'ays ; secondly, because the 
wear would be much more both on 
rails and w’liecl tyres. 

The interaction of tyres and the 
rails will bo best understood by re- 
ferring hack to 37. The surface of 
the former, which comes into contact 
with tlu^ top of the latter, is called 
the tread. This is always shaped in 
the form of a cone. The coning is 
slight, and not sullicient to be very 
obvious, but, were the surface of the 
treads to be extended, a double cone 
would he formed, having an apex on 
the outer side of each wheel and in 
line with the axle. Hence, when run- 
ning upon a straight portion of the 
line of way, the wheels w'ill tend to 
take a ctmtral position, with each 
flange clear of the rail. When run- 
ning upon a curve, the flange of the 
wht^el on the convex side of the curve 
will be scraping against the side of 
the wheel, except so far as this is modified by 
superelevation,, which will be explained later. 
The efioct of the wheels being fixed to the axle 
and thus necessitating the slipping of one of 
them an inch for C3very degree of curvature, has 
already boon dealt with in treating of the wear 
of the rails and length of the rails. This effect 
is in some degree modifletl hy the coning of the 
heads, since the portion of the tread in contact 
w'ith the outer rail is rather larger in diameter 
than the portion of the tread in contact with the 
inner rail, and will therefore move further than 
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about a vertical axis. It is sufficient to point 
out here that the absence on railway trucks, etc., 
of anything equivalent to the lockmg apparatus 
of a road carriage, causes on curves exactly the 
same amount of scraping and friction with the 
road as would result from turning a comer with 
an ordinary four-wheeled vehicle when the 
locking was jammed fast. While passing round 
a curve the carriages of which a train 
is composed form angles with each 
other, and on any change of curva- 
ture or reversion to the straight 
the buffers of the carriages — when 
lightly coupled— grind against each 
other. 

Tn modern railway design, the 
numerical results of the effects of 
curvature u pon t he capital and annual 
expenditure is carefully calculated. 

Superelevation. Accoi-ding 
to tlio first law of motion [see Phy- 
sics], a train will continue to move 
on in the same straight line until 
acted upon by a force suffioiemt to 
divert it. On reaehiiig a curve in the 
line this force is supplied hy the 
pressure of the outer rail of the curve 
on the flanges of the outer w'heels 
of the train, save as hereinafter ex- 
plained. Tt is, of course, undesir- 
able that all the pressure should be provided by 
pressure on one sid(3 of one rail, when by 
raising the level of the outside rail of the 
curve sufliciently above that of the inside 
rail of the curve the needful pressure would be 
exercised hy both rails, and upon their upper 
surface. 

The outer rail of the curve should, thertTore, 
be raised sufliciently that the component of tln^ 
force of gravitation in a piano })arallel to that of 
the rail-tops shall suffice to divert the path of 
the t rain to the degree required by tlie curvature. 
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the latter during a given number of revolutions, 
'^rhus on a curve of about half a mile radius there 
would be little or no slipping from this particular 
cause. There remains, however, another result 
of c\irvature of the line, and by no means the 
least importimt. All road carriages have a 
hekinq arrangement, os it is called — that is to 
say, the axle upon which the two front wheels 
are attached, and to which the shafts, or, in a 
motor-car, the steering-gear is fixed, is movable 
3012 


The amount by which it is raised is called the 
superelevation. If all trains moved round a 
curve at the same rate the superelevation could be 
calculated to fulfil perfectly the conditions above 
set out, so that the wheels would pass with their 
flanges equidistant from the rails, as before ex- 
plained. However, all trains do not move 
round a curve at the same rate, so a con^romise 
must be adopted according to the traffic coh- 
ditions. The application of elementary mechanics 
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will show tho superelevation for a line of 
standard gauge to be ‘4 ^ in feet, where V is 

the speed of the train in miles per hour and 
R the radius of the curve in feet. Of course, 
on curves with an up grade tlie average speed, 
and therefore the superelevation, will be less, 
and where trains ai'c to pass in both directions 
another compromise must be elTcoted so that 
superelevation only partially counteracts one 
source of friction upon curves. 

Transition Curves. So far, it has 
been assumed that the curves of a railway line 
are throughout the arcs of circles. Now, a circle 
is a curve of uniform curvation ; immediately 


the curve, being there too much and here too 
little, and causing a lurching of the train vciy 
unfavourable to steady running. 

Obviously, therefore, the right thing to do 
is to begin the curve at tangent point with a 
cii’clc of infinite radius for which the super- 
elevation would be nothing, and continue it by 
reducing the radius of curvature and at the 
same time increasing the sup(‘rclevation, until 
the desired radius of curvature and its proper 
superelevation were gradually attained. 'Phe 
mathematics involved in such procedure is 
connilicated, and though tables have been 
computed by the help of which transition can 
be made in this manner, it is more usual to 
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a train or, rather, a pair of wheels, enters U])on 
a circular curve, it begins to turn, and continues 
to turn at the same rate until it passes out of 
that curve. The .superelevation ought, there- 
fore, to be as great at the beginning as at any 
other part of a circular curve. '^Phis is seen in 
the form of tho expression for it already given. 


.4^2 

R 


depends only upon the speed and the 


radius of curvature. But the outer rail cannot 


be suddenly raised 4 in. or 5 in., as the case 
may be, at the tangent point where the curve 
begins, or similarly depressed at tho end of the 
cilrve. The superelevation must, therefore, 
begin before the curve and be increased upon 


introduce a short cubic parabola between the 
circular curves and the straight portions of the 
line w^herover required for the safety of the 
.service, or for the coinfoH of the passengers. 

See tho articles on Siuvoying for the moans 
to h(‘ adopted to lay out a cubic parabola. 

Waterways. The bridging of rivers and 
brooks is dealt- wdth in another article. It 
remains, how^ever, to treat with exceptional 
rainfall. This is not conspicuous in our 
favoured islands, but most countrie.s at 
intervals of 10 years or 20 years (or oftener 
in the Tropics) are subject to storm-bursts, 
etc., when water appears in places which 
are at all other times dry, in quantities 
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sufficient to demolish long stretches of railroad 
unless provision has been made to deal with 
them. To this end the character of the rainfall, 
the soil, and the area drained must be examined. 
I’he question to decide is : How much of the 
rain falling on one side of the railway must 
pass it to the other side and in what time ? An 
inch of rain in 15 minutes is, of coiii’se, a very 
dilfercnt thing to an inch of rain in an hour, 
since the latter has four 
times as long to run away, 

A porous soil will soak 
up a lot of rain, whereas 
a clay soil will allo>v nearly 
the whole of it to run olT ; 
and tile same thing will 
occur on porous soil if a 
storm -burst occurs after 
a rainy period when the 
soil is saturated. If the 
drainage area stretched 
away from the railway a 
long distance, the water 
from it will arrive in more 
manageable amounts than 
if it were all within a short 
distance of the railway. 

Area of Opening. 

The first rough idea of 
what area of openings through the line will be 
needed to carry o(T flood water may be gained by 
applying the formula 

A - Vs"*; 

where A is the number of square fec^t required 
for the openings, 8 the area drained in acres, 
and C a constant quantity ; to be taken equal 
to . I or *7 for steep, rocky localities, -Jl for 
rolling country, and *2 or less whore the drainage 
area stnitches aAvay from the line a distance 
five or six times its width. 

If, then, the area drained were 10,000 acres 
of ordinary agricultural land the number of 
square feet of opening required would not Iw) 
less than 200 ft. or more than 700 ft. This is a 
very wide margin in which to exercise judg- 
ment. In order to 
narrow it down it 
will be of great assist* 
ance if there arc 
other roads near by 
the openings in which 
it may bo examined 
and compared. If such open* 
ings have proved sufficient, 
the value of C implied by 
their size may be introduced 
with confidence in the above 
calculation. Marks loft by 
the high w^ater of previous floods should be care- 
fully sought ; in default of similar structures to 
go by, they will oft<?n serve as a guide to the 
maximum of water to be dejult with. 

Culverts. Tho openings ki the lino to 
allow for tho appearance of exceptional floods 
like those for tho bridging of small perennial 
stroatns, are called culverts. Cross-sections of 
these are shovn in 60 and 61. It will be seen 
that they are of brick, and substantially built, 

3614 












0 


3 







S-r-- 




- 

- 

- 




5 



I 


r 



li 

h 









j 

AAIL 

JOINr 




... 




W 





11 













66. PLAN OF RAILWAY WATER TROITOII 


with a strong arch above to transmit tlie 
pressure from above, and an invert arch with 
concrete foundations to distribute the pressure 
over the earth below. In spite of the latter 
precaution it Avill frequently be found that the 
culverts in a high embankment have been bent 
downwards in tlie middle by pressure of the 
sm^erincumbent earth. Smaller culverts may 
be built in the mamier shown in 62, where the 
end elevation and longitu- 
dinal section as well as 
the cross-section is shown. 
Culverts, particularly a 
culvert of circular section, 
as this is, may be per- 
mitted to run full or even 
with a hemi os a level 
of water higher than the 
height of the inside of the 
culvert on the up side is 
called. In general, how- 
ever, it is best to make the 
culverts sufficiently large 
to prevent flood water 
“backing up” agains the 
railway bank. 

Points about Cul> 
verts. It is in all cases 
important to preserve the 
embankment near the openings of culverts from 
the erosion of the water entering or leaving 
tliem. 'Ill us, wing walls are often provided 
like those attached to ordinary bridges, but on 
a smaller scale, hi 62 the culvert is shown 
provided witJi a flat face, and a channel of 
stone pitching sloped at 1 in 12 and 12 ft. 
long, is built at the down end to carry away 
the water ra])idly and safely. The culvert 
itself should have a slope of 1 in 20. Cast-iron 
pipes are also useful for small culverts, and 
tho.se too defective to carry water under pressure 
arc oft <‘11 good enough. 

A culvert may sometimt^s be economically 
roofed with old iron rails placed contiguously. 
Indeed, there are a great many uses about a 
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67. SECTION OF RAILWAY WATER TROUGH 


railway to which old sleepers and iron rails 
may be put. 

The earth on cacli side behind the walls of 
a culvert must be rammed hard and not tipped 
loosely over it to be consolidated by time and 
the weight of more earth on the top. Thorough 
ramming, as descrilied, will relieve the culvert 
itself of much pressure and serve to sustain it 
against tho tendency to curl beneath the weight 
of the bank as it settles. If the crown of a 
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culvert be allowed to approach too near forma- 
tion level, there ia sure to develop a bump 
which will be very perceptible as an engine 
passes above it, and which once established is 
most difficult to cure. Tlic crown of a culvert 
should, therefore, be kept 3 ft. or more below 
the formation level. 

Fencing. A well-growm hedge forms tho 
most economical fence where tho soil, etc., is 
suitable, but it takes some time to grow. Sup- 
plemented by barbed Aviro to- prevent trespass 
it makes a very satisfactory boundary. In- 
numerable other forms of feneing are in use. 
A common typo of ordinary post and rail 
fence is shown in 63. When a wall is necessary, 
th(» dimensions given in 64 are necessary and 
sufficient. 

It frequently liappcris that gates must bo 
provided in tho fence to enable farmers’ eart-s, 
etc., to cross tho line. A common example is 
shown in 65, in Avhich a side wicket is introdneod 
for foot-passengers. It will be noticed that tho 
gate-posts are sipiared only above ground and the 


hundred gallons per mile are tho usual limit^^, 
and stations for water supply should bo 
provided at intervals not greater than 16 miles 
for tho lightest traffic, and ns close as 10 or 8 
miles on roads over which tne trallic is heavy. 
The general question of water supply may bo 
studied in another article. 

TracK Troughs. On lines where a quick 
service is necessary, and long distam-es must 
bo accomplished without a stop, troughs con- 
taining w'atev art^ placed upon the slecporH 
between the rails. Passing trains are fitb'd 
wuth a scoop which enters tho trough while 
moving and lifts sufficient Avater to i^nable the 
engine to proceed. Illustrations of such a t rough 
are given, tho plan in 66, and lialf-section in 
67. The accompanying i)hotograph [68] shows 
graphically the section of a railway line with 
tAvo water troughs. Such troughs are usually 
placed in cuttings w^here a natural supply of 
AA^ater can ho obtained by gravitation. 

By the action of the scoop a great deal of it 
is spilt OA’or the line, and sjiecial means must, 



68. SECTION OF RAILWAY LINE WITH WATER TKOUCIIS 


timber beneath is left in the rough. This gives the 
post, a b(it ter hold on the ground, and provides a 
better di‘f(mc(^ against decay. Tho wood under 
ground should also be charred. If the timber 
b(‘low ground is not left rough, charring will 
w caken it unduly, and the post in this case should 
creosoted, as sleepers are. A stout feneo 
may constructed of old sleepers Avherc these} 
are available. Tho sleepers of a standard 
gauge raihvay being 9 ft. long permit of a feneo 
.5 ft. 6 in. high, 3 ft. 6 in. being under ground. 
Old rails may also be turned to account in liko 
manner, though tlnae are generally other more 
useful purposes to Avhieli they may be put. 

Water Supply. Tho AA^ater consumed in 
locomotivo boilers is a very A^ariable quantity, 
and depends cliiefly upon the work done by tho 
engine. On doAvn grades it will bo small, on 
up grades it will he high, and heaAry trains 
will involve a consumption greater than light 
trains, by an amount roughly proportional to 
the difference of weigh t>i, supposing that the 
same length of line is under consideration and 
the speeds are about equal. Fifty to one 


therefore, Ih} taken for the drainage} of tho 
permanent Avay in these places. 3'he half- 
section in 53 shoAVs how this may he accom- 
plished. Tavo feet, of stone pitching is provided 
beneath the ballast, and ti in. of cinder beloAV 
the stone pitching where the troughs are phw'cd, 
wliik} at the side is shoAvn the diminished 
thicknesses provided for other parts of the sairu' 
cuttings. Sinei' the surfai’c} of tlie water in tho 
troughs is necessarily level, the rails are mad(} to 
slope from the eoinmeneenient of the trough, so 
that the scoop enters tin* Avater automatically. 
It is made to IcaA^i^ the Avater by the same means. 
As to the quality of AAater re({uirod for loeomo- 
livo boilers it does not difftT' from that required 
for other steam-using purpose. 

Water Tanks. Tho Avater tank on tho 
tender of a. loeomnti\^o may contain 10 or 
20 tons of Avatc‘r, and tanks by the Avaysid(} 
from Avhich tho former are to ho supplii'd 
must bo dimensioned accordingly. They should 
bo placed 8 ft. 6 in. from tlu} centre of the 
nearest track, and about 12 ft. above tho 
level of tho rails. It is sometimes necessary 
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to provide for tho injection of Bteam to prevent 
freezing, but this applies with most force to the 
water troughs described. 

Stations. Largo station.s are usually 
situatedl in large towns, wheie the arrange- 


in contrary directions upon tho main line might 
pass each other with less delay; 11 ft. is 
the usual distance between tho centres of 
adjacent lines of rails. The width of land 
taken up, therefore, suffices for two more 
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ments are always determined to a consider«ablo 
degree by the configuration of the available 
ground. 

In 69 is shown the arrangement laid out for 
a wayside station of a single line of standard 
gauge railway that is in many res})ects typical. 
The sidings c e and d f are long enough t o aeeoin- 
modato trains of 15 or 10 trucks, and land is 
provided to enable extensions to be mad(^ when 
and if they are warranted by future increase 
of traffic. Tho siding ce might be extended in 
the direction from c to e to Uvice its length, 
and another junction with the main line then 
made. This would probably be tho 
first thing to bo done, since it v^ould 
provide a moans by which trains moving 
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Continued 


sidings on cither side of the linos of rails shown. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may bo less. 

Platform Structures. No structure 
upon tho platform should bo less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed are 
given in 70. Here it will be seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and its height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of the lowest 
structure under which it should be permitted 
to pass, which makes the least headway or 
height of lowest bridge above rail level 14 ft. 
6 in. Tho dimensions are shown by tho dotted 
lin<‘s. 

With regard to buildings and other structures 
at the side of a line, 
none should ap- 
proach nearer than 
7 ft. to tho oimtre of 
a line on which pas- 
sengers are carried 
at heights above rail 
level between 12 ft. 
6 in. and 11 ft., or, in 
the case of a goods 
line, nearer than 5 ft. 
6 in. between the 
same heights. With 
other gauges and 
different rolling- 
stock the.so measure- 
ments will, of course, 
be modified, but the 
illustrations afford a 
concise notion of 
what has boon found 
necessary and suffi- 
cient on lines of tho 
English standard. 
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area which is aiTcctcd by luims, when certain pl>rascs tlu* in<‘aninrr of ulnCh cannot 

* exposed to ultra-violet lij^hl, slowly but with p<isitively be understood until nia^iietisni itself 

practical certainty heals. In marked contrast has been studied, but we shall rt'duce their 

with the most successful results that can b<^ employiJient to th(‘ smalh^st po->i)>l(‘ limits. 
o])tained with ordinary surgery, the diseased I’Jie r(‘lations b(‘tween magiK'tism and light 
tissue is replaced by a soft, ])*liable. scar that an*, of fundamental importance, and in coU' 

can scarcely l)c distinguished from the original sidering tlu^ most important of tluun we cannot 

skin with which it is continuous, and that do better than (piote fr(‘ely from the words of 

does not eontrael, wluTcas an ordinary sear Professor J. tJ. Tliomson. lit* points out tliat 

hy its eoivtraetion produces great, deformity. the tirst relation l»et weim magnetism and light 

\\Mnle emphasising the splendid n'sultswhichhavi^ was discovered by Earailay. who proved that 
been attained by the employment f»f ultra-violet tlie plane of polarisation of a ray of light was 

light in the treatment of lupus, it is our duty rotated v hen tlu^ ray travelled through certain 

to obs(‘rve that this light has eomplet(‘ly failed substances parallel to the lines of magiiel ie force*, 

to exercise any favourable inliuence \ipou cancer, "Phis powta* of lotatitig the plane of polarisation 

or upon various otlu'r morbid states of tb<* skin. in a magnetic field bas been shown to be* 

In tins respi'ct ultra-violet light has jnoved to pe)ssesse*d by all re‘fi‘ae*l ing substance's wlie'ther 

be very much inferior to the Kuntge'n rays. Huy are in the seeliel, liejuid, or gaseems state.” 

The Rays of Radiant Heat. Wc H was natural that, having made this great 

ahvady know that just as the'Pe are rays be- disee)ve*ry. Farailay should seek te) see whether 

ye)nd the violet so tluae* are rays below the red. a magm'tie; fi(‘ld inlliu'need the nature of the 

These, indeed, are none oth(*r ‘than the rays of light emitb'd ]>y any luminous body; but Eara- 

radiant heat. When sunlight is spread out into Hay's apparatus was not adecpiate to ])ring liim 

a sf)eetrum, tlu'so rays also are sorb'd out into sueec'ss. ^I’en years ago, however, a great 

their ])laees. If we plaet* a highly sensitive advaiiee was made l>y Professor Zeeman, of 

theiiiiomeU'r in various j)arls of the speetrum, tlu' I niversity of Amsterdam. I [(‘found that 

in stuau'ssion, w'e can pn'ciscly ascertain their spectral line's cluiracterist i(* of lithium and of 

licaling power. We find that tht' greatest lu'at- sodium wore; deeuh'diy bioad(.'ued if the ilauu'S 

ing power is (‘xereised by a |)art of th(‘ speelium containing salts of tlu'sc* substaiu'cs wa're l)laeed 

considerably Im'Iow therc'd, and that from tins between the poles of a- powerful I'leetromagm't. 

point oiiw-ards the heating iiower steadily Rays of Light in a Magnetic Field.’* 

diminishes, until at the violet end of tlu'speetruiu Z(*enian fonnd lliat “in a str()ng magnet ie li(‘ld, 
it has praelic'ally vanished altogctlu'r. M’he wlieii the line's of force are parallel to the direction 

reader will compare these statements witli the ()f propagat ion of the light, the* line (eharaeteiistic 

])ra( tieal application of the Finsen treatment. of (*admium) is split up into a doublet, the* eon- 

We clearly understand, of course, that these siiluemts of which are on o]>posile sides of Ih.^ 

infra-red rays are n'laled to the led rays just undisturbed ])ositie)n of tin* line, and that the* 

as a C on tlm piano is relate'd to a D or an E in tlie coIl^tit ueiits of this doublet is cir- 

aJ)OV(3 it. Tlie'y are* in cwiTy respect as re'al eularly polariseal, the* rotation in the two line's 

i\.> the3 visible rays. The essential dilTercnee*. being in opj)osite (Jiri'ctions.*’ On the other hand, 

la'twceri tlu-m, from our point of vie'W', is meivly " w’he'H the magnetic force' is at l iglit angles to 

that our retime are* see eonstruete'd that a\<' the elire*eliou of propagat ion e)f the* light the line' 

e*aii see^ the one kind lait are blind to the re'.solve'd into a triple'!, of whie*h the' mielelle 

other, in f)roof of ihis we may imte that, tiu<. occupies llie^ same pejsition as the' undis- 

just as there are^ Fraunhofer lines in the inrbeelline: all the* e'onst it uen Is of this triplet are- 

visibles spectnun, so there are absolutely ide-n- plan(.-po]arise*el, tlie- plane oi polarisatiem e)f the' 

tical line-s in the infra-re'd j)art of the spe'ctnim middle- lino be-ingat riglit angle-s to tlie' magnetic 

line-s or gaps where tliero is no radiatiem at force, while the.-' emtsidc line s are polarise-d in a 

all, and the explanation e)f which is ule*ntieal plane* parallel tee the* line-s e>f magneliei forere.” 

with that of the gaps the' pre'sence of whie*]i it is ne)t ])()ssit)le' he-re' to go into the- mathe- 

can l>e detected by dire-ct vision. inatics e>f this subject. Froiessor Lore*ntz has 

Light and Magnetism. Further aspects gone ve-ry far to e'X])lain tlie* Zee-man elfeet, atiel 

of spectroscopy are discussed in e*onsidering the bis ex]»]anation is entire*ly in ae*conl with the 

e hem is try of the stars [s(?e? CuK-MrsTKYj. Mean- modern viewv of the structure e)f matter |se'e' 

r w’liile, howejjvor, W'e must briefly (.'onsieleT a special (JiiJiMrsTUYj. The interpretatiem of Zc'e-maii's 

[ aspect of spectroscopy which depe-nds upon the observation leads us to believe, first e)f all, 

[ relations between liglit and magnetism. In dis- that the bodies which produce the luminous 

[ cussing this subject there is no choice but to use vibrations w hich the* speetroscoiie analyses 
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arc negatively eU?ctriliecl. Secondly, the pro- 
perties of such bodies closely correspond to 
those of the negatively electrified particles 
which constitute what are still called the catluyde. 
rni/A, and which we are now beginning to know 
as ilectnms. “ Thus w(‘ infer,” says Professor 
'fhomson, “ that the cathode particles are 
found in bodies even where not subject to the 
action of intense electrical fields, and are, in 
fact, an ordinary (uaistituent of the molecule 
[the atom].” 

Light Under Magnetic Force. But 

the Zeeman effecd will teach us far more than 
this, though such a confirmation of the cor- 
puscular theory of matter is obviously of the 
greatest value. It is found that inagnctici fic‘lds 
influence light in a far more complex fashion 
than that hitherto descrilx'd. Spectral lint's 
are sometimes split up into sixes and nines as 
well as thrt'cs. '^Phis indicates that the lines in 
question must be due to tht* vibration within the 
atom of systems consisting of nitwe electrons 
than one. This, of course, entirely coincides 
with the tloctrines which we have advanced in 
the course on (Chemistry, where it is shown that 
within the largtT atoms tlieic aiH*, sub-atoms, 
or systems of corpuscles, sucli as tliose which 
give rise to the h(;lium atom Avhen tlie radium 
atom disint(*grat<‘s. Writing a year or two 
ago, Professor Thomson says: “Thus the beha- 
viour of the spectrum in a magnetic field pro- 
mises to throw great light on the nature of 
radiatiem, and perhaps on the constitution 
of the elements.” Writing also about the same 
time. Dr. Knott said: “The g(‘n(*ral explana- 
tion of tlu' phenomenon follows at onc(5 from 
Maxwell’s electroinagiK'tic thco/y of light, 
taken into (anijuiietion with the obvious hypo- 
thesis that, in the molecules whose vibrations 
are the source of the radiation, there are electrical 
vibrations which will lespond to a magnetic 
force brought to bear upon them.” 

Spectral Lines and the Theory of 
Matter. Professor 'Plionison predicted that 
the recent diseoverii's as to the r<‘latioris 
between magnetism and light Avould help us 
to understand the const it ution of the elements. 
This prediction has been abundantly veriliod. 
Ten years after his original discovery. Pro- 
fessor Zeeman was asked to show some of 
his famous experiments, and otT(*r the most 
recent interpretation of them, before the 
Royal Institution. He th(*n pointed out certain 
facts wliich \vc may here quote. He said that 
“ the study of the si^eclral lines affords a most 
cogent support to the elceironic theory of 
matter^ Furthermore, it ha.s long b(*en known 
that in the spectra of many metals there occur 
certain .series of related lines which show' a corre- 
spondence in flic various groups of metals. The 
lines which belong to different series show the 
ditterenoo bet\v(*en them by the fact that they 
always behave differently under the influence of 
magnetism, but the fundamental relation between 
lines of one series, occurring again and again in 
related elements, is shown by the fact that these 
lines behave similarly to one another under the 
influence of magnetism. We have already seen 
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that some lines arc separated into triplets, some 
into sextets, or sixes, and some into nonets, or 
nines. Now it is the fact that, in a group of ele- 
ments, corresponding scries of spectral lines show 
the same degree of resolution, whether into threes, 
sixes, or niiujs.” In a w ord, the more intimately 
w'c study the Zeeman effect the further proof 
do we find of the relation betwreen the elements, 
and the more nearly do wc come to understand 
in what that relation consists. In short, we may 
say that the magnetisation of the spectral lines 
affords one of our very best clues to the inner 
structure of the atom. 

The latest statement of the Zeeman effect, in 
the words of the discoverer himself, may thus 
he briefly summarised : (\‘rtain spectral lines arc 
divided into threes in a magnetic liold when the 
lines of magnetics force are at right angles to the 
direction of propagation of the light. Of these 
three, tlu‘ middle component is plaiui-polariscd 
in one direction, and llu' two outer components 
in a diffiTcnt direction. If the lines of force arc 
parallel to the direction of propagation of the 
light, .similar lines are s))lit. up into only two 
components, which are circularly polarised in 
opposite diri'clions to ca(‘h other. Ht'ruic, it may 
he argued that, in a gas which is emitting light, 
the ethennil vibrations arise from negatively 
ek'ct rifled eorpiJS(fl<'s, the si/(? of wliicli corn*- 
sponds to tljat suggested by the study of the 
cathode rays. 

Charge and Mass. W(‘ have used tlu^ 
loose and popular term “size,” but what 
])hysieisls are i(*ally attempting to measure is 
the ratio of the (‘h'etromagiietic (fliarge of tlio 
electron to its mass. If for the (‘leclromagnetic 
ehargi* we use the symhol r and for tlie mass 

the symbol //d then it is the value of ^ that th(' 

m 

pliy.sieist s(‘eks to ('stirnate. In tlu* eoiirse on 
t’luunistry W(^ have diseovi'retl the great and 
im])ortant corn j)lieation which is introduced by 
the movement of the (*lcctron. J^astly, w’c may 
rc})ca t ill the most recent words what has ahe.idy 
Ix'en said. 

In tlu* spectra of many metals there occurs a 
number of related lines which are called series. 
All lines of one s(*ri(*s are. broken up by the 
magnetic field in the same way, whether into 
tiller's, sixes, or nines. Not only .so, the extent 
tr) which the lines are broken up, the degree of 
separat ion bet w ci'ii their constituents, is the same 
in all lines of a given series. The reader is, of 
course, able to understand that the splitting 
up of these lines in the spectrum is merely an 
indication of the production of waves of 
varying frequency or wave lengtli. All that 
the spectrosco])(* does is to sort out into a hand 
all the vibrations that pass through it in pro- 
portion to their frequency. The splitting up 
of the spectral lines is thus merely an indication 
of the fact that a magnetic field is able, under 
certain conditions, to alter the vibration fre- 
quency and w^ave length of part of the light 
produced — this being doubtless accomplished 
by the influence of the field ujion the oscilla- 
tion or rotation of the electrons within the 
atoms of the luminous substance. 
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All the Facts Consistent. As wc have 
seen, corresponding series of spectral lines in 
different elements — elements forming groups in 
Mendeleef’s table of the Periodic Law — show the 
same type of resolution of the lines constituting 
the H<;ri(js, and show the same amount of separa- 
tion of them. Hence it is inferred — and tins is 
most important - that all the lines constituting 
a series of spectral lines are produeed by one 
oscillating or rotating system of electrons within 
the atom, and ther(‘fore that the number of series 
of lines in the spectrum of any element ” indi- 
cates the number of oscillating or rotjiling 
systems contained in the atom in question ; ami, 
lastly, that in a group of related eli'ments the 
oscillating systems giving rise to (‘orrespondiiig 
series of spectral lines are identical. 

It is of some interest to notice that the amount 
of separation (tlue to a magm‘ti(j ti(;l(l) of the 
eoinponents of a spectral line is proport ionate, as 
inijiht l)(‘ ('xp('eted, to the strength of tlu^ mag- 
netic field. This fact , curiously (‘uough, affords a 
Hci vice for the student of magmffisin. The most, 
accurate means, and by far th(' most delicatt*, 
of riKNisuriiig the stiength of a magnetic field is 
to he found in measuring llie eth'cl of that field 
in resolving the spc'ctroseopic lines in the light 
of some element made luminous for tin* purpose. 

The Countless Number of Spectral 
Lines. We are in the middle of a subject which 
is of the greatest inherent diflicully, an<I which 
is still further complical<‘(l by its newue.ss, ami also 
by the number of its rclat ions to other subjects. 
One of these is so very interesting that wc must 
try to elucidate it —its inten'st consisting in its 
hearing upon the corpuscular theory of matter. 
Profi'ssor J. J. '^riionison has lately laid down thc‘ 
proposition that tin* number of elc(!trons consti- 
tuting the atom of any clement is strictly pro- 
j)ortional to the atomic weight of that element ; 
and, furtluTinore, that tlu^ actual number is not 
a large multiple of the alouiic W(*ight. Now, if 
this be so, as sevt'ral lines of argunu’iit would 
ap])ear to show, how is it that the spectra 
characteristic of various elcuncnts seem to display 
no limit to their complexity i How is it that 
the number of spectral lines is limited only by 
tli(^ mciisure of dispersion -the more complete 
our arrangements for dispersion being made, the 
greater being the number of spectral lines, whih‘ 
no signs oi any limit can be deti*ct(‘(l ? If we are 
to assume that each new spectral line demands 
the cixisiencc of another (‘lectrmi in tin* atom, w(j 
cannot i^ossibly accept tln^ proposition that the 
number of eh'ctroiis in the atom is only a com- 
paratively small multiple of the atomic weight. 

Significance of the Spectral Lines. 
Thit Professor Thomson asserts that we eannot 
deduce th(3 numher of electrons in the atom 
from the number of s])ectral lines which we 
see when the light produced by the atoms of 
any given elcnumt. is analysed. Tfe assigns 
reasons for believing that a very largo number of 
spectral lines do not indicates at all the internal 
structure of the atom, but depend upon the 
formation of new systems of electrons — of a 
moce or less temporary and unimportant 
c'haracter — between certain f)f the electrons 


within the atom and their surroundings. On 
this theory it may be possibhi to explain the 
apparently infinite number of spectral lines. 

We have still lu'fore us tlu' great subject of 
colour and of tin* relations of various ('olouis, 
as also the fascinating but exceedingly difffeiilt 
study of colour vision. Idnai, also, wc imust 
discuss, in very considerable (hdail, the siihj(*ct 
of polarisation, to wlncdi some allusion was 
made when we w(‘re discussing the history of 
our knowl(‘dge of light. Thereaft(‘r there will 
remain for our study various foiins of ethereal 
vibration, such as the Hdntgim rays, our know- 
ledge of whii'h is eomjmrativ'(‘ly new, but which 
an* of the very greatest importance and interest. 
Meanwhile, however, Ave must return, as hrictly 
as ]»ossil)le, to a siihjeci which is now cojuing 
to take a very imj)ortant place in physics, 
and whicli is of the highest philosophic interest, 
since, though it may l>e studied exp(Tim(‘ntally 
in the sjiaet* of a tew eubie incht'S, it lias to be 
rt‘ekone<l w ith as a factor in the causation of many 
of the most sUipendous phenomena of Nature. 

Light as a Carrier of Momentum. 
Wh<*n w'l* discussed gravitation and the ether, 
we made .some leference, apparently out of 
place, to the pn‘ssun* of light. H was pointed 
out tiiat this [iressnre exercis(‘d by light against 
any surface upon which it falls is really ^lo 
mort* tlian an instance of a still more* general 
])henom('n()n ealltd nfdlation press urv. Wii 
olKserv<‘(l that light must (‘xer(*is(^ a piu'ssure if 
it he of the nature* which Plerk-Maxw't‘11 (hmion- 
strated. It was further notiec^d that tin* tigur(‘s^ 
for radiation pre'ssure which (Mcrk-Maxwe'll 
arrived at, a priari, have lately bi‘(‘n d(‘mon- 
strated to In* j)ractically eoi n'ct in (’onsoejiK'nec* 
of the a posteriori or expt'i*inu*ntal dc'jnoiistration 
of radiation pressure by Le'bedew^ and by 
Prob'.ssors Nichf>ls anti Hull (see page hliSj. 

Tla* rt'asem why wc bad to discuss radiation 
])ressiire in that |)Iaee was that it is a uiiiv'er-sal 
or practically a nniv<*rsal forct* which, in its 
mcasurt*, is oppos(‘fl to gT’avitatie)n, sinct? it. aeds 
in |)rt‘ci.sely the o])posite din*clion. We com- 
mented upon th(‘ fact that radiation ])i’t'.ssur(3 
etuiipels us to modify our statements both of 
Newton’s first law' of motion and of his huv of 
gravitation. 

Radiation Pressure and a Moving 
Body. H(*i( * Ave must make* some hri(*f fuitlu'r 
r(‘ferenei* to the subje'ct ; in the lirst f)lace, 
beeau.se it is prof)(*rly a part of the. subje('t of 
light, or, ratlu*!'. f)f i’afliati»ai in gc'iicral, and also 
because tin* Avork of Ihofessor Poynting, to which 
Ave alhiiletl on })ag(‘ has sinc<‘ b(*en fli.*o 

eussed hy himself at the Royal Institution. 
Experience has taught us that Ave arc right in 
assuming that doctrines and spe<'nlalions are 
lit for Avide fliff’usioii when they have readied 
the .status ot (*xciting an invitation to loeture in 
the famous th(*atr(! in Albeiuark^ Stret*t. 

What is probably lh(3 most important con- 
tribution of Pr()f(*ssor Poynting to tin* sn}>ji*ct 
has been already refeired to. Tt is the obser- 
vation that a moving body, w’hether small or 
great, AAdiich is emitting light — or any other 
form of radiant energy — tends to crowd upon 

m :i 



PHV8I08 


the waves in front of it, while those behind 
it tend t/O be thinnexl out. The consequence 
is that the radiation pressure is greater in front 
of the body than behind it, and constantly 
acts as a break upon its motion. 

Direction of Light and Sound Waves. 
Now, this case is, after all, only the latest illus- 
tration of a theory whicdi goes by the name 
of Doppler s Principle, and plays an imporlant 
part in many branches of physics. In describing 
it we cannot do better than (piotc the authori- 
tative words of Professor Tait. The reader will 
sec from them how this principle is apidieahle 
to waves of many dillercnt kinds : 

“ Wlien a steamer is moving in a direction 
perpendicular to tin* cn‘sts of tlie waves, she* 
will encounter more of them in a given time if 
her course is tr) wards tlicm tliau if she were 
at rest; wliile, if s}!<‘ be moving in tlui same direc- 
tion as tlu^ wfives, fewer of tli(‘m will ovt‘riake 
her in a given time than if she were at rest, 
^rhe same thing is true of stjiind waves. When 
an cxprt'ss train passes a level crossing at full 
speed, the t)iteh of tin* steam-whistle is higher 
during the approach to and lower during tlu‘ 
recess from th(‘ listener at the gate than it. 
would be if the (‘iigine were at rest. Tlu* 
su(!Cessivo sound- pulse's are emittc'd at the* 
same intervals as before, but from j)oiuts 
successively nearer to or farther from tlu' 
listener. Hence, more^ or fewer le'aeh his <‘ar 
in a given time. Tlie princi})l(‘ is pre'cisely 
the same as that of Rdnu'r’s observation of 
„ the frequency of eclipse of Ju})iter\s sate'llites. 
'riie number of light waves which reach the 
eye per second is inereMSf*d if the source' is 
approaching, and diminished if it be rcee'ding.” 

Applications of the Principle. Hdppler’s 
Principle is usually described uiKhr .Vcoustic's, 
and the. usual acoustical illustration has 
been quoted above ; but we have dc f(*rred 
its discussion until this place because it is 
of far gn^ater imj)ortanee in relation to light 
tlian it is in relation to sound. One of the 
Ccarliest applications of tlie princqile in the 
roalin of light Wcis mad(‘, as we have sei'ii, by 
Sir Williain Huggins, who was enabled by its 
means to solve a problem which (\)mt(s for 
instance, had declared to bo neecvHsarily im- 
possible of solution tliroughout all time — viz., 
the pioblt^ni of aseertaiiiing the motion of the 
fixed stars to or from the earth, or our motion 
relatively to them —in the line of sight. This 
problem might indt'od appear insoluble, but 
Sir William Huggins has been able to ascertain, 
by the ap])lication of Doppler’s Prineipie, tlie 
movements of stars which may be moving 
directly towards us or from us, and the* light 
of w^hieh is constantly afl'eeted in wave length 
and frequency accordingly. Finally, we may 
quote the latest application of Doy3pler’8 Prineipie 
to the facts of light as made by Professor 
Poynting. Perhaps the best account of the 
principle, though not of its latest application, 
is to be found from the pen of Professor Poynting 
himself on page 51, vob xxv., of the “Encyclo- 
pa’dia Britannica,'’ ninth edition. 


Reflection and Recoil of Light. Let 

us now return to radiation pressure and consider 
a few of its consequences and one or two of the 
facts which it may more or less certainly explain. 
From this point of view we have to consider 
light as a momentum carrier. Now, there 
are certain fundamental dynamical laws which 
have tht'ir application in this sphere also. 
We bt'lieve, for instant^e, that action and re- 
action are equal and opposite. Jf, then, when 
you lire a riHe, it kicks, there ought to be a 
similar back push or recoil when a radiant 
body tires olT. so to speak, a train of light waves. 
'Phe ])hysieist knows, indeed, that this must 
be so. It is therefore extremely inknesting 
to obs('rv(' that, when Pr{>fessors Nicdiols and 
Hull made their now celebrated experiments, 
tliey obtained just double the result in respect 
of pi-essure wlu'n’ the waves of light w'ith w^hieh 
they <‘xperim(‘nted were rellceted. In other 
words, these waves of light first of all exercised 
a jiressure wlu'ii they struck the surface and tln'ii 
gave it a kick as tlu'y were reHectecI from it. 

75,000 Tons of Light. Professor 
Poynting has also studied the iuHiience which 
light {)i(*ssure due' to radiatioti from the sun — 
or. to h(‘ mon* accurate, the whole radiation 
jnessiin' from tlu* sun -must ever he e.xer- 
eising upon tlu' earth, with the eonseijuence of 
tending to arr('st its onward motion. 'Plus 
amounts to what at first sight would appear 
to he a formidahle ligure, tlu' equivah'Ut of the. 
weight of 75,00(1 tons, (hit that this resistanc'c 
to tile eartli's movement is trivial, and can 
luiv<' marked eon.sequen<'(‘S only in the re- 
motest future, w ill he evidtail if wc consider that 
this push th(‘ sun Tiuist he ])itt(‘d against 
his gravitational pull, which is millions of times 
greater. 

Various conclusions of im])ortauee follow 
from the fact that, wheicvis 1 he I’oi'Ce of gravita- 
tion varies as the' mass of a body, the force of 
radiation jac'ssnre v.nic's as its surface. 

One extremely interesting speeulatitm may 
just he alluded to. I’rofessor Poynting has 
sought to aj)ply the now demonstrated fact of 
radiation pr(‘ssure to tin* pioblem whieJi has 
he(*n alTonh'd ast ronomers by the rings of Saturn 
ever since. (Jalileo discovered them *100 years 
ago — I'ver since, indeed, they caused him the 
utmost <'onsternation by what looked lik(^ their 
<lisappearaue(‘, which threatened to throw dis- 
credit upon all his work. Professor Poynting has 
sliown how' it may he conceived that the rings 
of Saturn are formed of small parti(;les derived 
from without and j)erhay>s from the debris of 
cornets. The attraction of such particles, but 
their arrest before reaching Saturn — which 
a(. that time, if not now, was doubtless a luminous 
body, the light from which exereLsed a very 
considerable radiation pressure — and their collec- 
tion into rings which rotate around him, and 
into which the particles are sorted according 
to their size — all of these are ^apabh^, it would 
apjK'ar, of an adequak^ interpretation if tlie 
facts of radiation pressure are brought to bear 
upon them. 
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'T'Rl^DriNO in confined to the passer gor- 
carrying vehicles. We have, indeed, the 
padding of horse boxes, the various types of 
cusliions, and back rests used by van and 
cart builders, and even tarpaulins and oth(‘r 
waterproof covers, but, taking it ns a \>hoK‘, 
we do not find a trimmer’s sho]) in a fac - 
tory set apart entirely for V(‘hicl(‘S designed 
to convey goods and merchandise. Many, 
especially those in the motor trade, talk of 
a body bcang upholstered,” but this is a tcani 
which is proja rly applied only to the furniture 
trade. 

The Object of Trimming. Trimming 
has for its ol.)jec‘t the comfort of the occupants, 
by isolating them from the fianiework of tin* 
vehicle. It also decoiates, a well designed 
lining and leallu'rwoik skilfully carried out 
adding to the beauty of the carriage. Most 
of us have ex])erienced journeys in railway 
carriage's, and on the roof sc'ats of trams 
and omnibusc's, wh(‘r<^ the hardness of the 
seat causes considerable discomfort. Tiimming 
remedies this. 

Trimming is also frcfjuently intrculucc'd 
where the })i’ss(‘nger is seated on a set of spiings 
aj)art from those ap]>lied to the body and undc r- 
carriage, thereby dc'stroying vibration almost 
entirely. 

In railway work w(^ aie familiar A\ith the 
grades of eomfoit ]>r()vided in dillerent classes 
of carriage's. First mc liave cushions with 
or ^^ithout comfort h*r (lio back, and, as 
we pay more, we have ]ullar lioldeis, ellujw' 
rests, floor coverings, and other details. In 
])nblic service vehicles we li.ue eusliions inside, 
the modern ehM'tric trameais being the most 
advanced in ininiste'iing to the e'omfort of 
])ass('ng(‘rH ; while, no satisf ictoiy means having 
iK*( rr found to protect the; cushions on i-oof 
scats during inclement weather, we find only 
aprons. 

Hoad carriages of all descriptions c«)nstitutt* 
the clui'f outlet for the skill of the trimmer, not 
only in the cushions and linings, hut in tlu' eov<‘r- 
ing of the wings and dashers, and in the con- 
strnetion of the folding head. 

The highest degrt'c) of comfort is in the fur- 
nishing of American railroad cars. Tii thc*se 
one may be seated in an armchair with reclin- 
ing back and adjustable footrests. The Full- 
man cars running on the London, Brighton, and 
South ( bast Railway arc examples of the comfort 
proA ided on the other side of the Atlantic. 

Trimming Materials. The trimmer 1ms 
a large and varied stock of materials to handle. 
Wc¥)llen cloths of the best “ West of England ” 
quality are generally used in the darker colours. 


silk being enijrloyed for lining only in special 
eases, but fmdirjg favour as blinds in the foini of 
lutestring. Satins and velvels we see only for 
carriages used on grand occasions, while plushe.s 
ill various qualities find their way into the 
1 rimming of ]>ublic service vehicles. All bough 
till' pile of ])lush is a receptacle for dust, 3 ^et the 
nature of tJie surface giv^c's a linn seating. The 
coach trimmci- is not fond of much pattern in Jiis 
lining materials, generally ])ref('rring it quite 
])lain, although in railway Avork A\e st'<^ mon* 
lafitiulc in this direction. I’nderfool wo have 
Brussels, Wilton, and other carpets. 

Leather and Leather Working. A 
fully qualitii'd trimmer is not only a worker 
in cloth, but also an I'xptni in leatluT woiking. 
TIk' folding beads of landaus, victorias, and 
similar V('hicl(*s, the dashers, Avings, and sh.ift 
b'athers are places wlu're leather is used. In 
som<‘ shops the qualilieat ion of tin* w'orkmnn 
iiieludes liariu'ss-rnaking. 

Bull hides art' thicktr and ctairser than thnst' 
of th(‘ eoAV, bullock hides being intt'rint'diale. 
J^ull Jiides are used in barnt'ss- making anti r.s 
bortlcr leatlu'is for edging seat Ijoards, Avliilt* 
tht'y are also dividt'd into two layers, the hair 
t»r giain sitle being knoAvn as bay hide, anti tlie 
Hesh side being called aph’t. 

'riiest' H]>lit and bag leatht'rs are japanned, 
a ])roeess Avhereby avc obtain glasslike surfaet s. 
'Phis A^‘lriety is used for covering the iron fraint'S 
t)f Avings and dasbeis, tbt' japanned split bt'ing 
tilt' cheapest. Similar to tlic japanned leathers 
hut more elastic, are tliti enamelletl hides. Heie 
Avt' lind a mattaial Avt'll suitt'd ftir folding luaitl 
leathers anti a]»rons. I’igskin is used in the 
tiimming t>f sjiorling and other carriages. It is 
tt> bt‘ rccoinnicmlt'd for its durability. 

Apart fioin earjK'ts Ibeit' are other tyfK's of 
floor coverings. Kainptulieon aiifl liiiolt'um 
ctimliine in some measure the qualities of caiqiet 
and oilflolb. They weai AAvll, and are imjHTvions 
to damp. Tht^ elit'aper covering - tlooi cloth 
t*j- oilcloth — is jaepmctl on a gitamdwork of 
lla.\ or tow', tivt'i' wliicli layers of paint are 
spread. flood linoleum may cost nuin^ than 
douhlt' the jniet* of oilcloth, hut it will W(*ar 
at a. modt'iale I'stimate more than four timt'S 
as Itaig. 

Coach Laces. Tht^ ancient and universal 
art of Aveaving has produced in niodt'in carriage 
laces beautiful trimmings Avith extiellent wearing 
qualities. Whtm avo speak of laco in lumnectit'n 
Avith coach Avtirk, the ordinary iietAvork f)f 
th leads in various designs is not implied, hut in 
this instance the term is applied to Avhat might 
be called a Avide decorated biaid. In broad 
hiec used for fronts of seat rails, glass strings, 
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and pillar 1 olders, we have a woven material 
with the two selvedges averaging about 2^ in. 
wide. Wide lace with a single selvedge is 
used for binding the edges of seat falls and 
pockets. Ptvsting laoc has a single taj>e edge, 
and is used for hiding nail heads, tlie edge 
being nailed, while the remainder is folded over 
and pasted. Jt is used in varying widths for 
pockets, seat falls, and similar purposes. 
Seaming lace has two tape edges. It is used 
for concealing seams and for fixing linings 
which arc sewn to it. Seaming cord is })laced 
inside this lace when it is desired to give it 
a rounded form, the two tape edges being 
sewn together, and in this sha])(i it- is usc‘(.l 
for cushion edg<‘S, giving thiuii a better 
and more lasting sha])e -a ])urposo 
it also fulfils in other departments 
of cairiage trimming. Both seaming 
and pasting lace are comparatively 
narrow, the former running about I J; in. 
wide, and the latter about ^ in. to 
I in. We ean (luite understand that 
the introduction of raihvays gieatly 
increased the d<*mand for trimmings 
geiuirally, and for a time it was difticult 
for the manufacturers to turn < ut 
supplies of pasting and seaming Ir.ce 
Huilicient to me(‘t the deniand. Mho 
introduction of tla* powtT loom solved 
the difficulty. (Motti and leather ]»ii)iug8 are 
sometimes used instead of seaming 1 hc<^ 

Details and Stuffing Materials. There 
are also many small items that go to make up a 
luxurious iiih'rior. Laees with rose ])at terns are 
used to lix the top of the j)ill;\r lioldiM’ to tlu^ 
pillar. A cheek-string of silk or a speaking- 
tube with a whistle and mouthpieet^ is provided 
to eall ilie attention of the coachman. MM\cn 
there are tabs and tassels for l)linds, the guide 
line of silk on which the blinds ascend and 
descend, and the. buttons and tufts \vhe*rt‘by the 
stuffing material is kept in its ])lace. 

Htufiing materials, 
although not siu'n, 
must be of g(»od 
quality, otherwise a 
lifeless cushion or 
flabby squabbing 
re.su Its. 

Curled horsiMiair, taken from tlu* living 
animal, is in its best ipialities unsutqiassed for 
the retention of its elasticity. Flock, coconut 
fibre, shavings of bass and maple, moss, and 
evi‘n hay are used in cheap Avork. Lately 
th(? use of steel springs in eushion and lining 
work has been common, patent varieties being 
irninufactured where each separate eushion or 
]>art of the trimming is made uy) on a wire 
frame to the size n*quired, thc! syiecial springs 
being firmly clipped into position and to each 
other. 

Leather Stitching. The young trimmer 
has first to learn how to make his thread and 
then to acquire the skill to use it. The coach- 
trimmer does not use the bristle, but punches 
his hole iu tlie leather with an awl having a 
diamond-shajAed point, and then inserts his 
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til road at t ached to a blunt harness needle. In 
a dash, he must have suflficioiit japanned hide to 
form a layer on each side, about J in. being 
alloAved for stitching and dressing off. During 
the operation of sewing the two la 3 ?ers of leather 
together Avith the iron frame between, the work 
is damped and tightly stretched wdth syiccial 
pincers. Here th(‘re is disagreement between the 
older and the younger members of the trade 
regarding the resyieetive merits of hand and 
machine work. Where there is a highly finished 
surface, as in a jayianned leather, it must be 
admitted tliat a careful workman will often 
prodiK’c a better finish than a machine. After 
scAving, the Avork is yiared off within in. of 
the stitches and the edges dyed, oiled, 
and polished. 

The Avor k on curved wings and front 
syilashers recjiiircs more skill, and may 
be attemy)tc‘d after the straight work 
has })een mastered. In best work Ave 
have the seat rail irons covered Avith 
h'at.her, the join being made on the 
inside where it is least visible. 

Seat Valances. 'Phe edges of 
driving and other carriage scabs are, 
when expost'cl, finished Avith a bordt'r 
or valaiua; 166|. In eht^ap work fhis 
may h(' simply of Avood ; the leatln'r 
may be mount(‘d on a wooden founda- 
tion, < 31 * stout border hidt' jayianned on one side 
and blacked on the other may be used alone. M’he 
(‘dg<“s of th(‘. Icatlua' ai*(? welt(*d or bound Avith 
enamelled leather, Avhik' th«i lixing of the liorder 
itself is hid by tlie Ix'ading ])lae(‘(l oA^er, and is 
retained by its shanks in the same Avay that 
u head U.ithm’ is fastened to the yiillar toyis and 
elhoAV. A S(‘at border not only decorates but 
it s(‘rves to retain the eushion in its yiroyier 
position. 

Head Valances. Similar to seat borders 
are head valane(‘S, used on the folding heads 
of victorias, harouches, soeialiles, and similar 

carriages. T h e i r 
duty is to hide the 
joins of the head 
lining and leatlier, 
to finish off the head 
b. itnolf, and <hi‘y 

should 1)0 fixed so 
as t.o yirevent water from entering the vehicle 
Avhen the head is U]3. A head valance is some- 
times cut out in one yheee, but may be joined 
at the c'orners or in the centre of the back. A 
bead finishes it, as in the ease of the seat valance. 

Shaft, Pole and Bar Leathers. The 
shafts of .carriages and carts bav(' leather fixed 
at the |3oint or front ends and at the kicking 
and breeching stay^les [67 1. The seAving is 
doiui undern(.‘ath, the herringbone stitch being 
much emyjloyed. Jaymimed split is used for 
this puryiose. Oil leather known as pole piece 
hacka is used for y)ole work. The stuffed pad 
is generallj^ situiated about 25 in. from the pole 
crab. leather work is also in evidence on the 
splinter bar of a carriage. Here it is used at 
the ba.ses of the roller bolt ferrules and washers 
on the bar to prevent the traces from chafing 



56. OKIVJXO SKAT 
OK (a) a BHOianiAM 
ANO (h) 

A UAKOI CUK 





4 — b- 

57. I AItUlA(J£ .SJIAKT 

ril> ; ]3, roiiit ; C, Tu|lc ; D, niv<‘i.l iiir staple; 

slaplo ; F, .S(<>| 



TRANSIT 


tlic ir6n and woodwork. Similai* material to 
that used in pole Avork is required, while the 
caps of the bolts may be ornamented with 
japanned split. 

Aprons. Aprons are fitted 1 o keep the lower 
limbs diy in wet weather, to add the ]>assen- 
gei's’ comfort in cold weather, and, in the case 
of the front inside scat of a sociable or barouche, 
to jirotect the front seat cushion and lining 
wlu'U not in use. It will be readily understood 
that however supple the enamelled leather 
may be, the appearance of tlie covering will 
be better prt'served if, when the vehicl(‘ is not 
])erforming a journey, the aprons ar<‘ opened 
out. 

'^^I^his remark, of 
course, af)plics 
also to the heads 
of landaus and 
vi(‘t(»rias, and ex- 
plains why we sei* 
them elosed in the 
show-room a n d 
coa eh- house. 

C-Spring 
Braces. C-spj-irig 
brae«‘S are of vital 
iiip’ortanee in a 
earriage mount(‘d 
on this 1 ypt‘of sus- 
])ensi()n, and are 
made of oil leather 
similar to pole 
pU-ce backs. A 
loo}) runs from 
the body eonne<’- 
tions to the top of 
llu‘ C-spring. 'riuai 
th(' Ixxly of the 
brace continues round the 
l)ack of th(' spring down to 
the jack wliere it is wound. 

Five inches is ad<le(l to 
allow for attachment and 
adjustnumt at the jack, and 
allowance must bi; made for 
sj)licing. 

Togi'ther Avith the distanct; 
twice over at. the loo]), we. 

Ibul a brace often reipiin's 
To in. to be cut nut of a 
A\idth about J in. wider than 
the sj>ring. The braces is 
madt‘ of two thicknesses of 
leather and may be sewn 
Avith four roAvs of stitches, 
the inside rows being made 
to form a simple pattern. 

Folding Heads. Of the 
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leather Avork avo ha\"e noted so far, none rcquir<*s 
so much skill in fitting as the enamelletl heiul 
leather, unless, perhaps, th<‘ moroccos aiicl otlu*r 
leatliers used in making linings. 'J'lieiA* may be 
throe to five sticks in a head. The underside of 
the centre stick requires to be 3 ft. 8 in. from 
the seat board, and even 4 ft. in such veliicles as 
Statihojx^ and mail phaetons Avhere the driving 
Beat is protected. The top of the back or corner 


stick is usually throAvn back 1 in. to 1.} in. 
from the square line of the corner liar, ami 3ft. 
fiin. to 4ft. is allowi'd, horizontally, from it to 
tlu‘ front stick. 'I'lie trimmer liaving placed his 
slicks in the pro]U‘r position, tluy are tem- 
porarily held in position by webliing. I'oth 
lining and leather aie made in four pii'ces, the 
form«‘r stitched to list, nailed to the front of the 
sticks, in the saim^ way as inside roof (coverings 
are attached. Many varieties of folding heads 
art5 show n in 58. 

How the Trimming is Fixed. The 

squ.ilihing is not all fastened directly to the 
proper fraincAVork of the body, ))ut sjH'cial pit'ces 

of wood, g<‘nerally 
pine, are glued, 
e a n a^ a s e d, and 
li it ed t () t lie 
(piarters and other 

JMltS. 

Sometimes it is 
necessary, owing 
to tlie sha]K^ of tiie 
A'fhiele, to till up 
the hollow' parts, 
and, apart from 
tliis, flic trimnu'i* 
should cKvays 
AVork his mat(M‘ials 
so that no undue 
prominence is 
given to the work 
in tb<i centre, 
otluu'W'ise the oeeii- 
jiaiits Avill be 
rolliMl into the 
e o r n e r w bile 
f rav(‘lling. 
Construction 
of a Lining. Cushions and 
linings usually consist of two 
parts, till' back of Forfar 
buckram, black linen, or 
other sti'ong material, and 
t he front, or tiiiuming pro])er, 
of cloth or moi’oeco, whicli, 
according to tli(‘ scpiabbing 
and fulm‘ss of the stufling, 
has to be made so much 
largi'V. 

iiaving tak(‘n the interior 
in(*asurein<'iit8 of I Ik* body, 
the, canvas, louglKul out to 
shajie, is taek<‘d in th(‘ body 
and pencilh‘d round, then 
laid out Hat on the hoard or 
bench and kcjd in jiosition 
by pi<‘ces of iron cov(*red 
Aviih leallier or other fixing. 
Allowance for Fulness of Squabbing. 
The design of quilting, whether in squan's or 
diamonds, is marked out, care being taken to 
do it accurately, otherwise a distorted trimming 
will result. The arrangement must exactly 
balance each side of a centie line in such cases 
as hack squabs and cushions. 

A diamond, when stulTed wdth hair, Avill stand 
up in. or so from tlie canvas. KnoA\ung the- 
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length of the diagonal marked on the canvas, 
we may estimate the size of the diamond on the 
cloth by drawing on a piece of paper and meovsur- 
ing with a piece of string [59 A and B j a section 
of the stuffed diamond on each diagonal. This 
arrived at, the liirger diamonds are marked on 
the back of the cloth. The stiffer the canvas, 
the less need be allowed for stuffing. The holes 
for the fixing of the button or tufts may be lined 
with calico to pn^vt^nt tearing, and the folds of 
the pattern are ironed in the cast; of cloth and 
scraped when a morocco lining is used. 

Door Trimming. In trimming a door, 
the work is kept as flat as possible. A quarter 
of an inch being allowed at the bottom above 
the rocker to allow fo]’ cari)et, the border is 
made of 21 in. broad lac<i finished olT at the outer 
edge with seaming lace. Three- (pi a iters of an 
inch would be allowed in this case for the fulness 
of the cloth. 


with first, and the back row in cushions. In 
folding the diamonds, sec that it is done down- 
wards, so that in brushing the dust is not liable 
to work in. The marking out of a cushion is 
illustrated in 59 [K and Fj. A morocco lining 
for a double brougham requires some 1 1 or 12 
skins, a single brougham demands 10, and a 
victoria four or five, the provision of a cricket 
seat in the last mentioned bringing the total 
to six. There is about three* square fei't in a 
morocco. 

Trimming a Double Brougham in 
Cloth. For a double brougham we require for 
a cloth trimming — roof IJ yd. (60 in. wide), the 
top and bottom of the back with fulness is 
allowed l.J yd., the (piartcrs (top and bottom) 
J i yd. for botli sides, the hind body cushion IJyd., 
the front ditto 2 yd., the front squab | yd., the 
front back .J yd., .the front quarters \ yd., and 
for the fronts of tlu! scats insidt* the waste of the 
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Bottom Back Trimming. In a bottom 
back, a convex curvt^ is cut on tlie two sidt'S 
to counteract the drawing-in of the cloth whtai 
stuffing. The design [59 (' and D] is workt'd fo1d<‘d 
in the centre, so as to obtain an equally balanced 
setting-out, and in an average brougham the 
eanvas is about ‘16 in. wide by 26 in. deep, 
14 in. being k'ft on the bottom, 1 in. at tiu* top, 
and a full half-inch at the sides. The tVwer the 
numbiT of buttons used, the greater the freedom 
given the hair to us<5 its elasticity. Also, an excess 
of buttons eondue<*s ncitlur to tlu* comfort of 
the ooeupaiit nor to the beauty of the trimming. 

The diamonds ni^ver finish rigid at the edge 
of the jfattern. A distance of 6 in. is left on 
the <^dge of tlie cloth besides about 4^ in. for 
attachment. 

Wadding is placed on the toj) of the hair to 
kcc|) tlu; latt('r from showing through tlu* elotli. 
In making up, we must not forget that the 
plcats brush from right to left. The bottom 
back is bound with pasting lace sew*n all round 
the (‘dge. Seaming lace is fastened to the trimming 
rail bottom, to this is “frenehed” or blind sewn 
the pasting laec^ on the top of the bottom back. 
The bottom row of buttons is usually dealt 


above will siifliee. Ihiving eushions, seat box, 
and fall are given 1 .1 yd., and the doors .J yd. 
The roof brushes to tlu^ front (or an omnibus 
towards the door), the to]), bottom ba<*k,(jaart(TS, 
and other parts brush dow nw aids, while cushions 
lirush forwards from back to front, front 
bord<*rs of eusJiions downwards, and sides as 
convenient. The box bnislics as one piece of 
elotb. 

Hie bn)ad laei^ from the seat, up the pillar, 
along the roof across the back takes 44 yd., 
tlie two doors 5| ycl., tlie front of seats 2^ yd., 
tJie liolder lace 2^ yd., Jianging down 27 in. 
One pair of glass strings are .‘{6 in. long, and one 
pair 24 in. Of seaming laec* 40 yd. is r<;quired, 
of ])asting laet^ .*16 yd. Otlicr necessities arc : 
one pair of glass string guaids, two gross of 
buttons io match the cloth, clicck string, 74 yd. 
of buckram, J yd. of black American cloth (duck 
back), :i curtains, 2| yd. silk (lutestring), 18 yd. 
silk curtain line, lliree triggers (acorns), one dozen 
ivory headed nails, four ivory buttons, four 
glass string slides, one pair metal door-pulls 
covered with morocTo, 80 lb. horsehair (second 
quality grey hair, as the best quality is too 
hard), and yd. of carpet. 


CofUinued 
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GHOSTS AND GHOST STORIES 
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PSYCHOLOGY 

The Significance of Ghost Stories. Phantoms of the Living and of the 
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Dead. Some Remarkable and Authentic Stories. What do they mean ? 
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By HAROLD BEGBIE 


’T'HE process of modern science, whicli consists 
^ in “an interrogation of Nat\ir<', entirely 
dispassionate, patient, systematic; sueli careful 
experiment and cumulative record as can often 
elicit from her slightest indications her dec'pest 
truths,” has never, in the contention of Frederic 
Myers, heen applied to “ the all-iinjuntant jjro- 
blem of the existence, tlie powers, the destiny 
of tlie human soul.” 

What do the Legends Mean ? ft 

is because of lier very Ihurumjhmss^ because^ 
of her faith that the slightest indications of 
Nature speak oftiai of her dee})est tiutlis, that 
psychical science has conc<‘rnc<l ils(‘lf with 
ghosts and ghost stories. The fact of ghosts 
may not be (‘stablished ; but the fact that tlnae 
ar(' legends of ghosts is a fact Vn^yond <lisputc, 
and those leg(‘nds, la* it noted, an^ to be, found in 
t*vt*ry race under the sun. and persist €‘V(‘n in 
the most enlightened countric'S in our own day. 
What are tlieir sign iliea nee ? Wliat is tin* 
ext(‘rnal fact of the stream of things hidden in 
tlu‘ir supiu’stition ? 

Psycliical science gropes among the obscure 
facts of human consHousness b(;causc she ho|)cs 
to obtain from them that light upon the mysl<‘ry 
of exist cnci^ which ncitlu'r matliemath's nor 
geology, neiiluT chemistry nor astronomy 
seems able to atfonl. Slu^ is iK'rsuaded that 
these li‘gcnds signify sonu‘tbing. She is assort'd 
that they havt^ an origin and a nu'aning. She 
has never onco ja-ofossed her cf)nvictinn that the 
fact t)f the legends existing is proof that tin* 
ghosts themselves existed ; that woukl be un- 
scientific, and would lead nowhcie ; she mert'ly 
insists that as the legends t'xist, and exist so 
universally, the \ must have had some relation to 
fact, and what that relation to fact is she has set 
herself to discover. “ Whether through reason, 
instinct, or superstition,” says Myers, “it has 
evi l* been commonly held that ghostly plu'iio- 
mena of one kind or another I'xist to testify 
to a lite b(‘yond the. hh? we know.” 

The Place of the Witch in Science. 
Already psychical science has laid many a ghost ; 
but in this work she has not been only destructive 
— though destruction of superstition and error 
is admirable; slu^ bus been constructive as 
w^ell. She has shown how^ it is people origin- 
ally came to believe in these particular ghosts, 
and this revelation has meant a revelation of 
some of the workings of the human mind hitherto 
overlooked by the psychologists. Let us take 
the question of witches. Until recently wc were 
justified in believing that legend exaggerated tho 
powers, if not the very existence, of these people. 
To-day we understand how such people came to 
exercise so great a pow’er over the minds of the 


populace. We can to-day produce in the minds 
of hyslt'rical people precisely the same (‘ffect 
produced by witches. An hysterical woman, 
indeed, can cn*at(‘ in herself, without any 
assistance from the hypnotist, ideas of the most 
extravagant and even terrible kind. TheAviteh, 
then, is no longer for us a stupid myth or a devil - 
ridden sinner, hnt an hysterical Avoninn of 
consiilerable interest to pathology, Avith some 
little pow(‘r of hypnotism, Avhich as much sur- 
prised h(*rself as it terrilied those; Avho approached 
her. 

The Two Kinds of Phantoms. In 

the same Avuy Ave* hope by a })atient. investi- 
gation of ghost stories to discovea* tlu* pregnant 
* fact behind tlu*ir ttufors and alarms. Instead 
of neglecting thi'in, as psychology neglects them, 
])sychica.l research investigates them patii'utly 
in the eouvielion that th(‘y must shed light on 
tlu; ])roblem of eoiiscioiisness, even if they do 
not guide us to the desire; of all knowl(*dge. 
J^sycliical resea I’ch has already progressed 
siillieiently far in lu'i* investigations to make a 
A'(‘rv sensible division of these ghost stories, 
a division of the living and a division of the 
dea<!. (ihosts have* be‘<*n seen of liv'ing pe^e^plc, 
and gliosis have b(*(*n sen'll of clewl jieople. We* 
spt‘ak, there*fon*, of Phantd.wis o/ the Living aiiel 
of Phantastns of the Dead, 'Fhe \-eiy division is 
signilieant e'liough, and the intelligent stiielent 
w ill e*asily se*(‘, \vhe*n ho has e*xamine.*d the general 
items of tlic first division, that the e'xplanatiein 
of the first may in some nu'asure be a form of 
tlu* ultimate t*xplanation of the second, a e*on- 
summation e'agerly eh*sire;d apparently by the 
majority of people, since* it woulel se em to buttress 
tlu* ge)oeI old sturdy cimviction that the de*aei never 
return. 

Phantasms of the Living. Ever since 
the dawn of history there have been e-ases of 
me‘n and women seen liy their ft*lloAVS at time.*s 
wlu*n they the*mselves were beyorul the; range of 
Ausion. Let us eonsieler one* evise whie li (*aiiu; 
uiuh*r our notice* euily the other <Jay, and which 
may he taken as typie'al eif all the* case,s unelcr 
this lu‘ad. 

A laely, going upstairs, s;iw the nurse come 
fre)in the* bat h-reiemi, rubbing lu*r banels toge'tlier 
as if slie had just, Avashe.'d them ; the nurse; w'as 
dressed in blae*k bonne*!, gre*y jacket, and white; 
skirt ; she did not turn her lie;ad on hearing lier 
mistress, but passed on into the night nursery. 
Almost at the same moment a e*hild in the; 
nursery called to her mother asking her to tie* 
a pinafore, and the mother replied that the nurse; 
was in the night nursery and would attend to it. 

“ No, mother, nurse isn’t there ; she’s downstairs,” 
replied the child, and at that moment, the huly 
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saw tho nurse coming up the stairs ilrcsscd 
in a manner entirely different from that which 
she had seen in her vision. 

The lady is a woman of great practical common- 
sense, and she protests that shci did not see a 
ghost, and does not think that shi; did, but 
she protests with equal earnestness her convic- 
tion that she saw the figure of tho nurse at that 
moment as distinctly and as vividly as she 
ever saw it in real life 

Seeing by Imagination. Now, tlui ex- 
planation of this apparition is comparatively 
simple, and will carry conviction to every mind 
except the mind of tho lady. (It is a curious 
fact that it is far more (‘asy t(3 persuad<^ 
people who hav(‘ not seen a pailicudar ghost 
that your cx})la, nation accounts for it, than 
it is to p(‘rsuade those wlio have seem that 
ghost that tlie (‘Xf)laiiation of those people \\ho 
hcavi^ not seen it is the right oiu^ !) In this ])ar- 
tieular case it would seem as if tlu‘ lady had 
on many occasions sccai the nursi' issuing from 
the bath-rouiu after washing her hands ; on 
this occasion her mind, working automatically, 
suggested to lu*r a. customary sight at the top 
of the stairs, and she, being mort* or less in a 
tired state of mind, received the suggestion and 
believed that she hatJ jictually seen the nurse. 
In that wondcrfid volume “i^hantasms of the 
hiving " the rcadtT will be able to make himself 
acquainted with endh'ss instance's of this kind, 
and he will be abk^ to form his own opinion on 
the working of llie human mind. Nor need lie- be 
conf list'd in cases w'here the apparititin has been 
the forerunner of disaster, since the materialistic 
theory can explain this as the theory of tele- 
pathy. The anxiety of a mother in a monu'nt 
of crisis is quite likely to affect the child 
so as to project the image of thi^ motlu'r 
upon the child’s mind. There are many 
instanet's of this exlnmie form of sym])athy 
operating in the ease of twins over eonsidt'rable 
distances. 

But it will b(^ seen that this theory, even 
though it lay.s ghosts in as whoh'sale a fashion 
as an expert skittle-player tloors ninepins, reveals 
to us .an operation of the mind as important to psy- 
chology as the attract ion of the (‘ai'lh is important 
to physics. The troubli; is that people, accepting 
the disproof of the ghosts, do not accept the 
proof of telepathy. They do not perceive 
that we have evidence here which endows the 
mind with powers (if an extraordinary order, 
powers Avhich lift it out of the category of 
materia! things, and bestow’s upon it at least 
a spiritual significance. Jn the article following 
this we deal with the question of Tel(‘.])athy, 
but it is important to ex])lain hen? the olivious 
and most suggestive eonelusion that the only 
theory Avhich accounts for phantasms of the living 
is one which concedes to the human mind 
faculties of an almost spiritual nature. 

Phantasms of the Dead. We are now 
l/rought fa(?c to face w’itli the supreme question 
of our subject. Is the evidence siiflicient to 
convince the ordinary man that spirits have 
returned from Hades to visit those pale glimpses 
of the moon ? Has the ghost of a dead person 
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been seen by more than one credible witness 
long after the. time of his decease ? 

Frederic Myers, who believed himself that 
this evidence is sufficient, concludes the seventh 
chapter in “ Human Personality ” with these 
wauds : “ I do not venture to sup|X)so that the 
evidence set forth in these volumes, even when 
considered in connection with other evidence 
now accessible in our ‘ Proceedings,’ will at once 
convince the bulk of my readers that tlie mo- 
mentous (?poch making discovery has been 
alnmdy made. Nay, I cannot oven d(‘siro that 
my own belief should at once impose itself upon 
the w'orld. Let men’s minds move in their w onted 
manner ; gn'at convictions art? sounder and 
firmer wdu'ii tlu'y art? of gradual growth. But 
I do think that to the candid studt'Ut it should 
by this lime become manifest that the world-old 
problem can now in reality be hopefully at- 
tack(?d; that there is hopeful and imminent 
]>ossibility that tht? all-important truth should 
at last become indisputably known ; and, thert*- 
fore, that it bclils ‘ all men of goodwill ’ to ht?l[) 
towards this knowing with what zeal they 
may.” 

The Face at the Window. Wt' will 
tjuott? Iavo storit's of a])parilions w'hicli stu'rn to 
us iiicxj^licablt' on the grounds of telepathy, and 
also so simplt' in tht'ir details as to convince 
the in({uirer of their geuuineiu'ss. The first 
story reached tlu? Society for Psychical Research 
through the Bishop of Carlisle, and is related hy 
the Rev. C. M. Tandy, Vicar of West Ward, 
near Wigton, Cumberland : 

” Wht'ii at Lowes water 1 one day called upon a 
frit'iid, who said : ‘ You do not. see many news- 
pa pt'is ; take one of those lying there.’ I accord- 
ingly took uj) a new'spapt'i* bound Avith aAATai)j)er, 
])ut it into my pocket, and Avalked home. In 
the evening I was writing, aiid.Avanting to refer 
to a book, Avent into anotlu'i' room Avhere my 
books Avere. I placed the candle on a ledgt? 
of the bookcase, took down a book and found 
the passagt? I Avaiited, Avhen, hap])(‘ning to look 
toAAards tlie Avindow Avhich was opposite to the 
bookcase, I saAV the face of an old friend whom 
I had known avcU in Camlaidge, but had not 
seen for ten years or more — (\anon Robinson 
(of the Cluirity and School Commission). I 
AA'as so sure 1 suav him that I Avent out to look 
for him, but could iind no trace of him. I went 
back into tlic houst', and thought I Avould take 
a look at my newspaper. I lore olT the 
Avrajiper, unfolded tht' papt'r, jind the first 
pic(!c of ni'ws that I saw Avas the death of 
Canon Robinson.” 

In this story, it Avill be noticed, Mr. Tandy bad 
not seen C’anon Robinson for a number of years ; 
there was no a])parcnt reason why he should 
be thinking of him ; no a])parent reason Avliy 
Canon Robinson should desire to appear to 
an old college friend ; and no question at all of 
telopathie eommimieation. Tho newspaper was 
in its Avra])per, and tho noAvs of Canon Robinson’s 
death had not reached his friend. No explana- 
tion ill tho world is possible for the apparition 
except the simplest of all — namely, that Mr. 
Tandy saw a ghost. 
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The Commercial Traveller’s Story. 

Tho second story is pronounced by Frederic 
Myers to be “ one of the best-attested, and in 
itself one of the most remarkable that avo 
possess.” We quote from a letter written by 
tho subject of t ho experience ; 

“ In 1867 my only sister, a young lady of 
eighteen years, died suddenly of cholera in 
St. Louis, Mo. My attachment for her was 
very strong, and the blow a severe one to me. 
A year or so after her death the writer became 
a commercial traveller, and it was in lS7ti, 
while on one of my Western trips, that tJie event 
oociirred. I had ‘ drummed ’ the city of St. 
Joseph, Mo., and had goru' to my room at the 
Pacilic jlouse to send in my orders, A\hich were 
unusually larg(‘ om's, so that T w'as in a very 
happy frame of mind indeed. .My thoughts, of 
eours(^, Averc of the orders, knowing how pleased 
my house Avould be at my success. 1 had not 
bticn thinking of my late sister, or in any manner 
reflecting on the j^ast. The hour aars high noon, 
and th(^ sun Avas shining ciu'crfully into my 
room. While busily smokirig a cigar and writing 
out my orders I sudd<Mily becaime eonseioiis that 
soim^one Avas sitting on rny hd't, Avith one arm 
r(‘sting on llie tal)I(‘. Qui<'k as a flash I turned 
and distmetly saAv tlu' form of my d(‘ad sister, 
and for a briid second or so look(‘(i hiu* S([uarely 
in the face, and so sure was T that it Avas she that 
1 sprang foiwvard in delight, calling her by iianie, 
and as I did sotlu' ap})arition instantly vanished. 
Naturally, 1 was startled and dumfounded, 
almost doubting my s(‘nses, but the (‘igar in 
my mouth and peji in hand, Avith the ink still 
moist on my h'lter, 1 satisfied mvs<*lf that I had 
not- been dreaming and Avas A\'id(‘ aw’ake. 1 
Avas near enough to touch her, had it been a 
physical possibilit 3 ^ and noted h(‘r features, 
expression, details of dress, etc. She aj)peared 
as if alive. Ib'r ey’es looktMl. kindly and 
f<‘etly naturallA' into mine. Jb‘r skin was so life- 
lilo‘. that I ('ould st‘e llit', gloss or moisture on its 
surface, and, on the whole, I here Avas no changt 
in h(T ap])earaiice othei vvise than avIkmi alive.’’ 

The Mystery of an Unknown Mark. 
“Now,” proce(‘ds the narrator, “comes tlu^ 
most remarkable limjirmation of my statennuit. 
which cannot be doubted by tliose wlio know' 
Avhat 1 state aetually oceiirred. 'Hiis visita- 
tion, or whatever 3^011 may call it, so impressed 
mo that I took the U(*xt. train home, and 
ill the preseiici? of 1113 ’^ fiareiits and others 
I related A\hat liad occurred. My father, 
a man of rare good siuise and very practi- 
cal, was inclined to ridicule me . . . but 

lie, too, was amazed when later on f told them 
of a bright red line or .^cnttch on the right-hand 
side of my sister’s face, Avhieh I had distinctly 
seen. When i mentioned this my mother 
rose, trembling, to her feet and nearly fainted 
away, and as soon as slu; had sufficiently recovered 
. . . she exclaimed that I had indeed seen 

my sister, as no living mortal but herself was 
aware of that scrateli, AA'hich she had accidentally 


made while doing some lit tie act of kindness after 
my sister’s death. She sa id she avoII rcumunhered 
how pained she was to think she should luiA'e, 
unintentionally, marred the features t)f her dead 
daughter, and that, unknown to all,hoAV she had 
candidly o hi it (‘rates! all tract's of tlw' slight 
scralcli with the aid of powder, etc., and that 
she had never nientiom'd it to a human being 
from that day to this. In proof, mat her my 
father nor any of our family had dtdeett'd it, and 
positively Avere unaAva.re of tlu* ineidtml, yet 
/ saw the. scrateh (t.s taifjht as if jnst wade. So 
strangely im])ri'ssed was my motlu'r that even 
after she had retired to rest she got up and 
dressed, came t (3 me and told me she kii<u\ at 
least, that T had seen my sister. A few weeks 
later mother dic'd ha]>p 3 ’’ in her belief she would 
rejoin her favourite daughter in a better avoj UI.” 

The Remarkable Features of the 
Story. In this story aao luue some remark- 
able features. In tlm first ])lae(', the subject of 
tile experience; is not a woman, not h 3 ^st('rical, 
not emotional ; a commercial traveller attend- 
ing to his business and smoking a cigar is not 
of th(‘ order of pei’sons wb(^ usually sc(; 
ghosts. The vision a])p('ared nine years afti'r 
llu' sister's dt'ath, and it Avon; the unknown 
tealurc' of a disligiircmeiit- Avhich had been 
niad(‘ after death. Now, he avouIcI Ih; a 
hold man Avbo ass<‘rted that tho mother un- 
eonseiously ])roj(‘eted tlu' vision of the daughter 
upon the* son’s mind. In tlu* second place, avo 
know of no case in w hii*h a person has pi’ojeeted 
the picture of another ))ers()ii on a distant 
mind. If it had Ix'en tlu* motlu'r Avho ajipean'd 
to the s(jn telepathy might be the explanation, 
hut. <‘V('n hen* w'c should bo puzzlt'd to exphiin 
tlu* a.p( well elision of tlu* vision on the son’s 
part in tlu; midst of his eonsifh'rahh* o(’cu])ation. 

W(‘ have no room to (juote furtlu'r eases. 
W(' must ask llu* si'iious iiujuirer to consult 
the Aohirnesof the Society ol Psychical Ib'search. 
t)ur contention is (hat Avliih* telepathy may 
explain iiuiny iilu'iionu'na of this kind— and 
(‘Veil then, ho it most can'fully notc'd, does but 
present tlu; mind Avith a jirohlmi almost as won- 
derful as that of a})pa,iitioris - it yet dot's not (;x- 
jilain many c a SI'S in wdiieh pcrh'ctlv trustworthy 
people* have solemnly d».*elar(‘d hefon; men that 
tlu'V have st'cn phantasms of the dead a 
considerable period af 1 (;r tlu*. time of decc-ase. 

Messages from the Dead. W(' must 
point out, in eonelusion, that tlu; dead do not 
alwa 3 ''s appear^ l)iit very trf'cpu'iitlA^ so far as 
the rt'cords tc'll — eommunicatt* l> 3 ' other iiu'ans 
- rh., automatic Avriling and tlirough the 
mouths of mediums. 'I’lu; n'ader is not a.sk(‘d 
to belicAa; all or any of tlu^se stori(*s, but he is 
advis(‘d, bedore passing his judgment on llu* 
question, to consider Avhetlu'r all tlu'sc; ohseure 
and somewhat alarming phenomena, if suffi- 
ciently investigated, .are not likely to contribute 
some elucidation to the problem of conscious- 
ness, and, possibly, to throw light across the 
threshold of the Life bt;yond this phase of life. 


Continued 
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THE TURNERY & MACHINE SHOP 

Screw Cutting^. Gear Cutting-. Turret Work. High- 
speed Tools. Templeting. Subdivision in the Shops 


By JOSEPH G. HORNER 


CCREWS arc cut with Vwa coinprisinj^ several 
cutters, or with single lointcil tools. The latter 
arc used in Fox, or chasing lathes, sometimes in 
the capstan lathe, and in tin*, ordinary screw- 
cutting lathe. Either di<‘s or comb tools arc em- 
ployed for bolt cutting, and for the formation of 
threads in capstan lathes. Tin* screwing dies 
generally contain three eiitters, in a earn plate 
operated by a. scroll and lever. 'Plu; ])late is in- 
dexed for setting the positions of the dies, and 
fitted with an adjustable stop. Those dies are 
arranged n itli their cutting fudges radially, so that 
they point to the centre of tin* work, no matter 
what its diameter. They cut a full thread at oin? 
operation. Bolts are largely done in the op(‘n- 
spindlo chasing lathes, 'riiesf? are eohstrncted, 
except for the open sjiindle, much like the 
ordinary liollow-spindle iatlu's. But. the em- 
ployment of an open sjiindle permits of tln^ 
turning and chasing of bolts and screw's with 
heads from the solid bar, and also permits of 
the ready chucking of single bolts and screws 
foreliasing; wliile 

in stud t urning the ^ > 

workman can pass / 
bis Imnd into the. . f • 'i. 

o})cn spindle for •. . y JJ 


' 0> s) : 


(5. r> 0 . 5.1, (M), 0.”.. 70, 75, 80, 85, 00, 95, 100, 105, 
no, 115, 120 teeth, with one or more duplicates,^ 
as 20, 40, 00, 80, 100. Tliese derive their motion 
from the headstoek mandrel or spindle which 
rotates the work to bo threaded, and eorn- 
munioate it at e({Ual or dilferent rates to the 
guide screw. Tier only method M’hieh comes 
into rivalry with this, and that only in recent 
yi'ars, ancl to a limib'd extent as yet, is 
tlui formation of threads liy milling (‘Utters in 
what are termed serein miUiinf mnchiyies. T4ic 
dilT(‘r(‘nee is that the cutter in th(‘se rotat(‘s, 
and more rapid results are attained. 

Methods of Calculation. Tn the 
common serew-eutting lathe the elementary 
basis of calculation ladwecm the guide siu’cw, 
of iixed jhteh, and thc( screws to Ix^ cut, 
of many pitclus, liner, and coarser than that 
of tli(‘ guide screw, is simply that of tin* 
or proportion which subsists between tlui 
two. As this tak(*s the form of a fraction, 
the cah'ulations arc put in the same form. 

The simpl(‘st way 

j — M to consider this sub- 

1 — f 1 if -) - remember 



that lliri'e 
eases occur 


principal 
(1) screws 


. -Jil 
Mi 


289. STMl’I.K 


290. METHOD OF (;EAKIN( UP caiAX<iE W HEELS 


291. SIMPLE TRAIN 
CONNECTED BV IDLER 


tin* ready adjustment of the bar without going to 
the back of the headstoek for the purpose. Tln^ 
centres of these lathes range from b in. to 10 in., 
those of from 8 in. to 10 in. Iieing double geared. 

Long Screws. All bolts and short screws 
and studs made in (luantilies an* produc'd 
by the foregoing methods, by dies, or chasers of 
sonn^ form or another, tln^ guidance being 
(‘inlxTdied in self-leading dies, or in a hob whieli 
imparls longitudinal movenn*nt to the chaser 
bar. But what we have t(3 consider here 
ehiedy is the cutting of long screws by mc*ans of 
a singU*-edged tool, 'which is traversed in the 
slide rest by the lead or guide sen‘w, at a rale 
which is predetermim*d by eei’tain arrango- 
inents of change gears. The pitch of the guide 
serow^ is unalt<*rablc ; the variable (4ement is 
provided by the 1 w\'nty-two change gears, 
which are capable of an imirn'iise number of 
combinations. They number 20, 25, 30, 35, 40, 
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cut with ])itelies eipial to that of the leading 
screw; (2) screws with pitches tiner ; and 
(3) scrc*ws of coarser jiitches than that of 
the l(‘ad screw-. 4’he lirst class would he 
cut with wlic(*ls of e(pial nunilx'rs of teeth 
on mandn*! and guide screw- ; the second with 
a smaller wheel on the mandrel driving a larger 
one on the h ad screw-, so retarding the move- 
ments of tin* tool ; and the third with a larger 
wheel on the mandrel driving a smaller one on 
the guide screw, so acrelcrating the movmnents 
of tlie tool. Or, put in another way " -which is 
of universal application — the pitch of the guide 
screw is to the pitch of the screw to be cut as the 
number of teeth on the marwlrel change wheel is 
to the number of teeth on the guide screw wheel. 

There are two practical methods of obtaining 
the change wheels necessary to cut a ; 5 ivon 
thread: (1) by obtaining ratios direct, the other 
(2) by cyphers. 
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(1) To cut a thread of 2 per inch with a 
guide screw of 4 per inch 

The change wheels must tliereforo have a 
ratio of 2 to 1. 

(2) Place tl)e number of threads in the guide 
screw for a numerator, and the numIxM- in tlio 
screw to ho. cut for a d<‘noininator, and add a 
cypher to eacli to obtain the numbers of teeth 
in tlie eliange wheels : 

Guide screw 4 _ 40 

Screw to be cut, 2 20’ 

and wIk'cIs of 40, and 20 teetli will cut tln^ 
screw recpiired, and 40 will go on the mandrel 
and 20 on the guide screw. 

Simple and Compound Trains. When 
two wheels only are lux-d the train is a simple 
one [289]. Hut wh<‘n ratios exceed 6 to I 
siinph' trains do not siifhce, l)(‘cause one of the* 
wheels would exceial the* limits of the centres of 

iriandr(‘l and 

guide screw, 
or the si/e of 
tht^ largest 
wheel in a set. 

( ' o m p o u n d 
trains 1 290 1 
(■(•nsisting of 
four or more 
w h (‘(‘Is a r (* 
then used, but 
the ratios of i 
drivers and 
drivc'fi rvmain 
iinallocted. 

If a screw of 
20 threads per 
inch hew ant(*d, 
the guide screw' 
h a V i n g t w o 
threads ])(*r 
i n c li, t hen: 





a ratio of O’lO to 1, or ,\^t}i ; or, putting it in the 
foiin of a fraction : 

1 _ 10 
]0 KM)’ 

Hut as the lowest wheel in a set lias 20 teeth, 
this fraction must be multiplied by 2; 

10(1 ^ " 200 ’ 

Hut, now, 200 (‘xeeeds the highest numbered 
wlu'el ill a set, and so other wheels must b(^ 
found. Then; an; sev<‘ral ways by W'hi(*h a 
eornpound train may be (hxluced, by br(;aking 
up into factors us follows : 

20 _ 10 X 2 _ X 20 _ X 20 _ 25 x 20 
20t}”20'^l0"^iq X l(Jd~ Vl0Vlb0“50 x i()0* 

These last factors give wheels in a set wdtliout 
recjuiriiig duplicates, and they have the same 
10 ‘^0 

ratjo as - ~ or -y~- : and 25 and 20 are the 


driving wheels, and 50 and 100 are the driven 
wluH*ls. 

In the case of vi‘ry fine or very coarse pitches, 
the compounding has to lx* incrcas(*d to six or 
eight w4ie(*]s : but the ratios must' always 
be obs(‘rved exactly. The final arraugements 
obtained can always b(* test<'d by multiplying 
together the drivers and the driven separat<‘ly, 
and dividing one quotient by the other, as in the 
example just given. 

It will bi; evident tliat, the object being to 
select workable wheels —tliat is, wheels in the 
standaid sets— Hu* br<‘aking up into factors 
in the examph* giv(‘n may be dom* by halving, or 
doubling, or adding, or l(‘sscning by any suitable 
increments, as fourths, fifths, or thirds. Hut 
the essential point is that the factors which 
stand tor numerators and denominators respec- 
tivdy must be increased or diminished in the 
mme pro^xtrtions in order to retain the same rafiu. 

Gearing Up. Fig. 290 il]ustrat(‘s tin; m(*thod 
of g(‘aring up chang(' w heels. The driving w heels 

hc'ie are A, H, 

and the* driven 
( ‘,1). F is the 
quadrant, or 
swing })late 
pivot i n g 
around the 
axis of the 
gnid(; scr(*w F, 
the obje(‘t of 
W'lnch is to 
alTord a largi; 
rang(‘ of ad- 
just m(;nt for 
the centres of 
th(‘ change 
wh(‘els. The 
first wheel. A, 
derives its 
motion from 
the mandrel 
Ihi oiigli t Ii e 

LATHE CUTTIXO A LEFT-llAMl SCUEW' lixcd gcai’S 

sliow'U, the 

function of which is the n'viTsal of the direelion 
of rotation of tin* h'ad s( rew' !)y thi; reversing 
plate G. Fig. 291 shows a. siinjfic; train. A, Ji, 
eonneet(‘d by an idler, G, to cause the l(‘ad sciew' 
to rotate in tin; same sense as tin; mandrel, to 
cut t(^waids lh(‘ h(*adstock. Tin* photo 292 
illustrates tin; cutting of a left-handed screw' in 
the; shops of J.<udw'ig Luew(; & Go. 

Fractional Pitches. Fitclu^s ofbm have 
to lx.; cut which are not intc'gral parts of the 
guide* screw’, but comprise integers and fractions. 
Then the de'Uominator of the fra(;tion is used as a 
multiplier, thus : 94 threads ])(*r inch to be cut 
w ith a U*ad serewv (jf 4 per inch : 

\n o V,) 

- X 2 — - ratio. 

4 o 

We may multiply this liy, say, 5 : 

H) . 95 , ^ , 

and 40 will be the driver, and 95 the driv(;n. 

5029 



MKCHANIOAI. KNQINECRINQ 


The foregoing simply give the principles on 
which screw-cutting calculations are worked 
out. Calculations may also be Avorked decimally. 
Millimetre pitches may be cut Avitli an English 
lead screw by using a wheel of ll27 teeth. The 
(pi(‘stion of cutting s(.Tews having prime numbers 
to the inch ofttm has to Ix^ considered. So, too, 
the problem often arist's of cutting, not so many 
threads })cr inch, but of a certain number of 
threads in a given length of so many inches, and 
fractions of an inch, all of which 
admit of mon^ ext(‘ndcd treatment i 

than can l)e given Ium'o. Jhit no j / 

real ditliculty need arise if the csscii- // 

lial railo betwcaui lead screw and t < 
screw to be cut, as ju'cviously staled, / J 
be borne in mind. [ ' \ 

The cutting of multiple threads / ^ 

is doiK' hy chalking the teeth of the ) f K 
iriandr<‘l wheel and of the driven ' / /\ 

wlu'cl which engag<*s with it in two I I . 

e(pial parts for double thn*ads, in ! \ y ^ 

three for treble threads, etc., and S ^ 

using these marks as points at which \ J 

to start ea( 'll thread. Tlier(‘ are also ^ 

other d(;vices. The (pu'stion of \ 
catching threads at pi'opcr plac<*s V\ \ 
has to be eonsidcivd when tlu' pitch Xj \ 
of the screw to he cut is not divisible ^ — \ 

hy that of the lead sitcav w ithout a ^ 

remainder. The cutting of sfpian' 293. aiili 
threaded screws gives rise to difh- 
eiillies in grinding the angle of the tool, for which 
a diagram must he made of the developed thread. 

These and othc'r details render sci'ew cutting a 
highly specialised department of the turmay. 

Gear Cutting. .Roecait years liavc wit- 
nessed an extensive substitution of cut for <‘ast 
gears. There are many reasons for thi.s into 
which AV(^ cannot ejiter. But 
with I’i'gard to the machine 
shop, the result is that the / ^ 

numbers of maeliincs hasx^ in- j J I f 
crcas<?d, and tliat scvi‘ral new' \ j 

types have been designed. Tli<* 

most remarkable growth has ^ 

Ix'en that of the planer type, using a L.. . • 
jorniy or enlarged pattern tc)oth ; and 
the (jeneratincf ty|.K\ in which teeth 
mathematically true arc produced hy 1 
meK'hanism embodied in llie machine 

itself. These inehuh* machines in which •-j ^ 

rotary and icci])rocatiiig < uttiMs are \ 
used — the Bilgiam, the Warren, the \ 

Fellows, the Robey-Smitli, the Beale — \ 

machines which have little in common 294. millinc 
(' xcept the resulting teeth produced hy cri'TKU 
generation without cither formers, or 
tooth shapes embodied in tin? cutters themselves. 

Cutters. In the ordinary or older practice 
of gear cutting, all teeth are formed hy milling 
cutters 1 293 to 295]. These answer very well for 
spur gears, though the accuracy of the teeth 
depends entirely on that of the cutters. But 
the.so are approximate only, since eight cuttor.s 
have to produce jill teeth from those of a rack to 
the smallest- pinion in a set , and 24 cutters have to 
suffice in cycloidal teeth, as in the tables above; 


Involute Cutters. 

(Brown and Sharpe System.) 

No. 1 Avill cut wheels from 135 teeth to a rack 


No. 2 


»• 

, 55 ,, 

99 

134 teeth 

No. 3 



, 35 „ 


54 „ 

No. 4 



, 20 „ 

99 

34 „ 

No. 5 



, 21 „ 


25 „ 

N .0 



, 17 „ 

9 9 

20 „ 

No. 7 



, 14 „ 


15 „ 

No. 8 



, 12 „ 

^9 

13 


Epk^ycloidal Cutters. 
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('utt(‘r A 

cuts 

12 tei'lh 

„ B 


13 „ 

„ c 


14 „ 

D 

99 

15 „ 

E 

% « 

10 

„ F 

99 

17 „ 

«, O 

9 9 

18 „ 

„ II 


10 „ 

J 


20 „ 

„ J 


21 to 22 „ 

„ K 


23 „ 24 „ 

., B 


25 „ 2(> 

„ M 


27 „ 20 „ 

,. iV 


30 „ 33 

o 


34 „ 37 „ 

„ F 


38 „ 12 

„ i) 


43 „ 10 „ 

„ li 


50 „ 50 „ 

„ s 


00 „ 74 „ 

„ T 


75 „ 00 

1/ 


100 „ 140 „ 

V 


150 „ 240 „ 

,, ^v 

99 

250 or nK>re 

X 

99 

Back 


For tl iHVr(‘nc(‘S in t(‘cth. see the course on 
Drawing for EngiiRaM's. 

In some t)f tlu‘ (Jleason machines a form 
V is used as a guide for the 

•' \ roughing-out planing tool, A 
I \ in 296. As this leaves tin(‘ 

• ridges on the teeth, finish is 

L • impartial by the tool B, the 

X^,.— i shape of \vhi(^h is tlie counter- 
'l part of the tooth spaces. 

-A Wlu‘(‘ls up to 20 ft. diameter are cut in this 
way. In the Fellows’ machine, used for 
spur gears only, the teeth are generat<‘d 
hy an actual W’Ikm‘1 [297, A] tin* teeth 
”'r of which an^ hardened, backed off, and 

— 1~ ground to form e utters ; the Avheel is 

/ rotated throngli a small are, and cuts 

^ in the intervals of each movement hy 

.*\ [)laning action, as indicated to 'the 
[.INC process is identical 

jX with that which Avould hapj)en if a 
wheel of a hard substance were rotated 
in relation to a wheel blank of a plastic 
material. One Avheel tlius generates the teeth 
of any w'Ik'oI of any size of the same pitch 
witli perfect accuracy. In 297 the right-hand 
illustration shows a pile of wheels, B B B, 
arranged to be cut simultaneously. At C, below, 
an internal gear is being cut. The gears B 
. are l)eing tooled w ith a draw cut, hence the 
reason for the resistance afforded by the ad- 
justable stop I) above. 1 
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Cutters for Bevel Wheels. But tlio 
difficulties in cutting bevel wheel teeth witli 
rotary cutters are far more serious than those 
which occur Avith spurs, because of the tapering 
forms of the t(*olh, due to the attempt to cut 
tcH'th, the sectional shapes of wliich change con- 
stantly, with rotaiy cutters of unalterable 
section [298]. The result is a compromise. 
Absolutely true teeth are impossible in this 
system, hence th(^ reason for the employment of 
planing and gem‘rating machines. 

In planing machines for bevel wheels, a form, 
or enlarged tooth about three times larger than 
the wheel teeth on the major diameter, is used 
as a guide to the arm whii^h carries the recipro- 
cating cutting tool, which trav(‘ls in a path 
always towards tlu^ ap(‘x of the pitch cont* [299]. 
Tin; result is teeth the accuraey of which 
de})cnds on that of the form us(‘d. Tlu^ proec'ss 
is a slow on(», hence many of these machim‘s 
bavo two arms and tools euiting on opposite 
Hanks, ^^le 
Sell(‘rs, t h (* 

<)(‘rlikon, the 
(J lea son, and 
11m‘ (Ireen- 
A\' o o d and 
llalk'y belong 
to tl\is grou]). 

The first 
g (' n (' r a, ting 
machiru* made 
- the Bilgram 

e m b o d i e s 
roll ('fines by 
vvbieli tlu^ re- 
e i p r o c at ing 
arm is('oerce<l, 
and aocurab^ 
teeth are thus 
g(‘iuTated, and 
Ibis machine 
still bolds a 
leading plafe. 

Th(^ Hobey- 
S m i t h e m - 
bodies a rat luT complicated link mcclianism by 
which the movements of the tAvo cutting arms ar«‘ 
controlled. In the Warren, the tools are controlled 
hy slides, tlu^ angles of Avliich change constantly. 

'riic duties of the machinist operating gear- 
cutting machines obviously vary very much 
with the class of machine used. fii the 
ordinary ly])es the pitching has t/O be done by 
haiwl through a division plate and change. 
Avheels ; in the fully automatic types one manor 
youth can attend to several machines. Tlu' 
turning of the blanks is dom* elsewhen^ at tiu? 
lathes, or in some cases they are milled. I’he 
Avheel blanks, tumc^d to th<^ correct outlin<‘S, 
terminating at the points or ends of the teeth, 
are also bored. The bon; affords the means by 
which they are held on an arbor during cutting, 
though they are fixed [295] firmly by bolls in 
addition. 

Turret Work. Tlio large groux> of 
mw;hines Avhich are included under the terms 
turret lathes and aiUfjmatic screw machines 


constantly groAv in importance. They are 
rivals to the common lathes and to scrcAving 
machines. Tlie essential feature by which 
they are distinguished is that, instoatl of setting 
a tool or tools in succession in a slid(;-rt;st., a 
nunilx'V of tools are fix(*d \ip and set permanently 
in turret and cross-slide 13011 to operate in 
suec<‘ssion on a ])ieee of work, and that tht^ 
operations on any number of similar pieces aie 
repeated without any refixing or readjustment of 
the tools.^ This means that all the dimensions of 
a piece of Avork are tix(;d hy the tools, Avith tlu; 
result that tentative measurements during the 
progress of the cutting are avoided. This is 
true ill turret and automatie lathes alike. But 
the latter emhodi('s, in addition, all provisions 
necessary for tlu' nutoiuatic mo\"ement and grip- 
])ing of the work, of the rotation and locking of 
th(‘ turret and its tools, and of the tools in tlu' 
cross slides, and all are timed to tak(; efface at 
tlu‘ precise' instant rcepiircd. 

Turret 
Tools. Tools 
used in turr(d 
practice com- 
prise roughing 
and finishing 
I tools for turn- 
ing, boring, 
and forming ; 
tools for flit- 
ting- off, drills, 
r(*atners, and 
screwing t-ools. 
"J’lic'y arc grip- 
ped in the 
turret directly, 
or in intcriiu;- 
diate boxt's, or 
in tbe cross- 
slide. No 
measu rement 
is «;vi‘r taken 
with ruk; or 
eaJijicrs after 
th(; tools are 
once fixed up until after tlic work is removed 
from the lathe. Tlu; range of movenu'nt of each 
tool is predi'termined liy the use of stops and 
throAv-out nu'chanism, so that suhsecpient 
gauging d(‘t<ects but a small jiroportion of 
inaccurate ])i(‘ces. "J'lu* action of the; tools is 
much assisted by tiu' free use* of lubricant 
pumpexl under fircssun; on tlic tool points and 
the portions of the work which arc undergoing 
cutting. Their cutting edges arc thus jircsci vcd 
go<xl for A’cry considi'rablc pciiods, gimcTally for 
somt* days, and tlie accuracy of tlie work jjro- 
duced is not impaired by any imxiortant rist; in 
temfKTatun;. 

Points in Turret Practice. In the 

employment of tbcs<* tools there are several 
other matters avIucIi ha\^e to Ix^ borne in 
mind as affecting the accuiacy of results — tlu* 
€*mbodim(;nt and the maintenance of alignment, 
the prevention of vibration nr distortion, the 
fiexiire of tools and their hold(‘rs, and tlu^ 
synchronising of the movements of the tools 
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Avith those of the work are essentials. It must 
be remeraberod that, in the interchangeable 
classes of products which arc done on the turret 
•lathes, uniformity in dimensions is necessary 
within a finer limit than a thousandth of an inch, 
and therefore flexure, distortion, or vibration to 
that amount would be fatal to the degree of 
accuracy demanded in such work. 

The multiplication of tools is the most dis- 
tinguishing feature of the turret lathes. Instcafl 
of putting in and clain})ing tools in a rest one 


A great improvement introduced by the turret 
lathes is that of making pieces from solid plain 
bar, instead of using forgings of the approximate 
shape required, and finishing them. By using 
a bar, a considerable length can be grii)ped in 
the chuck and fed through at intervals as pieces 
are turned off, and there is no bother with scale 
as on forgings, or difficulty in holding up to 
dimensions. Bars up to 6 in. diameU^c are thus 
worked from on semi-automatics and full 
automatics. 



296, Gear culling witli form us 297. Details of Fcllow.s’ Ko.'ir-cutting maclnne 298. Ilolary cutter at work 

299. Bevel gear cutting by planing 300. I’ox tool for turret lathe. 


after another for })crforming siiceessive oporat ions, 
all the tools required are held in a revolving 
turret and on a cross-slide [301], so that they 
may be brought into position in succession as 
rapidly as possible, and by means of stops may 
bo checked at predetermined positions, enabling 
work to bo repeated indefinitely to uniform 
dimensions. The tools are constructed so that 
they cannot cut smaller or larger through any 
mistake on the part of the attendant, who simply 
has to move the handles to feed up and withdraw 
the tools. In automatics even this is dispensed 
with, and the movements are actuated by cams 
witliout human inter vent ion. 

:1632 


Example of Turret Work. The example 
t>f turret practice showm in 300 to 306 will 
serve to illustrate the principal operations done 
with tuiTcts, th(5 case l)eing taken from the practice 
of Alfred Hcrlxn t, Ltd. on one of their automatics. 
I’he piece being produced is a locomotive handrail 
pillar, which is finished from a bar. A, the size of 
the largest diameter, held in the hcadstock chuck 
and rotaU^d by it. The turret, shown with its 
complete set of tools in 302, first brings up a 
starting tool, B, with three flat cutters held in 
sucli a way that the end of A is bevelled or 
pointed, as seen in 302, to enable the box tool C 
[303] to begin easily. Before, however, C ^lan 
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begin, B has to retreat, and the turret bo given 
a partial turn, bringing C into line with the bar, 
when it commences to travel up the latter. 
The box tool, seen in detail in 300, comprises a 
cutter. A, held in a cast-iron frame or Ik)x, and 
clamped and adjusted therein by a bolt and grub 
screw; and a pair of adjustable V-guidcs |B] 
locaU^d opposite the cutting edge. The l>ar 
cannot, therefore, spring away from the tool, 
i\s it may in ordinary turning, but is kept up to 
it by the guides, enabling heavy cuts to be taktm 
and ensuring uniform diameters on numerous 
pieces. Two diameters may bt^ turned on a bar 
by fitting a couple of the tools and guides A 
and B in a hox, one belli] id the other, a longer 
box being used if required. 

Returning again to the sequence of ojierations. 
in 304 the box (' has retreated, and another, I), 
is brought up for finishing to exac^t size — Ix'eaiise 
C had to rough olf a large aiuoimt — and also to 
cut down tlui end of tlu^ bar smoothly to length, 
with a facing tool held in the shank of 1). 
Forming is the next operation, done, with a 
broad, deep 
f ool [K, 305 J, 
held on the 
cross-slide and 
f(id into the bar 
until it as- 
s u rn e s i h o 

shafK? seen in 
305. .V steady 
bush, F, in the 
turret sup])()rts 
the end of the 
b a r d u ling 
forming, to 
])r event it 
from springing 
back under the 
lieavy stress. 

»S c r e wing is 
done next with 
the die |(b 
306], w h i c Ji 
cuts the thread as the bar revolves, and tlion 
automatically opens, upon which the turret 
moves back, avoiding the necessity for unscrew- 
ing the work out of the die, which would have to 
be done if the latter wi^re solid. Finally, the 
piece is parted off with a eutting-off tool [H, 306], 
formed so that the globular form of thc5 pillar 
end is retained, leaving a men^ tit at the end. 
When the pillar drops off, the bar is fed through 
the spindle again, and the cycle of operations is 
repeated. 

In addition to these common operations, 
others which can be done on turret lathes aj-c; 
boring, recessing, and threading holes, broad 
facing, v^h tools travelling on the cross-slides, 
taper turning and boring, roamering, knurling, 
etc., some of which entail the use of special rigs. 

Influence of Turret WorK. The 
modern practice of turret lathes and aulo- 
maties has effected profound changes in the 
forms of and methods of operation of many 
cutting tools. From the comparatively simple 
forma used on the semi-automatic lathes, in 
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which all the various movements of the tools 
and of the work arc effected by the volition of a 
workman who dares not move away from his 
post, they have grown into V(M'y complicated 
niechanisnis. The reason of this complication 
is twofold: first, the deshe to he aide, to jK^rform 
two or more cutting operations simultaneously ; 
and, secondly, the economical necessity of 
making the machines and tlu'ir niov(‘]]i(‘u(s 
wholly automatic. The result is the evolution of 
the boxe.s that contain several tools. 'Phe 
movements of ea(;h tool arc ]in‘deteriniiic(l, anti 
in the moTc elaborated tyiK3s 1hen3 is mechanism 
introduced for producing movcnuuils of (he tools 
in the boxes, independently of lh<' ])rimarv 
motion of the box derived from tlie movement of 
tlio turret. 

High-speed Tools. The advent of the 
liigli-speed tool steels in 11)00 has changed tin* 
practice of the machine shop in a more radical 
fashion tlian any other innovation since the 
inventions of the slide rest lathe and Ihc! ]>laning 
machine. These steels do not c)M’e tJieir value 

to earhojj, as 
do the ordinary 
tool sl<‘t‘ls, hut 
ehielly to eliru- 
miiim, tung- 
sten, a nd moly- 
bdenum. They 
are not tem- 
])er(*d , bu t 
hardened right 
out in eold rji’. 
I’lu'y o]ierat<* 
best at high 
sp(‘(‘ds and at 
higli lcni)>era- 
tuies. 'Phoy 
sliow to bolliT 
advantag<i in 
turning mild 
stei*! than east 
iron. Theyaro 
forg<‘d at a 
white heat, which would ruin ordinary eaibon 
steels. 'Phe rate of cutting varies with the 
area of tia chips removed. Ft ranges from, 
say, 40 ft. or 50 ft. a minutt* dum^ v'-ry heavy 
work, to 400 ft-, on light cuts. Fr lu tSOO lb. to 
l,t)00 lb. of cliips removed per hour is no iirujsual 
ree(»rd. On(3 result is (liat new lathes liave been 
designed to withstand tlu* enormous stresses 
imposed, and that the driving pow»‘r in maeliiiic 
shops using thes(i steels has had to l>e tri4jled 
and quadrupled. "Phe same stt‘el is used larg<ily 
for drills and milling cutters, and some remarkable 
performances ai*o on recoi*d. 

Templeting. A section of modern practice 
which is of vast and growing importance is Unit 
denominated /Ldurr, iind jig work. Th(3 
terms arc used rather loosely, but may be dcliiKid 
as follows. A templet or template is used to 
avoid (he lining out illustrated in a previous 
article. Its function is either to embody centre.s 
and edges for lining off work l>y, or to be employed 
as a guide for machining by. The first-named 
is the templet proper, the second is often tcrinc'd 
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a fixture, something which is attached to the 
piece of work, or vice versa, thus obviating any 
lining out whatever. Tho advantage is that not 
only is mucli time saved, but any number of pieces 
machined thus will be all alike, which cannot bo 
guaranteed when lines have to be worked by. 

The simplest exami)le of the templet, or jig, is 
that used for drilling and allied operations [307]. 
Tho holes provided in it control tho drill or reamer 
so that there can be no departure from exact 
centres. As the holes would wear in time with 
the friction of the drill, they 
are generally bushed with 
hardened steel [307], or cast- 
iron bosses are screwed or 
riveted to the sheet metal tem- 
plet [308]. Provision is also 
made for setting or adjusting 
the templet to the work, and 
this is often not an easy thing 
to design when fitting has to 
l)e made to rough castings and 
forgings. 

In strictness, tho terjii tem- 
plet, though ai)pli(d loosely to 
fixtures and jigs, signifies 
sometliing by which work is 
lined out, though drilling tem- 
plets, as just shown, ar<? con- 
stantly s}X)k(ai of. A fixture 
denotes something which is 
specially designed and at tached 
to a machine for holding 
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one or more settings. They may cost many 
pounds, but in an interchangeable system of 
manufacture the cost per piece becomes almost 
inappreciable, and often comparatively unskilled 
labour may bo employed, since neither lining 
out nor measurement has to be done. In 
modern practice these devices arc largely 
adopted. 

Subdivision in the 
Machine Shop. Tliis is 
carried out to 
a greater extent 
than it was a few 
years ago. It is 
done ill two ways 
— ei tiler by group- 
ing maoliines un- 
der a single roof, 
or by arranging 
til cm in separate 
shops. In a works 
of medium si^e, 
tlic first is th(i better 
plan, but as firms in- 
crease in dimensions the 
hitter possesses advan- 
tages. In the first ease, the 
ent ire shop can be under tho 
control of one foreman; in 
the second, since more than 
one hu'crnan is necessary, it 
is better to kcej) the depart- 
ments in separate buildings. 
It is more convenient for 
power transmission and for 
handling materials and W'ork 
to have machines grouped, 
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302-306. TURRET PRACTICE 308. .TIG WITH CAST-IRON BOSSES 


special pieces in repetitive work without involv- 
ing tentative settings. It may or may not 
include provision for controlling the movements 
of tools. But if it does embody such provisions, 
the term jig is usually apphed. Some of these 
fixtures and jigs are of a simple character, others 
are extremely complicated and costly. Many 
embody provision for controlling the whole of 
the tooling on an elaborate casting or forging, 
as planing, milling, drilling, reaming, etc., at 


when in large numbers, in separate buildings. 
The modern method, therefore, is not to mix 
up all sorts and sizes of machines, as lathes, 
planers, shapers, drills, indiscriminately, but to 
have a heavy planing department, and a light 
one also, light milling machines distinct from 
tho heavy, light drills also — a system which 
lends itself to the lietter control of tools and 
jigs, to the training of hands, and to economies 
in production. 


Continued 
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The Advantage of Continuous Supply of Weft. Efforts to 
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Attain this. Automatic Weft Feed on the Northrop Loom 
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By W. S. MURPHY 


V^HEN Edmund Cartwright invented the 
^ povvor-loom he imagined tliat ho liad 

discovered the principle of automatic weaving; 

but practical experience soon shoA\ed him 
his mistake. The loom itself would go on 
working so long as the driving power was 
applied ; but the weaving eeased so soon as the 
weft spool in the shuttle 
was exhausted. Here the 
inventor met with an 

obstacle he. could not 

surmount. The shuttle 
is not attached to the 
mechanism of the loom ; 
it rims to and fro, an 
independent unit. To be 
n^tilled, the shuttle must 
be taken out ; this in- 
volves a eonn)let(; stop. 

We have also been eom- 
l)elled to devise means by 
which the loom is thrown 
out of gear wdien the weft 
brt'aks. Here is th(5 prob- 
lem : How is the loom to 
be kept going while the 
shuttles are being changt^d, or whit th< ft 
supply is being maintained ? 

The Northrop Loom. After tin* lapse of 
1(X) years, and ahiev many a man had w'orn him- 
s(‘lf out with attc'inpls 
to get over the dihioulty, 
new'S came from across 
the Atlantic that the 
problem had been solved 
by a citizen of the 
United States. The 
solution took the form 
of what is now known 
as the Northrop loom 
[ 163]. Strictly speaking, 
the loom was a novelty 
only in tho sense that 
it made commercially 
practicable what had 
before been regarded as 
experimental. 

Continuous Sup> 
ply of Weft. The 
main feature of the 
Northrop loom is the 
apparatus for the con- 
tinuous supply of spools 
to the shuttle. It w^as 
originally intended to be made applicable to all 
forma oi existing looms ; but, as we shall see 
from our examination of the appliance, some 
modification of structure was ncct^ssary. 


The bobbin or spool carrier [164] is placed on 
the breast of the loom. 'I’wo dis.^s, the length of 
the s))ool apart, are sh'cved on the supporting 
bracket, and on the inruM* sides of the discs mh* 
set small springs which hold the s])ools. A guard 
is formed on the supporting bracket to keep the 
bobbins in position, while tlu^ om* nearc'st the 
loom, and in position for 
delivery, is constantly 
pushed by a spring ])awl. 
On the boss of tho disc 
is ii ratchet which cn- 
gagi‘s the spring pawl 
and regulatt‘s its action. 
Eurther out on tlu* 
spindle bearing the spool 
carrier, w(‘. find another 
disc over which tin* 
thread from tlie spool 
is led, and lu'Id tc‘ns(\ 
Spool. The spool of 
the Northrop loom is 
special [165]. In tin* tip 
is a little hole to fit on 
tin* spring of tln^ holder; 
on the butt end grooves 
or rings are made to catch into the spring of tin* 
shuttle ; and tin* spool must be fairly strong. 

Shuttle. A common shuttle is solid, with 
an ey(* at one end for tlie threading of the w(‘ft ; 

but tin* Northrop shuttle 
[166J requires to be of 
such a structure that it 
will allow a spool to hci 
thrust into it by mere 
force, and yet hold it 
tightly. Inside, the 
shuttle is grooved, and 
a spring tongue grips 
oil to the spool ; at the 
(‘nd where the eye is 
reipiired, a slit opens to 
admit tin* tensely drawn 
thread of the spool, and 
then closes with the 
motion of tho loom. 

Mechanism of the 
Feed. Wc have seen 
tho tools, but tho most 
important parts are y(*t 
to ht*. examined. In tlu^ 
ordinary loom, the weft 
fork stops the loom as 
soon as tho threiul 
breaks ; this is the mechanism which the* 
inventor of the Northrop has utilised for his 
purpose. Instead of the hammer and pressor 
acting on the spring lever which throws the 
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belt off the driving pulley, they have a different 
function to perform. Connected with the Hlide 
at the end of the weft fork, we find a pair of 
rooking levers^ one of which has on its 
end what is called a feeler [167], while the 
other acts on the spool carrier. By the com- 
bined action of those levers, the weft spool 
is taken from the carrier and driven into 
the shuttle. 

Control of Weft and Warp. When 
the weft is spent it leaves a trail of threa<l; 
to do away with this the Northrop loom is 
fitted with a cutting device which severs 
tho thread at the edge of the cloth. Warp- 
breaking is also detc^ot-ed by another 
ingenious improvement on tho usual waip- 
stop motions. It consists of a series ()f 
slotted steel slidt\s in the hcalds, through 
which the warp is passed. If a thread 
breaks or slackens, the steel slide drops and 
stops the loom. 

Working the Northrop Loom. 

Assuming that the loom is going and the 
weft laid projierly in the shed, we find all 
the special mechanism of tho Northrop out of 
action-^ the pusher is raised, the feeler is laid hack, 
there is no contact between presser and shuttle 
box, for the weft fork tilts at every beat of 
t h e s 1 a y . 

But now 
t he w' e f t 
breaks, 
a n d t h o 
fork stands 
still ; tho 

hammer, hitherto beating the air, is met by the 
slide on the end of tho fork, w'hieh it driv<‘S 
back, setting the other levers in motion. The 
lever controlling the shuttle feed is brought 
up, and is met by a small iron projection on 
the body of the slay. By this finger the lever 
is brought down, and tin? spool pushed out of 
the holder into the shuttle. At the same 
moment the sjx)ol drives out the spent or faulty 
spool, and threads its 
yarn into the shuttle. 

This action is clearly 
illustrated by 168. As 
will be noted, it was 
the forward movement 
of the slay w'hich called 
those motions into play ; 
when the slay ha.s swung 
back and reached its 
limit, the action is com- 
pleted ; before it comes 
forward to make another 
V)eat, the weft is in the 
has been resumed. With 
ratchet on tho carrier gets 
spool is put into position, 
the feeding apparatus fails to act, the loom 
stops. Eve^ detail of this loom has been 
carefully devised, and covered by patents. 

The “ Burnley *’ Loom. Though the 
best known of the automatic looms, the 
Northrop docs not occupy the field alone. 
We do not refer to tho Hattoraley, and other 
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loom, and weaving 
the same act, the 
a turn, and another 
If, from any cause. 


looms of that class, which also have undoubted 
claims ; but there is one rival, at least, based 
on the same principle as the Northrop, and this 
must be given some attention. 

A cast-iron hopper, containing specially 
made weft-cases, is fixed on the breast of the 
loom. The bottom of the shuttle box is cut 
aw'ay, and beneath it a curved slot extending 
to the front of the slay has been framed. Tw^o 
spring fingers are fixed in front of the mouth 
of the slot, and project towards the breast 
beam. At each side of the hopper a vertical 
slide is mounted, and thest* slides betwtH^n 
them liold a cradle, which keceps the weft 
cases in position. L^poii these slides the 
weft fork acts vvJicn the WT'ft fails, causing 
a w('fl-case to drop down and into the 
mouth of the slot. At the same time, tho 
position of the dropped Ciase is occupied. 
When the slay comes back, tlu^ weft-case 
<*annot obtain re-adinittance to the hopper ; 
it meets a solid resistance ; therefore, it is 
driven through the. slot and up into the 
shuttle from wliieh it expels the spent 
weft-case. A w(‘ight brings back the cradle 
into its normal position. 

The “Seaton” Loom. It has often 
been said that the shuttle is the thing which 

l)revtmts the 
loom from 
being com- 
I)letely auto- 
matic. The 
inventors of 
tlie North- 
rop, the Burnley, and other looms less famous, 
have devised means of making the feed of the 
shuttle automatic ; but others have tried to 
do away with the shuttle. altogelluT. Reluctant 
as we may be to part w ith such a faithful servant 
of the textile industry, we conft?ss to the belief 
that in this direction lies the complet<5 .solution 
of the problem. Of several devices already 
being tried, the loom known as the Seaton, 
seems most typical and 
pr^unising. In this loom 
the shuttle is abandoned, 
and another contrivance 
adopted, which we must 
examine in detail. 

Weft Carrier. In 
the place of the .shuttle, 
we find in the Seaton 
loom a double steel 
carrier, with grippers on 
each end. This carrier 
has two motions ; the 
first drives it across the shed ; the second 
pushes it further inw ard. During the first riiotion 
the gripjxjrs of the carrier are closed ; during the 
second they arc open. When home, the grippers 
are again closed, and they hold a thread. 

Weft Feed. Weft bobbins stand at the 
sides of the loom, and from the bobbins the 
weft is led up through a guide eye into a tube 
with clearing and regulating appliances. Thence 
the thread passes into a measuring and tension 
apparatus, w'hich pays out to the carrier exactly 
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the length of thread required, and then the 
shears come up and nip off the thread. The 
carrier bears the weft through the slied, and 
the slay comes up and drives it home. At 
the other side of the loom, the other end of 
the carrier performs in the same style. So 
thread by thread the loom works without stop. 
In other respects the Seaton loom is controlled 
by the same mechanism as the common power- 
loom. Should the weft fail from any cause, 
the weft fork will act and stop thtj loom. 

Automatic Weaving. The three looms 
so briefly sketched are takt'ii as representative 
of the types of machine* at pr(‘sent practical and 
ill fictual W’ork. Thert' are many others, for the, 
difficulty of the problems involv<‘d attracts 
ingenious minds, and t h<' jirofit offered for success 
is very great. Though thousands of Xoiihrop 
looms are working on both sides of the Atlantic, 
and producing ololh constantly, it can hardly be 
accepted as the com phi solution of the problems 
involved in automatic weaving. Production of 
plain cloth is only the first step in weaving. Wo 
do not helittl(‘ the Northrop in saying that it is 
a complex machine ; it is th{‘ common power 
loom, with the juitornatie appliances added on. 
Add further the eomploxity of the (lobby, the 
jacquard, the swivci, or the lap])(d, and wo have 
complication of a hcwvildering kind. Looms of 
the NortUro]) and “ PiirnUy ” have undoubtedly 
a useful future hedore them, but the grcnit diffi- 
culty in the w^ay of complete automatism in 
tile loom has not bc^en overcome. 

Some hint of the possible solution of the 
problem may be got from the “ St‘a.lon ” loom, 
which discards the shuttle ; hut it seems that 
the whoU^ method of forming fabrics should Ixr 
thoroughly reconsidered. The lace loom, tlu^ 
various knitting machines, the gauze looms, the 
looms with changing wairps and circular shuttle- 
boxes, all sugg(-*st that some machine li(*s iiidden 
which, if discov'ered, would unify the whole of 
fabric manufacture. Unknown to all save their 
own workers, and, perliiips, a privileged ohserve^r, 
some manufacturers have already made con- 
siderable strides tow'ards the realisation of this 
ideal. At the present moment- 1 here are horizon! al 
looms upon which lace curtains are woven ; cloth 
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is being made on what has liitherto he(‘n deemed 
only a knitting nuudiine ; the traditional alterna- 
tion of war]) and w^eft has heim obviated in the 
secret prochielion of several kinds of fancy 
fabric. These mysteries li(^ far beyond the limits 
of our i)n‘sen( st udy ; but we point to the facts 
as showing how p!-()gn*ss is being made, though 
no trumpeting proclaims it, and as a stimulus 
to further effort. Wi^aviiig is a practical biisi- 
iu‘.ss, and the wise manufacturer is mor(‘ coii- 
ceriK'd about niaUing a profit than achieving 
fame as an in- 
ventor. He d(*vises 
methods of making 
a fabric for wliieh 
lie ju>|)(‘S to have 
sale ; the market 
supplied, h(‘ discards 
the. nieeliariism for 
somt'ihing else. Tlu^ 
field of manufaeture 
is strewn with dis- 
carded contrivanc(3s, 
many of them valu- 
able if we could 
n'cover them. The 
art of wiuxving has 
progressed, but much 
remains to be doni^. 
Continued 
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Toothed Gears. We have soon that a bolt 
or a rope does not transmit power accurately, 
blit that a certain loss of speed occurs, due ti> 

“ slip.” Toothed gears arc not open to this 
objection, and are accordingly em- 
ployed whore motion has to be trans- 
mitted accurab^ly. Another advantage 
accriKvs from their use, /ind that is that 
they are much more et;onornical of 

space than belts or ropes. The __ 

simplest form of toothed gear is ^ \~Vxy J 

shown in 86, and is termed apur gear (V\ ^ 

or spur and pinion. Tlie larger of the i 

two wheels is tlu^ spur wlu'ol and Uu^ ^ 

smaller one is the pinion. Th ^ l _ 

't'' 


term pinion is apjiliod some 
what loosely in practice, but 
is generally understood to 
mean the smaller of any 
two wheels in contact, 
or any wheel having 
less than 20 teeth. 

'Phe dotted circles 
marked A are the 
pitch lines or pitch 
circles; these are the 
theoretical lines of 
contact and from 
them measurements 
are taken. The pitch 
of the teeth, B, is the 
distance from the centre 
of one tooth to the centre 
of the next one. When 
measuring a wheel it is con- 
venient to take the pitch from 
the edges of the teeth, as B*. 

That portion of the tooth, C, 
which extends above tlu? pitch 
lino is termed the /arc or addendum ; while that 
portion, D, ivhicli lies below the pitch line is 
called the flank or dedrndurn. The extreme 
outer end, JE, of the tooth is the jmnt^ and the 
lower end, P, is the root. 

Proportions of Teeth. 



Tt is very essential that a manufacturing 
house should have all its gear patterns made 
to some uniform system of proportion, so that 
any two wheels the same pitch shall work 
together projierly. A useful scale which 
approximates the above proportions 
and is used by some firms is shown 
in 91. The method of construction 
is very simple. Draw a triangle 
having a base line 12 in. long and 
a,v('rtical line 4 in. long, divide the 
vertical lino into 15 equal parts, 
and draw lines from parta num- 
bered 1, 5, 6, 7, 8, 10, and 11 to 
the point of tlie angle. Erect 
perpimdieulars on the base 
/'P hue in such positions that 

C their respective lengths 

correspond with definite 
pitches, as ] in., i in., 

I 

.6 
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86 . 


SPUtt WUEKL AND 
PINION 


The average English proportions 

of gear teeth arc indicatc'd in 

87, and are as follows ; 


Height of tooth above 

pitc-h 

pitch line (G) . . 

= -33 

Depth of tooth below 


pitch line (H). . 

^ *40 

Clearance at root, fl) . . 

07 

Working dcjith of tootl 


(J) 

06 



. PKOPORTIONS OP TEETH 


Total depth of tootii (K) = *73 pitch 

Thickness of tooth at pitch line (L) — *47 
Space between teeth at pitch line (M) — *63 
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any vertical line the 
tooth dimensions for 
the corresponding 
pitch may be taken 
off with compasses, 
the proportions 
being : 

Height of tooth nich 
above pitc'h line 
-/J> Depth of tooth be- 
5> low pitch line . . yi. 

Clearance at root . . ,*.7 

: V ^ Working depth of tooth . . 

Total d(*pth of tooth 
Thickness of tooth at pitch 
lino . . 

Space between the teeth at 
pitch line . . . . . . >|”- 

This scale is perhaps more useful in the 
pattern shop than in the office, as all the teeth 
arc there marked out full size, and the dimen- 
sions can be taken off the scale direct and trans- 
ferred to the pattern or tooth- 
block. 

Forms of Teeth. The 

forms of the teeth of gear- 
wheels have occupied the atten- 
tion of engineers to a very 
considerable, extent ; on ideal 
gear would have a constant 
motion identical with that of 
two smooth-faced pulleys whose 
diameter would represent the 
piteh circles in contact. If the 
tooth form does not permit this constant velocity 
at the pitch line, then a more or less noisy ...and 
inefficient gear results. A badly-formed tooth 




88. DOUBLE 89. SINOLE 
CURVE TOOTH CCRVE TOOTH 


I I is contributory to 

/T\ what is called 

L J j ^ f~T backlash . A 

j \ j variation in 

— ' ^ ^ velocity cau8<‘S 

I ' relative move- 

88. DOUBLE 89. SINOLE meiit between 
CURVE TOOTH CCRVE TOOTH the tcctli ill gear, 

and they leave 
their driving faces and come into collision with 
the teeth in front of them, tlio amount of the 
backlash being equal to the 
clearance between the teeth. 

There are two fornus of / j 

teeth generally adopted - / / I 

namely, double, curve or f \ / 

cycloidal, and sktgle curve or ' I I / 

involute . ho ^ J ' 'f H' 

double curve tooth y \ l\ 

is shown in 88 and . ^ ^ . 

the single curve I J(( 

tooth in 89. M 

A method of strik- . 

ing out the double 1 ^ 

curve tooth \ ^ ^ 


DRAWING 

not a straight line or chord. Tlirough the points 
M, N, O, P, Q, and H lies the true path of the 
epicycloid curve. The hyijocycloid is obtained in 
a similar manner, with the inner generating circle 
rolling in the reverse diic'ction. Only a portion 
of the curve is required for a tooth, as shoAvia in 
hatched linos. The diaiu«*ter of the generating 
circle has a great inlluenee on the thickness 
of the tooth at the root and at the point ; if 
it were made of etpial dianndcr to the radius of 
the pitch cirehi tlie Hanks of the teeth would 
J h{* radial straight 


- J // \ I ) 

W/I )/ 

W y >\ //' yr 


lines. Now, the same 
generating circle 


is indicated 
in 90. AB 








K iXt'Ovi 


M V 

\ A / 


\ \j V \ I 




/ ' y 

/ I A 


y/ y 


' 1 /!/ // // / / '/ 


\ > \\ \ / f' y y / / / 

' / / / / 

\ \ \ ' t I / / / / / / 


is the pitch circle, whose 
centre is at C^, Ujf)on it 


AAxW \ \ 1 

' 1 
\ \ \ \ \ ' I 

, whose ' ^v\ \ \ \ 

Jpon it \\\\ \ \ 
mid E, ''v^x\\\'' 
circles, A y ' \ \ 

lo«<-ril.c..s y\\\l 

icuryo; \y^, 

i<3Qr‘r] VaO.' 


rolls two circles, I) and E, ^ I / / / '/ 

termed generatiwj circles, A y. ' \ J ' ////// 

The outer one, B, deseribes 

the ouUt or epicycloid curve ; \l'l//y/ 

the inner one, E, describes 
the inner or hypocycloid curve. 

Tlie diameter of each circle 

may be taken at twice the | 

pitch. Taking the outer 90. cycloidal curve 

circle first, mark it out in 

a number of equidistant positions as shown, and the 
draw the centre lines through to C ; then take the to p 
arcs P G, F If, F I, F J, F K, and F L, and the p 
step round similar arcs on the generating eireic 
in its various positions so that G M is equal to 
G F, H N is equal to H F, T O is equal to T F, 

J P is equal to J F, K Q is equal to 

K F, and L R is equal to L F, 

remembering always ^ 

that the curved line or — 

arc must l)e 

measured, and 


!////// wliich is usi;d for a wheel 
11/ / ^ / must also be used for any 

If// ^ / wlici‘l or pinion whitjh has 
•//.'/ / / to gear with it, tiKToforo 

I I • ' / / / the diameter of a g(‘n(‘Tating 

I I / / / / circle is limited to the radius 
\ \ / I / / / smallest pinion of any set 

III//// wheels gearing together, oth(‘r- 

>!!//// wise the t(‘f‘ih would he less in thiek- 

// / n<‘s.s at the root than at the piteli line, 

' and the stnaigtli of pinion would bo 

r(‘due(‘d. The rei ognised limit for the 
Jow(\st number of teeth in a ] union is 
1*2, but 11, 10, and (*ven 9 teeth are 
not uncommon on cranes and 
winches. Taking, how'over, 12 teeth 
’URVE ‘Ls the minimum in average prac- 
tice, the diamettT of 
the gemuating eireic works out 
to practically t\vic(‘ 
the pitch. 


% li 1$. 
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The Odontograph. The odontogvaph is an 
instrument invented to avoid the labour of mark- 
ing out the cycloidal curves for each and every 
size of wheel and f)mion that may be required. 
8uitable radii arc given upon the instrument for 
the faces and flanks of teeth for all ordinary num- 
bers. One of its edges is cut to an angle of 75®, 
which can be laid in certain definite positions 
relatively to the pitch and pitch lino, and so 
used in order to obtain tho centres of the radii. 
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The odontograph is shown in 92. It can bo 
made by the student of stiff drawing paper or 
Bristol board. The width may bo lOJ in. and 
the length 13^ in. measured over the point. 
The angle of the sloping edge is 75°, and this 
angle is carried through as a lino to the edge 
of the scale. Marking this line at zero, the sosQe 
is laid down parallel to it right and left in J in. 
divisions, each division being subdivided .into 
10 parts. The scale on the point comprises 
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93. METHOD OF STRIKING 
ODONTOGRAPH FACES 
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40 divisions, whilst the scale on the othei 
side has 200 divisions ; the former gives ( j 
radii for /aces’ of teeth and the Jatten* giv(*s \ i j 

radii for the flanks. It is very convenient j|| 

to have the tables of (centres on the instni- ilf 
mont as shown [92]. 'jl 

How to Use the Odontograph. j 
First of all draw the pitch circle of the wheel 
required, also lines representing the tops and 
root« of the teeth ; then lay down tln^ pitch 
and bisect it on tbc pitch line, obtaining points 
A and B [93 and 94] ; the centre of the biscu'tion. 


of the teeth ” ; one compass leg is placed against 
that number on the scale of centres for the faces, 
the other leg strikes the face ( 3 urve from O. 

Suppose the wheel to 
have 40 tei*th 2J in. 
pitch, then according to 
the tabl(3 th<3 radius 
ccfitre is at 10 on the 
sea le. Having once found 
this centr(‘, a dotted 
circle H may be drawn 
through it and used as 
a base circle for striking the faces of the other 
I teeth, keeping the radius constant for each face. 

I To strike; the flanks |94] a similar method 
is adopted, but the odontograjDli is now laid 
with th(3 angl(;d (*dge on H, tin; scale edge again 
cutting the pitch line. The required radius 
number is now^ read off the* table of “ Centres 
for the flanks of the; teeth,'’ and the (iompass 
leg ])laccd on the corresjxmding number on 
the scale for the flanks ; the other compass 
leg strikes the flank curve from (). Assuming, 
as lH*fore, the wheel to have' 40 tec'th 2J in. 
pitch, the radius centre is at .‘15, and a dotted 
circle K may be dr.awn through it as a base, 
circle, for striking the flanks of the other teeth. 

The odontograph do(\s not. provide for 
pinions having less than 12 t(‘cth, and such 
pinions must therefore be set out by mcfuis 
of generating circles, as j)revio\isly described, 
the diameters of the circles being taken at 
half the diameter of the pinion. 

'^Hie depth of wlu'cl tc(;th is quite in- 
dependent of the tooth curves, and it may 


be noted h(‘re that 
distinct t(*n taicy to 
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94. METHOD OP STRIKING ODONTOGRAPH FLANKS 

O, becomes the edge of the tooth. To strike the 
faces, lay the odontograph on the drawing, with 
the angled edge on line A [93] in such a position 
that the scale edge just cuts the pitch line. The 
radius of the face is found by reading the radius 
mw^ber off the table of “ CJentres for the faces 


! / 


\ 1 1 
1 1 >' 


\ 

Continued 


there is at present a 
use shorter teeth than 
formerly ; this tendency 
tak(‘s (‘lh'(‘t in machine- 
i‘ut g(‘ar (d(‘scribed in 

th(‘ ii(‘xt lesson), and 

would undouhtedly ob- 
tain 1n on! inary cast 

gear hut for the con- 

fusion that would arise 
ill many engine. ‘rs’ shops 
through int(‘rft‘rcncc with (‘xisting prac- 
tice. Cycloidal and involute curves 
arc theoretical lini\s, aud do not vary ; 
but tooth proportions ar<^ arbitrary, 
and are determined by trial and error 

in actual ])racticc. Kor instance, in 90 

it will be seen that the; length of the 
tooth can be varied without affecting its 
true curve ; naturally a sliort tooth will 
cany a greater load than a long one in 
an inverse; proportion to its length ; the 
tooth itself is no stronger, hut the length 
of the cantilever is k‘ss. Working con- 
ditions demand teeth of sufficient length 
to ensure good (;ontact even when wheels 
arc not set aociirately and the pitch 
circles do not coincide. In dealing with 
gears to transmit great power, it is usual 
to design the teeth specially, and then 
the length of the tooth may lie reduced 
to '6 of the pitch, or even less. 
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Italian by F. de Feo ; French by Louis A. Barbe» 

B.A. ; German by P. G. Konody and Dr. Osten 


1 — >- 

' 

A T Y XJ Coutlmiivl from 

1 1 jjHK'*- .-tmt 

By Francesco de Feo 


THE PRONOUN 
Personal Pronouns 

The porftonal pronouns are substantives of 
three persons. 

The lirst jiorson iiKlieates tlio person who is 
speaking : io ranimino, 1 walU. 

The second person indicates tlie person to 
whom we speak : tu, Icgifi, tlum readest. 

The third person indicates the person of whom 
we speak : egli canta^ he sings. 

First person singular to (suhj.), \ ; mo (eomple- 
raeni), mo (prononneed cc-o, meh). 

' First person plural noi (snhj. and com pi.), we, 
us. 

Second person singular tu (siibj.), thou ; 
te (eompl.), thet' (prononneed too, tch). 

Second person plural voi (subj. and eompl.), 
you. 

Third person singular, masoiilini', ogli, esm 
(suhj,), he, it ; Ini, esso (eompl.), him, it. 

Third person singular, feminine, clla, ensa 
(subj.), she, it ; lei, ossa (eompl.), her, it. 

Third person plural, masculine, essi (stibj.), 
they ; loro, ossi (eompl.), them. 

Third person plural, feminine, esse (subj.), 
they; hro, esse (eompl.), them. 

For both genders and numbers : se (eompl.), 
oneself, himself, herself, etc. 

1. The forms lui, lei, loro, arc commonly used as 
subjects instead of egli, essa, etc. This is the 
case (1) when atUffition is particularly called to 
the subject ; (2) after anohe (also), j)iu (more), 
nemmeno (noi even), and similar w'ords. 
Examples : Ijo dice lui (jnn 7um io). He says so 
(but not I) ; Anohe lei era la. She also Avas there. 

2. The forms me, te, lui, etc., must always be 
used instead of the subjective forms when they 
stand as the second term of a comparison. 
Examples : Kgli stvdia piii di te. He studies more 
than thou ; Io sono mono ricco di lui, I am less 
rich than he. 

3. The pronoun of the third person se is always 
referred to the subject of the sentence, as : 
Pietro pensa per il sno aynico Carlo, ma Carlo 
pensa solo per se, Peter thinks for his friend 
Charles, but Charles thinks only for himself. 
(Note that per lui in this sentence would mean 
for Peter.) 

4. Noi and voi may be strengthened by the 
addition of aUri (for the masculine), altre (for the 
feminine), as ; N^oi altri andiamo a cusa. We are 
going homo ; and all the pronouns may bo 
strengthened by phnung after them stesso, -a, -i, 
-e, which correspond to the English self, selves. 
Example: Vho visto io stesso, I have seen it 
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mj^sclf ; Essa stvssa veymeda me. She herself came 
to me ; Egli pensa solo a so, stesso. He only tliinks 
of himself. 

5. J*rep()siticm.s {di, a, da, in, eon, su, per, etc.) 
are followed by the objective forms, as : Io non 
ho paiira di lui, [ have no fear of him ; IIo nna 
let fora srritta da lei, I have a letter Avritten by 
luM* ; Venite con me. Come with me; Pietro ^ 
nndato onyi lui, Peter has gone AAdth him. 

(». Instead of con (with me), coyi te (Avith 
thee), the eont raided Latin forms yyiooo, teoo, may 
he used. Note that soc<> means con lui (Avith 
him), con lei (with her). 

Exkroisk XXTTl. 
cascare (ca/i-scdlhreh), to fall 
capire {cah-poe-reh) to understand 
arroynpafpiaro. {ahrroyn pah-yiecdhrch), to accom- 
pany 

tenore (tehneh-reh), to keep (to have) 
jmceo (pdhreo), parcel 
proposta (propdstah), proposal 
hisogno {bocsd’7ioeo), need 
inroce {oonvoh-rheh), instead 

Note the folloAving expressions, in Avhich the 
A'erb “ to be " in Italian must agree with its 
subject : It is I, sono io ; it is thou, set tu ; 
it is he, e lui ; it is they, sono essi ; it is not they, 
7ion sono essi ; it was not avc , noyi oravamo 7ioi, etc. 

1. Noi abbiamo lavorato piu di \’oi. 2. La 

lettera e stata seritta da me e non da lui. 3. Se 
voi accompagnate me, io aecompagnero voi. 
4. Esso peiisano sernpro tutto il contrario di 
(piello ehe dieono. 5. T..oro eredono di far bene, 
o inveee fanno molt o male. 0. Noi non abbiamo 
mainiento; essi tengono tutto per loro. 7. Lei 
e gentilissima, ma lui no. 8. Quando siamo 
stati in bisogno, case lianno sempre fatto molto 
per noi. 11. Tu pensi sempre a te, e non pensi 
mai agli altri. 10. Un signore ha domandato 
di A'oi. 

Exercise XXIV. 

1. Where are you going ? If you will wait 
a little longer I AAdll come Avith you. 2. You have 
come in time; Av^e Avere just speaking of you. 
3. We thought it Avas he, not she. 4. One 
should learn io do everything by oneself. 5. 
We have written to him as Avell as to her several 
times, but they never ansAvered our letters. 

6. Who has broken that vase ? 7. Not I, 

it has fallen by itself. 8. To whom have you 
consigned the parcel — to him or to her? 9. 
To neither of the two, because they were not at 
home. 10. I cannot understand (non posso 
or won so capire) why he has made such a pro- 
posal to me. ^ 
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Idioms 

The four irregular verbs of the first con- 
jugation (stare^ amJare, dare, fare) are used in 
many idiomatic expressions. 

The most common of these expressions arc : 
filar bene, star wale, to be well, to be ill 
star meglio, star p^^gio, to bo better, to be worse 
come state ? how are you ? how do you do ? 
state a sentire, listen 
stare a disagio, to be uneasy 
stare in jorse, to be in doubt 
stare in pensie.ro, to bo anxious 
stare allegro, to be gay 
star (juieto, to keep quiet 
andar via, to go away 
andare a. 7nonte, to prove vain 
amlar tentoni, to grope about 
andar d'arcordo, to agree 
ra bene, good, all right 
d<trc a itUhidere, to make one believe 
dare in prestito, to lend 
dar disturho, to trouble 
von fa nierde, no matter 
far tardi, to be late 

che tempo fa what kind of weather is it ? 

far mostra, to make a slu^w 

far calazione, to breakfast 

far conto, to reckon 

fatemi sapere, let me know 

far attenzione, lo pay attenti(^n 

fare a meno, to do without 

far fronte, to face 

far orkchio del mercarde, to pretend not to 

hear 

(.bNVBIlSAZIONK 

Che tempo fa ? 

Cattivo tempo. 

Sara meglio aspettare anoora tin poco. 

Aspettatc voi ; io vado .a ccreare una carroz/a 
e ritorno subito. 

Va bene ; ma fate presto, se no fareino 
troppo tardi. 

Avete fatto colazione ? 


Si ; ho incontrato un mio amico, e ho fatto 
colazione con lui. 

Come sta vost ro padre ? 

Sta molto meglio, grazie. K come stanno i 
bambini ? 

La bam bin a e sompre un po’palliduccia ; 
sto molto in pensiero per lei. 

Che cosa farete domani ? Andrcte di niiovo 
da vostra cugina ? 

Si ; andro da lei. Loverina, non sta bene. 

Quando fate eonto di res tare un po’ eon noi ? 

Spero di esser libero per laprossiiua settimana, 
e allora profit terd della vostra gentilezza. 

Con ehi avcite parlato, eon lui o eon lei ? 

TTo parlato con lei, nita quest a sera o domani 
al pill tardi andro a parlare anehe eon lui. 

Fate attenzione alio loro parole. 

KkV to KxEfU’iSE XXI. 

Andremo ? Andiamo. Non andiamo. Non 
andremo. Andarono. Andammo. Io diedi. 
Non dard. Lo (if) farete ? Lo fo or faceio or sto 
faeimdo. IjO fanno 7 Non davanno ? Sta ? 
Non stara. Andastt^ ? Sono andato. Se desfii. 
Non darebbo ? J^^ssi non lo farebbero. Non 
andro ? Non andaste. Sarebbero andati. Se io 
non fossi andato. 

Note. The compound tenses of the verb 
andare are formed with the auxiliary ksere. 
The ])ast partioiph' after essere must always agrees 
with the subjeet of the s<‘ntenee. 

Key to Exerctse XXII. 

1. Noi andiamo a teatro stasiM*a. 2. Voi 
dove andate ? 3. (;3ie cosa farenio domani ? 

4. Io vado or andro in crampagna. 5. Noi 
andremo a vedere la chiesa nuova. (>. (hi^ 
cosa fate ? 7. Sto copiando un intcressan- 

tissimo passaggio da questo libro. 8. Date 
qualche cosa da mangian^ a (juesto ragazzo ; 
ha fame. 9. E m'cessario ehe io vada in 
citta. 10. Faceiamo presto, e moltt) tardi. 
II. Io vado un pochino fiiori e ritornerd a ora 
di pranzo. 


Continued 
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VERBS — continued 

Peculiarities of the First Conjuga- 
tion. I. Verbs ending in cer, such as arawrer, 
to advance ; prononcer, to pronounce, take 
a cedilla under the c before a and o, as an 
indication that the soft sound of the c is to be 
retained : novs pronon0,mes, nous avan^otis. 

2. Verbs ending in oer, such as manger, to 
eat ; partcufcr, to share, retain e after g befoni 
a and o, so that the g may have the same soft 
sound as in the infinitive : nous mangeoyis, 
partageant. 

The tenses and persons affected by these 
two rules are shown in the following table : 

Indicative 

Present 

nous avanQons 
* nous mangeona 


Imperfect 

favan^ais, tii avan^ais, il avnn^ait, its avan- 
^aieiU. 

je 7 nan(jeais, in mangeais, il mangeait, ils 
mangeaient. 

Past Definite 

favan^ai, tu avancas, il avmi(^a,nons avan^ume^, 
ixms avan^ates. 

je 7 nangeai, tu mangeas, il mnngea, 7 wus 
7 nnngedmes, vous niarufedles. 

Imperative 

avani^ons 

rnangeons 

Subjunctive 

Imperfect 

que famneasse, qne tu avan>casse.s, qidil avane^dt, 
que nous avant^aasions, que voua avanqasaiez, 
ifiCila avan^aaeM. 
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ytte je mangeasse, que tu mangmsses, qu'il 
rmngedt, que tmus mangeassions, que voua 
mangeassiez, qu^iU mangeassent. 

Participle Present 
avan^nt 
mangearit 

3. Verba ending in eleb and eter double the 
I and the t before a mut€^ r, so that two mute 
syllables may not follow each other : appear, to 
call ; fappellcy T call ; jeteVy to throw ; ils jettarUy 
they throw. The tenses and persons atTected by 
this rule are shown in the following table: 

Indicative 

Prefienl 

fappeJlCy tu nppflleSy il appelUy ih appellent ; 
je jette, tu jettes, il jettfy ils jettmt 
Future 

j'appelleraif tu apprUcraSy il appelleray nous 
2ppelleronSy tmis appellereZy ils appclhront. 

je jfiteraiy tu jetteraSy il jetterOy nous jetteronSy 
vans jfttereZy ils jetteronl 

Conditional 

Present 

j'appelleraisy tu nppellerais. il appelleraity nous 
appellerionSy vous nppellerieZy ils appellcruient. 

je jetteraisy tu- jetteraisy il jeltcraity nous jette- 
rionSy I'ons jetterieZy ils jetteraient. 

Imperative 

apj)elley quil appelhy qn ils appellent ; 
jettey quHl jett€y qu'ils jettent. 

Subjunctive 

Present 

que j'appellCy que tu appellesy quit appelky 
quHls appellent ; 

que je jettey que tu jettes, qu'il jettey quits jettent. 
It is to bo noted that, although the infinitive 
has but one I or f, the future and the pres(‘nt 
conditional, which are formed from it, double 
the consonant throughout. The reason for 
this i.s that whilst in the infinitive tlio r goes 
with the e to form a sounded syllable : ap-pe-Iety 
je-tcr, after the addition of ai or nis, etc., it is 
joined to these endings, and leaves the preceding 
c mute : j'ap-pe-le-raiy je je-te-rais. But this 
new division of the syllables gives two con- 
secutive mute syllables. It is to avoid this 
that the consonant is doubled : j'ap-pel-lc-raiy 
je jeUte-raiSy etc. 

4. A few verbs in elkr and eter, instead of 
doubling the I and the i before mu.o r, take a 
grave accent on the c that precedes those 
consonants : ac,hetery to buy ; j'achetcy I buy ; 
gdery to freeze ; il gelCy it is freezing. Such are 
the following : 

hourreleTy to torment acheier, to buy 
celery to conceal hecqiietery to peck 

ciselefy to carve brevetery to patent 

geleVy to freeze crocheier yio pick (a Jock) 

demantclery to dismantle decolleter, to uncover 

the neck 

dentelefy to indent dechiquetery to cut up 
ecartelevy to quarter epimssetery to dust 
hareder, to harass etiquetery to label 
peleTy to peel haleter, to pant 
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6. Verbs that have a mute e in the last syllable 
but one of the infinitive, take a grave accent 
on that e when it is followed by another mute 
syllable, as wener, to lead ; je mene, I lead ; 
souleveVy to raise ; je sonltveraiy I shall raise. 

The tenses and persons affected by this rule 
are the same as those that double the I and the 
t in verbs in eler and eter. 

6 . Verbs that have c in the last syllable . 
but one of the infinitive, like esperery to hope, 
elder, to yield, change the acute accent into a 
grave accent before a mute .syllable. 

This rule docs not, however, affect the future 
or the conditional: 

eatery je cedcy ils cedent, qti il cide, but je 
cedcraiy je cederais. 

7- Verbs ending in yer cluinge y into i b(‘ff)ro 
a mute syllable: ployer. to bend, je ploie. I bend ; 
essuyery 1o Avip(\ j''essuierai. 

Tlic tenses and persons affeefed by this rule 
are the same as those that double the I and the 
t in verbs in eler and eter. 

If the ending yer is preceded by a, as in puyeVy 
to pay, the y may be, and usiuilly is, retained 
before a mute syllable: pnyiry je payey je 
payerai. 

H. It is to be nofed lhal in the ordinary course 
of regular conjugation verbs in ier, like prier, 
to pray, take ii in the first and siTond persons 
of the imx^erfect indicative and of the present 
subjunetis'e : nous priionsy vous priieZy que 
nous priionsy que vous priiez. 

9. It is also to be noted that verbs in eeVy 
regularly take re where other v(Tbs have only one 
Cy as agreery to aec^^pt, j'agreey 1 accept, it agreera, 
lie will accept. In the masculine past participle 
they have re, and in the feminine eee. Example: 
era-y ereee : L'dme a He creee immorfclley 
.soul has been created immortal. 

Exercise XXV. 

I. The more he advanced in age, the more 
ho advanced in wisdom {la sagesse). 

2. The manner {la inaniere) in which {dont) 
the Homans pronounced Latin was very different 
from that in which we inououneo it nowadays 
(to-day). 

3. Ho divided his fortune between (entre) 
his three children. 

4. According to {selon) a French proverb 
{le proverhe)y appetite comes from {en) eating. 

5. He invokes (calls) upon his benefactor 
{hienfaiteur) the bles.sings {bmedictiems) of heaven. 

6. It is said of a man who squanders {dissiper) 
his fortune, that he throws his money out of 
(par) the window. 

7. That letter brings us {annoncer) good news. 

8. The lesson begins at page seventy. 

9. Send that timepiece to the watchmaker's 
(horloger) in order that ho may put it right 
{arranger). 

10. I would willingly {volon tiers) wager 
(gager) a hundred francs that it is not he wdio 
w'ill carry off the prize. 

11. In 1660, Cnarles II. was recalled (rappehr) 
to the throne (le trdne). 

12. That fish is too small ; throw it back 
{rejeter) into the water. 
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13. When the fishermen are out at sea (en 
jAeine mer) they will cast their net (/e filet), 

14. Those who employ {employer) their time 
badly are the first to complain (.sc plaindre) of 
its shortness {hritvete). 

15. Light takes (employs) from seven to eight 
minutes to come to us from the s\in. 

10. We often pardon {pardonner d) those 
who boro (ennuyer) us ; but we rarely pardon 
those whom we bore. 

17. We have bought the victory at the price 
of our best soldiers. 

18. What is bought retail (en detail) is 
dearer (cher) than what is bought wholesale 
{en yros). 


19. It has frozen all night ; if it still freey.es 
to-morrow we shall ])erha])s be able (pourrons) 
to skatt* {jKitiner) Sa,lurday. 

20. (Jod drew {tinr) heaven and earth from 
nothingness {le nvant) ; Tb* created tlu'in by His 
word (la jxindr), 

21. Accept, [ayrerr), sir, my resp(*elfiil salu- 
tations (a) formula {la formulc) which is often 
used in ending a h'tter. 

22. We are sound inu‘s oblig(‘d to yield {c(der) 
to circumstances {virronsUinre). 

23. It is not he who pos.sess(‘s his fortune, it. 
is his fortune, that ])Ossesses him. 

24. Every roa<l U^ads to Home, says tin* 


p/overb. 
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LXXl. Verbs with Two Objects. With 
transitivtiand reflective vcrbs[ see XLI. , page 2489] 
the object (answ^ering the (question tvcii '(■ whom ( 
or U'aei ? what ?) (nearer 

t>l>ject). Tf a Kocond obj(‘ct, that of the pcr.son 
(answering to the <iueslion tvcuii' whom/ or 
is in the sentence, it stands iji tlie dative (more 
distant object). In sentences with tw'o objects 
the dative object ])recedes the accusative, unless 
the latter is a personal pronoun : (^r t c m 
'IVttlcv (dative object) ciu VllmcKH (accusative ob- 
ject), he gave the beggar [an] alms ; but : n 
vVtb C0 (accusative object, personal pronoun) 
tern 'Settler (dative object), or: cv 

It should be remembered that the reflective 
pronoun flit is the same in the dal ivo and accu- 
sative. In sentences with two objects the 
distinction betw'cen the cases sounded alike can 
thei’ofore only be made by ])utting the <[uestion 
‘li'Ciu ? to whom ! -corresponding with the dative 
< »f the person : Ter ikatfal^rcv bat fit mlctu, the 
cyclist has hurt himself (whom ? accusative (ob- 
ject) ; and: Tev dtaefabrev l;at fid) (dative object) 
ta^S (accusative object) veriest, the cy<*list 

has hurt liis leg (literally : The cyclist has hurt 
himself the leg). In th<^ latter sentence the 
dative fid) answ'ers to the (piostion (literally 
translated): To whom has the cyclist hurt the 
leg / 

The verb )v*crfcib to throw, is used irregularly 
with dative and accusative objects : t^r uvnf i bn 
(accusative) in ben <^anb, He threw him into the 
sand ; and: t^r tvavf il)in (dative) v^anb (accusative) 
incf (ihfiifit, literally: He threw him sand in the 
face (lie threw sand in his face) ; and : Qt irarf 
if)i: (accusative) mit Sanb inc< Wffi(f)t, He pelted 
him (accusative) with siind in the face. In 
similar manner are used ; t^incm (dative) or t^inen 
(accusative) anf tie 5iiU]cr flcvfcn, to knock (tap) 
someone on the fingers, in accordance with the 
(|Ucstion li'cm (d«ative)? or U'cn (accusative)? whom? 
(•^ineut (dative) or (/iinen (accus;itivo) in bic 59am^cn 
fneiven (or fnciffen), to pinch someone’s cheeks [in 
the cheeks]; and the verbs fchncibcii, to cut; 

to sting ; beigen, to bite (to itch) ; tveten, 
to step (to tread on). 

IfXXlI. Intransitive Verbs Govern- 
ing the Dative. Many intransitive and com- 


j>ound verbs re(piire the complement of a noun 
standing in the dat i ve, or govern the dative, such 
as :.^cl) autli'crtc ;.Muicu (dative), I answ'er you ; Ci'l* 
dl)nelt ffincm 'IhUct (dative;), He resembles his 
father ; llhiu nnib bev yict i^cbord^fit, One must obey 
necessity ; t^r fofipe ber Aabvtc, He follow'(‘d the 
track : etc. Where these nouns are of the 
2 )ersonal kind (lan'sonal substantives or i)ei‘sonal 
[u-onoiins), this elative is a “dative of the 
2 )erson,” in all other case's a “dative of the 
tiling.” Similarly the elative is ivepiire'd by 
se'veral reflective verbs (reflecting an action on 
the acting person): cr l)ilft fid' (reflective jiremonn 
dative), he helps liimself. 1’he fe>llowung iist <)f 
ve;rbs ree^uiring a com])loment in the; elative 
shoiilel be care-'fully committed tei me'Uiory: 

Many compounds wdth the [ireiiositions 
ab-, an-, aiif-, bci-, cin-, cut-, n-, mill-, nad)-, 
rcr-, pi-; for instance: ab'bclfcn, to remetly ; 
ab'vatcu, to dissuaele freun ; au'y\cbthcn, to belong 
to; airftcbfil, te) beseem, to suit ; an) fallen, to be; 
striking, le; at tract at I c'nl ion ; anf'VeifK»r 
for, to watch, te) sjjy ; aiu^ bclfiii, to render 
(e'liiporary assistance; ani;'ircid)e'n, te) evaele ; 
bi'i'ftcben, to help, relievo; bci'ftimnicn, to agree 
with, to assent to; eurfallni, to fall in, to 
ce)me into the mind; fin'ftcl)fn, to answer for; 
entflic'bcn, to ese;a[)e, to run away ; cntivvin\pn, te; 
escape, to spring, to arise ; cvfd)ci'ucn, to a^ipear, 
te> be evielent ; crlic'c\cn, te) succumb, to yiedd ; 
nuffarien, te) dis 2 )le^.ase ; mifi^tliVdcn, to fail ; 
nadi'p'tfd^pn, to search, to inepiire after ; naif' itelU n, 
te) place; behind, to pursue ; i^cr'bciupn, to be nd 
forward, te) ])revent ; vcrTenimcn, to overtake*, to 
occur; pi'fiilhit (of itself); pi'|cbf>k 

look at, to connive at ; and many other verbs, 
.such as dbilfln, to re;scml>Ie ; ant'irovtcn, to answer ; 
blcibcn, to ve*main ; banfen, to thank ; bicnen, to 
serve ; tveben, to threaten ; (t^inenOf te) 

succec.d ; fd)abcn ((^int'in), to hurt, to damage, to 
spoil ; pirnen, to be angry ; lanfd^en, to listen, etc. 

LXXIII. Impersonal Verbs. Tliero are 
two kinds of impersonal verbs, the real and the 
seeming — the former connected wdth the neuter 
iiersonal pronoun fc*, it, as their real and sole 
subject, whilst with the latter cjs precedes only 
the real subject. For instance in (5‘C' fdprinbcK 
iiiir, I am dizzy [in the sense it (an unknown 
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j)()wer) is dizzy within me], the verb fdjtinubein 
is a real impersonal verb; but in the sentence 
(ftf fd'^MUbclt tint bet My head is dizzy, 

the pronoun precedes the subject 
and the verb is only seemingly impersonal. 
Many real and seemingly impersonal verbs govern 
the dative of the person. Witli some can 
be omitted: 5lUc i|l (Cj>) ofutcu? How arc you ? 
[how is it with you ?], but 'Itbf ].'sl)iicu ? 

IIow are you ? [luuv is it going with you ?J, where 
tlie Cii cannot; be (ir()]> 2 )ed. 

1, In their impersonal form the verbs fihuuii^ 
bcfir, to bo dizzy, giddy ; al)iicir, to forebode ; 
fd^fiitcit, to sliine, to appear, to seem, grjvorn the 
dative of tluj person. T'uidcii, to seem, to 
appear, governs the dative or the accusative : 
Cfe( bi’uift (baucl/t) m i r or m i d) , Metliink.s, it 
seems to me. The transitives frciicii, to rejoice ; 
criV'|3fih to delight in ; bdviibeii, bcfiimmcvn, to 
trouble, to grieve ; l^crlrljen, to burt, to wo\md ; 
fdMUOv^cu, to ache, to sutler ])aiti, etc. govern the 
accusative with if IhiTe is no other subject; 

fveut mid), I am glad [ it.gladdtms me]; fduucr^t 
mid), It hurts me, it. grieves me, etc. 

Some of these verbs have no passive form ; 
it is impossible to use frcucii, to rejoice, in the 
l)assive voice and to say : od; bin etc. 

The ])assive voice is in these cases formed by 
the help of compounds with the inseparable 
prefixes cv-, be-, etc.: ^'sd) bin cv fveut, id) uvu* 
cvfrcut, etc. ; id) bin befummevt, 1 am grieved, etc. 
The following verbs are used with the dative of 
the person: fel)lcn, to miss ; maiuvlu, to want, to 
lack; ^cuiu^cn, to suthce ; eyeful leu, to please; 
bft)ac\en, to suit, to please; tvaumeu, to dream, to 
imagine; mifivaten, to fail, to miscarry; fchl 
fd)libvn, to fail ; flarmcvbcn, to become clear about 
stunething, to dawn upon one ; ciu'lcud)tcn, to bo 
evident, obvious ; frei'llebcn, to be at the disposal, 
to be at liberty to ; v^c^ifiUfii, to become, to 
beseem ; iHn'frmiitcii, to bapf^en, to (u:cur. 

2. With transitive impersonal verbs the geni- 

tive is somet imes used in thejilace of the subject 
in the nominative: iblid) jammert biefer ^cfiifd), 
I feel pity for this man (literally: this man 
grieves me), or ; 3}Hd? jammert b i c f c ci e u f d) c u 
(genitive); iS’d lol)nt bev (genitive), it is 

worth while [of the while]. 

LXXIV. Verbs Governing the Geni- 
tive Case. The genitive is also used in 
certfiin cases with the auxiliary verbs fein and 
merben : C5v ill bei^ llobccJ (genitive), He is as good 
as dead [ho is of death] ; (fii ifl nid)t mciiicc* iHmtce', 
It is not my business (my duty, my otiice). These 
and similar genitives are the result of omission: 
Crv ill (eiti Itinb) beci Tobeci ; ijl uid)t (bic 'Sad)f) 
mcinc^ $lmtc»J. Similarly genitives, tliat are not 
really dependent, but more of a predicative 
character, are employed in: 3cmaiib tft fd)lcd)rct 
?lrt, frcinibli^fu ^Ihi'encf, auberer and ulcidjerSWciniiiu^, 
cnti^iViu^cKtucr ?lufd)aiuin^, fd)led)tcr Ihunie, etc. ; 
literally : Someone is of bad kind (has a l)ad 
dispo.sition), of friendly temper, of another or 
of the same opinion, of opposite view, of bad 
humour, etc. Genuine dependent genitives 
are used with the intransitive verbs bcbfirfett, 
braiuhni, to want; bciifcu, to think; gebenfen, to 
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remember ; gcnHd)ten, to bo awavo ; t)avrcn, to wait ; 
fvotten, to chaff, etc. 

LXXV. The Expectation in Ques- 
tions. It has been shown that the question, 
ill German as in English, is formed by the simple 
displacement of subject and predicative verb. 
But in German the question may convey the 
expectation of the enquiring person as regards 
the adirmativo or negative nature of the answer. 
Where the Hflirmation is expected or desired, 
the opposite negative n i t , not, is added : 
.Hommt cr nid)t( Doesn’t he come? This afftr- 
mativc expectation can also be expressed by the 
addition of the conjunction bed), yet, however, 
and the adverb well, probably : cr Fommf 

bod'? cv fommf U'ol)l? and cr fommf bod) moM? 
If the aflirmative is not desired, the adverb ctira, 
possibly, is added: fommf cr cfma ? Simihirly 
Itommt cr fd)on ? Docs he come already ? convey s 
the hope that the person referred to is not 
coming yet. 

LXXVI. Position of Words in a 
Simple Sentence. For normal positions .si'e 
TiXX., page 3503. If the iiredicate is a verb with 
a separable pndix, the latter .stands at tin* end of 
flic sentence in the simple tenses: aii'liuncit, to 
listen to; Tn sidiulcr liortbcii Vclncr ait, The pupil 
listens to the teacher; and in the ]>erfect: T'cr 
^d)ulcr hat rcu Vdircr aiutclibvt. The pupil has 
listened to the teacher; aniVi^cl)fn, to go out; 
5d) nad) bem ('>ffcn aiii<, I went out after ihi* 
meal {aft(*i‘ dinner) ; and: id) bin iiad) bem (^ffcii 

1. Agreement of Sulqect and Predicate. 
'Plu‘ verl) (predicate) agrees with the subject in 
})erson and numb(‘r: ber '•Pater fitlaft (singular). 
The father sleeps ; and: bic .kiubev fd)lafm (plural). 
The children sleep, etc. With collective sub- 
stantive.s the verb stands in the singular, but if 
the collective noun is directly connected with a 
sub.stantive in the plural, the verb is employed 
in the plural: Tac* Wcbii\v’ cr()ob fid) I'cv mdncii 
Vliu'^cu, The mountain rose before my eyes ; but : 
Bin T'aitU'Ub ivaffer murbcii (plural) {\cbrad)t, A dozen 
barrels were brought; (Vine Sllciutc v^clbatcn cr; 
fd'icncu (plural), A crowd of soldiers appeared. 

2. A .sent(‘nee with several subjects and one 
predicate, or with sciveral predicates, attributes, 
objects, or adverbial nouns, and one subject, 
can be contracted to give the speech more con- 
(;i.senc.ss and better rhythm. The part of tlie 
sentence to which the other words refer is not^ 
repeated: X'aei ^cnucnlid)t flimmt bic ^^cclc ftcitcvf 
bev Jllcvtcn (ftimmt bic (Scclc) mifnmituv [The] sun- 
light makes the soul serene, [the] rain dreary. 

(a) If a contracted sentence contains as sub- 
jects a personal pronoun in the first, and another 
in the second or third person, the predicate 
.stands in the first person plural: uiib bu (or 

beiii Pniber) inimcr, I and you (or your 

brother) are always quarrelling ; 3d) u«b er ftnb bic 
bcjicn (Vreunbe, I and he are tlie best of friends. 
With personal pronouns in the second and third 
person, the verb stands in the second person 
plural: !Du nub cr (or betne greunbe) feib flew mi((^ 
fommen, You and he (or your friends) are always 
welcome. 



(6) If the predicate refers to several subjects, 
it stands in the plural: (Melt itnb vpitc "lOortc trirfen 
'IDttnbcv, Money and good words work miracles. 

(c) If several subjects arc regarded as part of 
the same idea, the verb stands in the singular: 
9luf Scljlacfncn feh^t (singular) (Mcfaiic^ nnb 

Tan^, Song and dance follow (plural) bloody 
bat ties. 

3. If the common member of the sentence does 

not agree in gender, number, (!aso, or tens(‘, with 
the other parts to which it belongs, no con- 
traction can be effected. Thus: ,'sd) boi^Cypifte nub 
^riijjtc bcu ^cl)rcr, I met and greeted the teacIuT, 
is wrong, because bcv^CiVicu governs the dative, and 
flrupeii tlie accusative. The correct form would 
be: bcy^cyptctc bem Vefjrcr (dative) unb c\vuf?tc ilui 

(accusative), I met the teacher and greeted him, 
which is also a contraction, as the subject id) 
is mutual to both predicates, with which it agi'ccs 
in person and number. 

4. In sentences with several objects (a) the 
personal object precedes the other, the dative 
stands before the accusative, and the accu- 
sative before the genitive: (9r fayttc iniv (3) bic 
'hhil)r()cit (4), He told mo the truth ; (Mnabc bci^ 

reticle il)in (3) bad Seben (4), The king’s 
mercy saved his life [saved him the lifej; ^liaii 
bavf eiu Tier (4)nid)t iuiitUMllic\ bed \!cbciid(2) bcraiibcu, 
One must not take wantonly an animal’s life ; 
^I'cr lkid)ter befd)ulbi^tk bcu (Mcfaiutencu (4) bed ^Ihv- 
breebend (2), ^he judge aecuised the prisoner of the 
crime. 

(b) The prepositional object is placed after 
the simple object in the accusative: T'cr 0ol)ii 
friut feineu 'Ihitcr (4) iim (proposition governing the 
accusative) ($‘rla«bni^, The son asked his father 
for permission. 

5. The adverb precedes the w'Ord which it 
qualifies: Csd) beab(id)tti^tc l)cute (adverb of time) 
nbpircifen, I intended to depart to-day. Where 
there is an object of the person and another 
object, the adverbs are generally placed bet w'(‘en 
them: (©ic U'crbeu niiv (personal object) nun\^eu 
(adverb of time) ailed (object) crvdjlcn, You wdll 
tell me all to-morrow. Where there are several 
adverbs it should be remembered that the 
adverb of time usually prcccd('s those of place, 
manner and cause: (^v mujitc i^cftcrn (time) 
(manner) abveifen. He had to depart yesterday 
suddenly; ivav b^utc (time) babcim (place) 
unaiidi^fc^t (manner) tdtut, I was to-day at home 
continually hiisy. 

6. The negation itic^t is placed after the verb 
(but before the past participle or infinitive in 
compound tenses), if it refers to the whole 
senttneo. In all other case^) it precedes that 
part of the sentence which has to be denied: 
JTcr .ft'aufmann bat nid;tcinen 'I^rief 4^efd)riebci!, fenbern 
eiuc fWc^miUvV The merchant has not written a 
letter, but an invoice ; Illicit ber dtaiifiiuniii f;at ben 
SBrief c^cfdbricbcn, fenbern ber (Mefchdffdleitcr, It is 
not the merchant who has written the letter, but 
the manager ; .ftaufmann bat belt 93ricf iiidU 
qcfcbvicBcn (negation of the whole fact), fcnbcvii 
biftiert. The merchant has not written but 
dictated the letter. 

7« The reflective pronoun precedes all other 
objects and adverbs and imm^iately follow^s the 
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fid) f)cntc UMcbft fiber feiu 
He w'as vexed again to-day about his 
misfortune. 

8. Displacements of nouns (invtu’sions) arc far 
more frequent infiormau than inc)th«‘r languages, 
for reasons of euphony as w(‘ll as for reasons of 
«‘Xpressivoness and strengtli. In poetry, in par- 
ticular, the word on which stress is to ho laid 
is often placed at the beginning or the end of the 
sentence: x n ft ifl baa IVbcii, 1) c 1 1 c r ijl bie .itinift, 

Life is serious, art is gay; ^clii ijl a((e<Scbulbl 
[his is all ginll ], He alone is to blame! 

EXAMINATION PAPER XTX 

1. What is the relaf ive position in the S(‘ntcnce, 
of the object of the p(*Tson (dative), and 
the object in the accusative? 

2. Which compound verbs and whicli simple 
verbs govern the dative? 

3. How many kinds of impersonal verbs are 
there! ? 

4. What rules determine the use of cm wdth 
S(*emingly impersonal verbs? 

.5. How' is th(‘ passive voice formed with 
such impersonal verbs as ficucii, fiinimciit, 
etc. ? 

6. Which verbs are used with the fiative of tlie 
person, and with which verbs can the sub- 
ject in the nominative bo replack'd by a 
genitive ? 

7. With which auxiliary verbs is the genitive 
employed, and how can this genitive often 
be accounted for ? 

8. How can the question indicate the expecta- 
tion of an allirmative or of a negative 
answ'er ? 

9. What is the normal position of the prodicatcj 
in the simple sentence, and the relative 
position of the tinitc v(‘rb and the other 
part of the pnalicato in a compound tense ? 

10. Tf the subject of the sentence is a collective 
substantive, when is the predicate used in 
the singular, and when in the plural ? 

11. In which person is the finite vctI) employed 
in a contracted sentence containing ptTsonal 
pronouns in tlu^ first and second (or third) 
person as subjects? In the second and third 
person ? When is it used in the singular ? 
When is a contraction inadmissible ? 

12. What position is taken by th(^ personal 
object in sentences with several objects, and 
what is the order of thi^ objects, as deter- 
mined by their eases (dative, accusative, 
genitive)? What is the position of tln^ 
propositional object, if the siMitcncc also 
includes a simple* accusative* object ? 

13. What is the relative position of the adverb 
and the word qualified by it, and which 
adverbs pre'ce'do, if the sentence contains 
more than one ? 

14. What eonsideu’ations dete*rmine the position 
of the negative uid)t in the sentence? 

15. What is the position of the reflective 
pronoun ? 

16. What are the reasons for, and what is the 
cfTect of, the di.splacement of nouns? 
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CONVERSATIONAL EXERCISES 
II. At the Hotel 


Will you kindly pay the cabman ? 

What is his fare ? 

He drove me here from the station. 

The fare, luggage incluclctl, is two marks 
50 pfennigs. 

Can you tell me how much that is in Knglish 
moruy ? 

One maik is ecpial to one shilling, so the fare 
would bo half a ('rown in English ruoiuy. 

I want a room. 

( )n which floor ? 

On the first or st'fond floor. 

T.iis room is much too small, and, besides, the 
windows open on Ihe yard. 

Haven’t you a bigger room with a view over 
tile market place ? 

On the third floor there is a front room vacant. 

Is it quiet ? 

The rooms looking on the garden are qiiiider. 

How much is this room ? 

This room is five marks ineluding attend inee 
and electric light. 

AVill you bring my luggage ? 

Please put the trunk by the door. 

How about the meals ? Is one compelled to take 
meals at the Jiotei ? 

Not in our hotel, but in othia' houses the visitor 
who takes his meals outside has to pay 
more for his roofii. 

Whore is the dining-room ? 

What can one have for bn^akfast? 

Coffee, tea, ehoeolalo, milk, bread, butter, 
eggs, ham. 

Bring me some coffee and milk, bread, butter, 
two boiled eggs and some ham. 

The eggs are lioiled too mucli, and the ham is 
too fat. 

Can’t I have some lean ham ? 

> The table d’hote begins at one p.iii, 

I nrofer to take my meals a la carte. 

What soup is there to-day ? 

We have pea soup and tomato soup. 

Bring me some roast veal, potatoes, and French 
beans. 

What sweet will you take ? 

Apple- tart. 

The bill, please ! 

How much is it ? 

Bring me some warm water in the morning. 

Give my washing to the laundress. 

But I must hav(‘ it back to-morrou'’ evening. 

I shall depart the day after to-morn^w in the 
morning. 

My luggage may be taken to the station. 

If tliero are any letters for me, please forward 
them to Municlu 


'FJeiien $ie (tcfdllicjfl bcu ilulfti^ev 
'Ildc iMcl maciit feiue Xavc? 

(Sr ful)v mid} vcm ^Ba^nt}ofc ^icr^ier. 

‘XiM'c cinfdiliefdtd^ (^ilct'vitfiJ bdrdgf 2 SKarf 50. 

.itcmieu 3tc miv fvujen, mic incl bad in cn^lifd'cm 
(^klre ill'-? 

(Sine 9Jlarf \)i ^lcirf> eincm (Ed)illintt; bie Tare U'dve 
bemnad} cine lialbc .U'lone in citititfd^em (Sfefbe. 

Cul} bcnetii^c cin Jimnicv. 

An U'cld)rni Stcffmcife? 

Am cvftcn rrev pvciten ^toefmerfe ; (also ; in ber 
ciftcn I'ber pvciten (Staitc). 

Ticfcd Aiinmcr ift v*icl pi flcin, nnb nbcibicc*. ifchcn bic 
Acnftcr anf ben l)inani?i. 

\>abcn ^ic nidu cin fttemrcci Ainuncr mit bev ?(noud}t 
anf ben SUiarfrpla^V 

Am bvirrcu 3tcdc ift cin Jvrcntpinmcr frei. 

Aft ce« rnt}ut ! 

TieAimmcv nad) bem C^lartcn finb vnf;ivV'v. 

"-llHio feftet bicfc»j Aiwimcv*^ 

Ticfcci Aimuicv feftet fnnfiUlarf mit Tb'bicniuu^ nnb 
c { c f t V i id' c V TV I c lid t m uy 
TlH'flcn N^tc infill biiintcn. 

ren .tfrffcr ftcllcn 2ic fmniblic^'fl pir Tiirc. 

Tl'ic ftcht c? mit ten TValpitcn 'i SJhifi man bic 9)la(; 
piren tm A>ctel ncl)mon 'f 

An nnferem a^otcl niett, aber in anbeven .^dufevn bat 
ter ('•lift, tcv tic Tifalpitcn antU'dvtci nimint, fiiv 
bvU’5 Aiinmcr incbr pi pifilcn. 
ift ber ;^vcifcfvial ^ 
fann man pint #^ rnl}ftuif f)abcn? 

.Uvtffcc, Tbcc, (5l;ccolabe, 3)lild>, 'Bret, Gutter, CSiev, 
'3d'infcn. 

Tbiiupn 2U mix cine **lu'vtu'n .(laffec mit 3Jlifd), .'Brot, 
Tbittcr, pi'ci ipfodnc (Sicr mib ctmad <8d)infcn. 

T)ic (^'iev ftnb pi f^art vpfed^t nnb ber Sd'infen ijl 
pi fert. 

.H'aiin id) nid)t nunprcii ^diinfcn (jvibcn ‘f 

!Dic Table d’Hoto bcvpnut urn cin lU)r mittav3d. 

Ad) pct)c cc< ter, mcinc SDialpitcn h la carte pi ncf)mcn. 
aikii? flit 3nvvc ipbr cd ()ciitc? 

Tidr bat'cii (Srbfcnnu'tc unb Tkttabicddbfcb^nwc. 
T5riiupn (2ic mir cinen .rtafbtbratcn mit Ilarteffcfii nnb 
^riinen '■l^rlnien. 

^ik’lcbc fipie 2vcifc U'iinfd'cii (£ic pi nef)mcu'i? 
^tvfdfnd^cii. 

Ad) mi'ditc piblcn. 

TlUc ticl madn cd aius ? 

^rin^cn '2ic mir bca 3}loi\pnd ctlvvid marmed aiViffer. 
CMebcu 3ic ber Tlidfd)frin mcine ®dfd)c. 

?lbfr id) mnf; fic mcrctcn Vtbcnb iricbcrbcfommcn. 

Ad) retfe nbcrmor^cii friit) ab. 

Tlicin (Mepdd faim pir 53aT)rt acbrad)t mcrbcii. 

'Ilicun ' 13 vicfe fiir mi^ femmen, fo ^ie jle tnir 
iiad; SWuiidticn nac^. 
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LIENRY VII., founder of the Tudor dynasty 
* * in England, married, soon after his accession, 
Elizabeth of York, the eldest daughter of 


Edward IV., as we have already seen. Henry 
had ‘won his crown on the battlefield, but he 


was not a promoter of war, and had no incli- 
nation for the work of a soldier. He was a 


lover of peace, was much interested in the pro- 
motion of commerce and of international good 
understanding, and a patron of art and letters. 

A Diplomatic Sovereign. He was 
one of the earliest of English kings who gave 
much time and attention to the development of 
diplomatic relations between England and other 
(Continental states. Some of the marriages 
brought about during his reign boro striking 
testimony to his faculty for making international 
contracts, bearing promise of friendly relations 
witli other states, which more enb'rprising and 
less scrupulous monarchs might have endea- 
voured to achieve by the sword. 

Catherine of Aragon, daughter of Ferdinand 
and Isabella of Spain, was married to Henry's 
son, Artliur Prince of Wales, then only a boy, 
who died almost immediaU^ly after ; and Henry, 
without delay, brought about the betrothal of 
Catherine to his next son, afterwards Henry VII 1. 
with whom, on his succession to the throne, the 
marriage was solemnised. Henry also gave his 
eldest daughter, Margaret, in marriage to Jamc’. 
IV. of Scotland ; and thus the union of the two 
crowns, whose rivalry had been for so long a 
source of frequent war, was peacefully secured. 
Henry’s preference for pacific arrangements was 
so marked that when, in 1492, in consequence of 
some serious quarrels, he invaded France, he 
made with Charles VIII. the Peace of Etaples, 
by means of which he obtained a large ransom 
and consented to withdraw his troops. 

King or Scullion ? Two notorious figures 
in Hen^VII.’s reign were Lambert Simnel and 
Perkin Warbeck, Lambert Simnel aocompliHhed 
a sort of far-distant anticipation of the' Tich- 
borne imposture of recent days. He was the 
son of a baker, and in 1487 represented himself 
as the Earl of Warwick, son of the Duke of 
Clarence who had been imprisoned in the Tower 
by Henry VII. on a political accusation for 
which he afterwards suffered death. Simnel 
pass^ himself off on many persons as the rightful 
heir to the Crown ; and in Ireland his audacious 
venture met with so much success that ho was 
crowned in Dublin as Edward VI. ^ the rightful 
^ Sovereign of England. The jf^cliM of the 
Dublin people probably was not friendly towards 
any existing English monarchy ; and the fact of 
Lambert Simnel’s not being recognised by th® 
conUitutional authorities m England was itself 
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a strong recommendation. But Simnel carried 
his scheme too far when he crossed over to 
England and landed in Lancashire in June, 14S7, 
with some 2,0(K) followers. He was defeated 
and taken prisoner at Stoke, but \vas treated 
by the King with singular cleiueney. He was 
not only allowed to live, but w^as even given an 
appointment as scullion and falconer to the 
Koyal household. If Henry VII. possessed a 
sen^e of humour, it may well have seemed to 
him the most humiliating punishnumt ho could 
inflict to convert this claimant to the Crown of 
England into a subservient and willing scullion. 

Perkin WarbecK Imposture. Perkin 
Warbeck started a project much resembling 
that of Lambert Simnel. He w\as not an 
Englishman, and made his first appearance in 
public life in 1490 at the Court of the Duchess 
of Burgundy, sister of Edward IV. of England, 
and there claimed to be Hicliard Duke of York, 


the younger of the two sons of Edward IV., who 
were put to death in the Tower. Hts obtained 
a welcome reception at the Court of Charles VIII. 
of Franco ; and in Scotland ho was so well re- 
ceived that James IV. gave to him in marriage 
a kinswoman of his own. Lady Katherine 
Cordon. But when Perkin Warbeck tried more 
effective proceedings to obtain the Crowm he 
was much less successful. He tried to organise 
an armed movement in England, biit totally 
failed, surrendered on promis(5 of pardon, and 
was put into prison. His uprising had not 
caused much disturbance, and it is possible that 
if ho had remained in prison he might after a 
time have laxm released, as Henry VIT. was not 
an unmerciful ruler. Warbeck, however, escaped 
from prison, was captured, and was then con- 
signed to the Tower of London— a fac;t fon*- 
boding his impending doom. He was sentenced 
to death, and executed in November, 1490. 

Henry died at Richmond on April 21st, 1509. 
and is said to have left behind him a vast 
treasure which he had gathered together by 
various devices, such as the imposition of largo 
fines on offending barons or offending com- 
panies, and had hoarded with rigorous economy. 
It is stated that at the close of his reign it w^as 
found that ho had btiqueathed more than 


^2,000, 000 to his successor. 

The Early Days of Henry VIII. 

rhe successor to this treasure-holding ruler w.a« 
aia second son. Henry VIII., born 1491, who 
>ame to the throne under conditions at once 
luspicious and momentous. Few Sovereigns 
lavo ever been welcomed more cordially to the 
Royal position than was this boy king, who, 
luring the first years of his reign, was regarded 
srith hope, confidenoe, and affection by the great 
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majority of his subjects. Throughout his youth 
he was believed to be one of the luuidsomcsl, 
most accomplished, Jind most intellectual men 
of his time. 

The Renaissance. But the reign of Henry 
did not justify these anticipations ; and it has 
probably been the subject of more bitter eritieism 
and more extreme ditfeTcnees of judgnumt tlian 
that of almost any oth(‘r English Sovereign. 
Whole schools of conllicting historical studu's 
have been founded on the discussion as to 
whether Ifenry's rtMgn was, on the whole, a 
blessing or a curse to th(‘ peoples over whom he 
ruled and to a large portion of the world outsitle 
his own dominions. He came into pow('r at. a 
time when Europe was beginning to i)ass4hrough 
that new Renaissance of literal iin^ and art, that 
sudd(;n development of practical scienct*. those 
new ideas of politics and religion, those new 
inventions for carrying on war which changed 
the conditions of tlu* civilised world. New liclds 
of colonisation were ojjcning to Europe in Africa 
and in India ; new forms nf enterprise wcae dis- 
coveiM^d day aft(‘r day in eommorce and money- 
making ; the traditions of tlui Middle Ages Averi‘. 
fading away, and there was an eager demand for 
novelty in every domain of life. 

Most important of all these changt‘S nas tlu* 
appearance of new forms of religious faith. This 
change was making itself especially manifest in 
England, altliough it did not, at the outset, take 
anything like the d(‘linite form which it assunuMi 
at a later period of the i cign. 

Henry VlII/s marriage proved to have a great 
infliumce on the political affairs of England so 
far as England's dealings with foreign states 
were concerned. A greater, indeed, almost aji 
unbounded, influence over Henry during tlu^ 
earlier part of his reign was that of the famous 
Cardinal W'olsoy. Wolsoy, who was born in 
1471, was th(^ son of a wealthy biitclu*!* in 
Ipswich. At ^lagdalen College he obtained his 
degree so young that he was eallc<l the Boy 
Bachelor, and became master of a small 
school attached to his college. Through the 
influence of powerful friends lu* was a])pointed 
Chaplain to the Archbishof) of Canterbury, and 
later became (Chaplain to the King. After that 
his progress was rapid, and for a long time he 
held the King's favour. In 1514 ho Avas 
appointed Archbishop of York, and in 1515 he 
was made Cardinal by Po])e Leo X. 

Battle of Flodden Field. At that time 
the Pope was still an important figure in tlu^ 
temporal as well as in the spiritual alTairs of 
Euro|x*, and was then engaged in forming the 
Holy League with Spain for the purpose of 
coimtcracting the grooving power of France 
under Louis XII. Henry VIII. joined the 
Holy Ix'ague against France, and in 15111 he 
conducted an invasion into France in co- 
0 }K?ration Avith the German King Maximilian, 
where he Avon the bloodless Battle of the Spurs 
and captured several important positions. Dur- 
ing Henry’s absence from England a great 
victory was Avon for his crown over the Scots 
under James IV. James, who had taken the 
side of the French Sovereign against England, 
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crossed Avith his army into Northumlierland, 
Avhere he cncounfcrod the Earl of Surrey at the 
memorable Battle of Flodden Field on Septemlx'r 
19th, 1513. The victory Avas complete for the 
English with comparatively small loss, Avhile 
James was kilkxl on the battlefield Avith a large 
numlx'r of his most distinguished nobles, and, it 
is said, some 10,000 of his soldiers. 

King and Cardinal. Wolsey took a 
A-ery important part in the guidance of Henry’s 
movements in all this Avarlike policy. The 
Sovereign and the Cardinal had the same purpose 
at heart — that of holding the balance betwec'ii 
France? and S 2 )ain. prcA'cnting the one from ob- 
taining a mastery oA’cr the other, and thus making 
England, in a c(Mtain sc'iise, the* ruling poAver 
ovrv both. Such a policy rcf|uir(‘d a constant and 
alrno-st unmeasured expenditure of money ; and 
Cardinal Wolsey Avas the chief instrument in 
obtaining, by bold systems of taxation, the 
suppliers n<‘(‘d(‘d by his Royal master. 

Wolsey took U])on himself opi*nly and osten- 
tatiously the responsibility for all this exaction ; 
and it is only just to say that his object Avas, 
AAhilc directing the king's ])olicy, to save bis 
master from public censure, and to direct all tlu? 
])(>pular indignation towards himst'lf. Later 
on, Avlicn it seemed important tliat England 
should draw closta* towards a good understanding 
with France*, Wols(‘y Avorkt'd towards that cml 
with as m\icb stat(*smanlik(' ingenuity as he had 
formerly employed to bring about a quarre*! 
Avitli that country, and he came to hold, if ])Ossible, 
a higher j)osition than before. Fn 1515 Wolsey 
Avas made Tx)rd Chanei‘Uor of England. 

Meeting on the Field of the Cloth 
of Gold. The (‘ontinent of Europe was 
during this tiire ke))t in incessant suspense 
by the rivalry betAveen Fiancis 1. of Fraiux*, 
and Charl('s V., Emperor of Germany. C3uulcs 
inherited from his father the sov(‘rcignty of the 
Loav Countries and of Burgundy, and the 
siieeession to the Imperial throne ; and from 
lus mother, daught(‘r of F(‘rdinand and Isabella, 
)u? Avas entitled to the rnlership of Spain, of 
Naj[)!(*s, and of tin* Spanish possessions in South 
America, wh(*n? Spain had already secured a 
large territory. Francis maintained that Bur- 
gundy belonged to his dominions and not to 
any stranger, and he further claimed the Duchy 
of Milan and the territory of Flanders. Both 
monarehs Avished for the support of England, 
(’harles V. Aosited (Canterbury to confer with 
Henry VIII., and Francis I. arrtinged the famous 
meeting on the i)lain of Ardres, known as the 
Field of the Cloth of Gold. 

The frequent Avars of those times left the 
ownenshi}) of this or that European territory a 
source of constant dispute. There was. no 
distinct and recognised France or Germany, 
Italy or Spain as these are marked out and ac- 
knoAvlcdged in modern EurojK*. The Emperor 
of Germany was sometimes also the ruler of 
Spain, while the King of England claimed to be^ 
the lord of a large part of jrance. At length, 
one chapter of the struggle between Charles V. 
and Francis I. ended, for the time, in the complete 
defeat and capture of Francis at the Battle 



of Pavia, in 1525. Then it became the policy of 
Henry VITI. and of Wolsey to take the opposite 
side. The power gained by the Emperor seemed 
to Henry to threaten the position of England as 
the power of France had appeared to tlircaten 
it before ; and he and Wolsey belicivcd it to bo 
for the advantage of England to enter into .an 
alliance with the King of France. 

But, in the meantime, great movenK'nts 
were taking place throughout the Continent 
which had nothing to do directly with w,ar or 
with political parties, but which brought about a 
revolution in human thought greater than any 
that had been wrought in the thoughts and the 
lives of men during all recent generations. It 
has been well said that every revolution, however 
great and powTrful, is at first a thought in the 
mind of one man ; and this may be said of the 
revolution then about to take place among the 
peoples of Europe. 

Martin Luther. Luther, who was born 
at Eisleben, in Germany, on November lOlh, 
14-83, belonged by birth to the working classes, 
and was the son of a German miner. Even in 
those days there was in (Germany ample oppor- 
tunity for youths of the poorer classes to obtain 
a good education ; and Luther, after some study 
in the public schools, entered one of the univer- 
sities and took his degree. He had from his 
earliest years a strong inclination for a spiritual 
life, had been a close student of the Scriptures, 
and spent three years in a monastic institution. 
He was ordained a priest in 1507, and won 
success as a preacher. Then he was sent to Rome, 
and with his stay there began that, change 
in his religious views which led to such impor- 
toit events in the history of the w'orld. His 
opposition to the doctrines of the Church of 
Rome began w itli his objection to the principle 
that the P(^pe .and the Ghureh h.atl a spiritual 
right to grant what w^re called Indulgences 
to members of the ('hurch. He returned to 
Germany, and there became, by his wTiling and 
preaching, an effective advocate of his own 
doctrines, and soon exercised a wide influence 
over the public opinion, not only of his own 
country, but of other European stales as well. 
The longer the controversy went on the farther 
Luther found himself drawn away from his 
earlier faith; and before long he became an 
uncompromising opponent of the Cliurch of 
Rome as the spiritual guide of Christianity. 

“Defender of the Faith.” There is no 
need to enter into the great religious controversy 
which divides the Christian w orld up to the present 
day. Its immediate effect upon the history of 
England is the most imi)ortant subject of study in 
the story of Henry VlU.’s reign. Some of Luther’s 
publications reached England, aroused much 
attention there, and had the immediate effect of 
provoking Henry VI 11. into authorship and 
religious controversy. The King published a 
book as a reply to Luther’s doctrine ; and this 
reply found such a w'elcomc in Rome that 
Pope Leo X. conferred upon the King the 
title of “ Defender of the Faith,” a title which 
was» borne by Henry’s successors long after 


HISTORY 

the English crowm had ceased to be worn l>y 
members of the Church of Romo. The King w'as 
understood to have hQon very proud of the success 
of his “ Assertion of th(‘ Severn Sacraments.” 

Luther’s publications met with much more 
success in Gcrm.any than in England, wfliero, 
for the time, the leading force of influential 
public opinion seemed to go with tlu^ King. 
Luther’s books were publicly burnt in St. Paul's 
by order of the Church authorities of England, 
and law'S wa're put in force for the j>r<>Kecul ion of 
any person w ho should take part in the ])romotion 
of tile heretical doc-trinos. Luther’s teaching 
was, how'(‘vcr, spreading w idely throughout Ger- 
many and over many parts of the Continent, and 
soon came to have a great effect on the minds 
of many of the thinkers and h^achers of England. 
Th(^ whole religious controversy w^as much mixed 
up w'ith the important poiiticail question as 
to the right of the Pope to any manner of control 
over the St.atc affairs of countries outside his 
jurisdiction .as a ruler. Henry VIII. came 
at last to identify himself thoroughly with the 
rejection of the Pa.j)al supremacy in religion, 
as well as in politics, and the bulk of English 
jmblic oj)inion w^ent with him. He suppressed 
most of the monastcTies in England ; .and when 
uprisings took place in defence of thi*m, he made 
that a reason for the suppression of all the other 
monastcrit‘s, an<l for the transference of their 
revenues to the (Vown. 

The Marriages of Henry VIII. The 
story of Henry’s various marriages is not an 
edifying part of his reign. Henry insisted on 
ol)t.aining a divorce from his w'ife, Catharine of 
Aragon, on the ground that the marriage was 
unnatural, as Catharine had actually bet^n mar- 
ried to Ills elder brother just before? his death. 
As the Pope was unwilling to assist tlie King to 
dissolve the marriages Henry acte‘el inelependently 
of the Papal authority, and married Anno Boleyn, 
a UK'mher e>f the ducal house? eif Norfolk. H(?nry 
ap|x*ars tei have fallen in love with Anno Bole*yn, 
but his affection diet not last long, few’ three? years 
after the marriage he chargeel his wufe with 
infidelity, and e>n that .accusation she? w^as put to 
ele?ath in 153(>. riu? day hofore? her execution, 
Henry married Jane Soyme)ur, who died soon 
after, leaving a son, who U'came Henry’s suc- 
cessor, Edward VT. 

The King was quite ready for a new marriage, 
and chose Anne of Cloves as his fourth wife. 
This was ne)t a marriage of affection, but one 
pressed upon Henry by se)me of those are)und him, 
on the ground that as slu? was a German and 
laitherun priiu'ess his marriage with her might 
secure for England the support of the Protestant 
soverc?ign8 and states of Germany. Henry ac- ’ 
cepted the union reluctantly, and wdthiii six 
months ho obtained a legal decree declaring the 
marricage null and void. Fie tJien married Catha- 
rine How’ard, another niece of the Duke of 
Norfolk ; and before two years she underwent, 
too, the same accusation as that which had been 
brought against Anne Boleyn, and met with the 
like death penalty. The King then married his 
sixth wife, Catharine Parr, who outlived him. 
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GrouD 16 

FOOD SUPPLY SUGAR & THE SUGAR CANE 

5 Properties and Uses of Saccharose, Lactose, Glucose, and Levulose. 

„ , Propagation and Cultivation of the Sugar Cane. Its Yield and Composition 

Continued from r o o r 


'T’HE ttani ,sitr/ar was fornicrly used 1o convey 82 per cent, of sugar can be taken up in a boiling 

^ the idea of svr<*etness, and applied to })roduct« solution. I f a strong solution of sugar be slowly 

of both the vegetable and the mineral kingdoms. evaporated crystals are obtained which, if 

'The term “ sugar of load ’ is a stirvival of this allowetl to deposit on string, form augar candy. 

early usage. The word is now conlined to those Sugar is only slightly soluble in alcohol, and not 

sweet substances which are found in the juices at all in ether. Wlum sugar is heated it melts, 

of plants, (.'hemically, sugar is elass(‘d Avith the and if then allowed to stand till cold yields 

carbohydrates, and tlu^ A’arious kinds of sugar what is known as barley sugar. By combining 

may thus be divided : butter and fl.aA"ouring matter with melted sugar 

1. Sacchai'ose. or cane sugar ; the familiar butterscotch is produced. If 

2. Lac^tose, or milk sugar ; strongly heat(*d, sugiir darkens and gives a 

.‘k Glucose, or grape sugar ; coloured product known as burnt sugar, or 

4. Levulose, or fruit sugar. caramel. If the heat be eontiniu'd and imu'eased. 

Saccharose. Saccharose, tlie most im- vai)ours and combustible gases are given 

])ortant sugar, is A’crv widely distributed through- black mass of charcoal remains behind, 

out the vegetable kingdt)m. The chief sources Sugar combiru's with lime to iovm a sucrate, the 

are the sugar cane, the sugar beet, palm, iua])l<*, reaction forming the basis of an iinportant 

sorghum, and mai/.c. It is als<A found in notice- method of purifying sugar juices. Strontia, 

able quant it i(‘s in carrots, madder- root, almonds, baryt a, and lead com])()unds can be formed in 

walnuts, barley, <‘offee beans, the sa]A of th<^ hhe manner. 

lime, birch, and sycamore, nu'squ it pods, melons. The Difference between Cane and 
and the nectar of flowers. It has Ikmui estiruated Beet Sugar. Gam^ sugar turns a ray of 

that it Avould retpiire the needar of five and a half ])olarised light to the right, and has no reducing 

millions of red clover lloAVcrs to produce a ])OAA'er on an alkaline sulphate of copper solution, 

kilogram of sugar; hut, on the other hand, mesquit These prox^erties are made use of in sugar 

pods have been found to contain 21) per cenL analysis, and are^ exx:>lained later. VVlieii sugar is 

of cane sugar. ' Avarmed \Adth sulphuric acid a black mass is 

Sources of Sugar. The coloured plate obtained. Sugar mixed Avitli chlorate of potash 

facing page ;U)49 leprescnts the chief plants forms what is luiown as “ Avhitc gunpowder,” 

of the vegetahN* kingdom froru Avhieh sugar takes tire if touched with sulxdiurie acid, 

is obtained on a C(Ammereial scale. Fig. A is When rubbed Avith lead oxide sugar takes lire, 

a picture of the .sugarcane, formerly the only The question is oftcui asked; What is the 

source of sugar. It belongs to the grass order ditferenco between beet and cane sugar ? The 

and is distinguished by its knotty stem. The ansAver is that s\igars from any source are 

Avhole jdaiit is 8 ft. to 12 ft. in height. Figs. B, indistinguishable if equally piiritied. Impure 

C, D, EshoAV the chief varieties of the sugar cane hct*t sugar has a very disagreeable odour, but 

and illustrate the characteristic features of the smdi a product Avould not fetch a good jTrice 

stems of (B) the Bourbon, (0) Black Taniia, in the market it is obviously to ihv. advantage 

(D) Striped Bamboo, and (K) Lahaina. ^’he of the manufacturer to thoroughly purify his 

sugar beet shown in F, G, H, and J is the Iw'ot sugar. An expert Avith a keen sense of 

chief source of sugar in Fairopc. Fig. F shows smell could x^^obably detect the ditferenco 

the ax^xicarance of the beet Avhen groAving, G is between x>urilied beet and cane sugar ; but even 

an improved variety of la’ct, II is the white exx)erts make mistake's. The method is to put 

Silesian variety, while J .sIioavs the beetroot in f*^w lumx>s of (‘a<*h in dean AAude-rnouthed 
section. Fig. K is sorghum, an»)thor source of stox)X)cred bottles and let them remain for a 

sugar, L being the Early Am l)f*r cane, M a hybrid, ^fuy. On coming in from the fresh air and 

and N the Liberian variety of .sorghum. Fig. O smelling each bottle it is sometimes x^ossihle 

is a scene in a forest of maple during the season to detect a ditferenoe. There is a slight 

of the f^ollection of maxde juice in Canada ; this cliffert'nce in the amount of ash yielded by the 

juice is afterwards boiled down to a thick syrup two and also a chemical difference in the con- 

for household use, one of the methods being stituents. Beet sugar does not contain iron, as 
shown in P. Fig. Q is a familiar scene in is sometimes erroneously stated. 

India ; it represents the manner in which the Uses of Saccharose. Sugar is a cheax) 

juice of the date x^alm is obtained. This juice and economical, food, although looked upon 

when evaporated yields; sugai’ of good flavour. generally as merely a flavouring agent. It is 

Properties of Saccharose. Cane an anti -putrescent, and on this account is used 

sugar is a crystalline solid freely soluble in for preserving fruit. Sugar either per ^ or as jam 

water, a cold, saturated solution containing is recognised as a soldier’s ration, and the cpider 

over 65 per cent, of sugar, while as much as forms are much used as a valuable fodder for 
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cattle. Sugar is the source of alcohol in wines 
and beer, although cane sugar is not itself 
directly fermentable, but has to go through an 
intermediate stage before being acted upon hv 
yeast. ‘ ^ 

Lactose, or MilR Sugars This is 
the sugar found in the milk of mammals. 
Boucharchit states that it occurs also in the 
juice of the sapota tree, but this needs confirma- 
tion. Milk sugar is not so soluble in water tw 
cane sugar, and its taste is much less sweet. 
When heated, milk sugar becomes yellow and 
then changes to brown ; it reduces an alkaline 
sulphate of copper solution. When fermented 
with a yeast -like body milk sugar yields a 
drink called bnmtsi. Large quantities of 
lactose are used for infants’ and invalids’ food 
and also in the preparation of nuidicines. 

Glucose. (dueose exists in grapes and 
honey. Small quantities exist in the animal 
body, the disease known as diabetes being cha- 
racteri.sed by an excessive secretion of glucose. 
On a inaniifaoturing scale glucose i.s prepared 
by acting on starch with a dilute acid. (du<‘osc 
dissolves in water, hut is only about half as 
sweet as cane sugar. It is readily fermentable, 
and yields 48*67 per cent, of alcohol. Glucose 
is used in the brewing of be<ir, the manu- 
facture of eonfeetionery and jams, and in calico 
printing. 

Levulose. Levulose exists in honey (with 
glucose) and ripe fruits. It is also contain(‘d 
to the extent of 50 per cent, in inim't sugar — ■ 
the product of the action of dilute acid on sugar. 
Levulose turns a ray of polarised light to the 
left. Invert sugar i.s of considerable import- 
ance in the brewing industry. 

The Cane. The sugar cane is a huge 
grass with a knotty stem (1). It belongs to the 
natural order (iramimce(p, and is known 
botanically as Sarrharum of/kimrum. The 
sugar cane is a nativ(‘ of India or of the most 
southern parts of Asia, whence it has spread to 
every tropical or semi-tropical country in the 
w'orld. The Spaniards probably introduced 
the sugar cane into the We.st Indies and the 
American continent. 

History of Sugar. Early writers, sucli as 
Herodotus, Theophrastus, and Seneca, were 
acquainted with sugar, Imt not till the Christian 
era do the references Injcome cU'ar, The 
cultivation of the sugar oano was well under- 
stood in Arabia and Spain from the earliest 
times, but the medicinal use of sugar was the 
object of the cultivation. During the Middle 
Ages England, in common with the rest of 
Northern Europe, w'as supplied with sugar 
from the Mediterranean, it being imported from 
Alexandria to Venice and thence to London. 
The average price of sugar in A.n. 1300 was 
Is. per lb., and 100 years afterwards it was 
Is. 7d. per lb. In 1353, John of France ordered 
that the apothecaries of Paris should not substi- 
tute honey for sugar in confections. As travelling 
became more general, the cultivation of the sugar 
cane spread, being introduced into Madeira in 
142^, Domingo in 1494, the Canary Islands in 
1503, Mexico in 1520, Martinique in 1650, 
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Mauritius in 1750, and Australia in 1852. 'Die 
cultivation of the sugar cane in Egypt almost 
l^camo extinct, but of late years the Egyptian 
Government have made determined e)fdrt.s to 
revive the manufacture of sugar. Factories on a 
seientitie basis have Wii equipjied, and the 
e.v|>eriments have turned out successful, qiie 
tlisoovery of boot sugar by Marggraf, of Hcriin, 
in 1747, is referred to later on, the import a mv 
of the discovery being only apparent in reei'nt 
years, when incu’oasing cultivation of sugar beet 
has convulsed the cane sug.ar industry so mueii 
that int(^mational commereial agreements have 
had to be entert'd into to prevent th<^ ruin of llie 
sugar cane planters in tlie British possessions. 

Treacle. The^ dark syrup known as treacle, 
is a residuum in the manufacture of sugar, and 
it is a puzzle to etymologists to account for the 
transf<‘rence of the name of a medicinal con- 
fection to a domestic, article like treacle. The 
transference has taken place within the last 200 
years. It is curious to note tliat tlie medicinal 
reputation of sugar and treacle has quite 
dwindkxl away. Sugar, it is true, is used in 
medicinal syrups, but only as a preservative 
or llavouring agent, while treacle has betui 
replaced, even in tin*, delectable brimstone and 
treacle, by tin* more retined gokkui syrup, whieli, 
however. Jacks the slightest susj>ieion of the 
laxative action po.ssessed by the old-fashioned 
treacle. 

Varieties. There art* many varieties of 
sugar cane known, the principal on<^s lieing 
the Mauritius, the Laina, the Otaheite, the 
Bourbon, the Ribbon, tlie Java, the Ghina, 
the Singajiore, the Indian, 
and ( Vistalline. Some of 
thest* are probably distinct 
species, such a.s the (’hina 
sugar caiic ; the others 
differ from each other in 
the colour and hairiness of 
the stem. Some varieties 
arc prcferri'd in certain 
situations, the Cristalline 
cane, for (‘xample, having 
a r(‘putcation as a disease 
resister in tlie French West 
Indies. The Bourbon cane 
was originally introduced 
into the West Indies from 
the Isle of Bourbon. 'Dio 
varieties most in request 
are long-jointed canes, the 
knaves from which arc 
readily detached from the st<‘m as they die. As 
a rule, liowevcr, it may he. taken for granted that 
each country has produced a special variety of 
cano .suited to its climate and soil. 

The sugar cane grows in a wide range of climatic 
conditions, but flourishes best in high latitudes 
on account of the greater length of the days. 
Proximity to large bodies of water is favourable 
because the plants obtain the rays of light re- 
flected from the surface of the water in addition 
lo the direct rays of the sun. Light is essential 
to the storage of sugar by plants, the erect habit 
of the sugar cane having an important influence 
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in obtaining the maxiimim of sunlight. Frost 
is harmful to the sugar cano. 

What the Cane is Like. The sugar oane 
is perennial, and produces a stem S ft. to 12ft. 
high and lin. to 2 in. thick, while there are from 
4(1 to 00 joints. The leav(^s arc produced at the 
joints, and are 4 ft. to 5 ft. long and 2 in. \vid(‘. 
As the canes grow the lower !(‘av(^s dry uj), 
fall off and arc removed, th(‘ process being known 
as trashing. 4'he sugar eaiic needs a fertile soil, 
clay and sandy soils being unsuitable. In 
French (luiana the only reniuiKTalive cultivation 
of the sugar eane is on low lands that are periodi- 
cally manured by Hooding with water from which 
black mud is d(‘posited. In (qiiic(‘nslaml land 
of virgin soil is prepanid by light ploughing 
to get rid of grass. I'lie ground is then i)lough(*<l 
llin. to 10 in. dei'p, and worked with the ha? row 
end roller to ensure siiHiei(‘nt soft mould for the 
plant. 

Propagation. The sugar cane is pro- 
pagated from cuttings or seed, but usually by 
the: former mctlvod, seed being only used for 
obtaining now varieties. 'J’he cuttings may 
be cither fiom the top or from the body of 
the cane, and n'ceiit experimental work in the 
Mauritius seems to indicate that the to]>s are 
preferable. If tops b«' used the leaves should be 
stripped from two or three buds so that (bey can 
eoine into immediate contact with the soil. 
If plant cams b<‘ used they should be out into 
lengths of three buds each, care Innng taken not 
to injure the buds. The- plants are then ])laced 
in drills at a dislama^ of about 8 ft. from centre 
to centre. 4’li(! ean<‘s are placed hori/ontally and 
with the buds pointing one way ; I in. to 1.^ in. 
of mould above the cutting is quite suf1iei(‘nt, 
since it w'ill grow more rai)idly than if planted 
deeper. Aft(‘r a f(‘w days, according. to the 
weather, rootlets will spring from the joint 
surrounding the bud, and in from 10 to 21 days 
the buds will appear above the ground. 

Cultivation. All the cultivation afterwards 
required will h(r to keep the ground open and 
clear of weeds as long as the horse- hoe can he 
used, after Avhieh the ground can be left until 
crushing season, (fitting of the eaiic is effected 
in several ways — some are cut with a knife, the 
caiKj biung trimmed and top])ed while in the 
hand, wliilo others arc cut with a sharp hoe, the 
trimming and topping being done by another 
group of labourers. Wlien tlie cane is light upon 
the ground or stands erect the former mode seems 
]}referahle, but whore tlic crop is very heavy the 
latter method is used. In cither case care 
should be taken to cut ilie cane close to the 
ground, as the ratoon (the came which springs up 
from the stump) will rise from the highest bud 
on the cane root left, and if this be not below the 
surface support against the wind for the young 
cane will he lacking. The practice of different 
plantations varies in regard to replanting or 
growing from ratoons, for although cane will 
retain and yield crops for several years without 
replanting, ratoon crops are not so heavy as 

E lant cane. The labour supply is a factor that 
as to be taken into account in this connection. 


Manures. We now come to consider the 
various manures that arc necessary. Phos- 
phatic manures give considerable and very 
remunerative increase when used together with 
manures containing nitrogen ami potash. 
Phosphate* slag seems to be an excellent source 
of phosphorus h)r cane plantations, and ought to 
replaces superpho.sphate. Nitrogen in tlie form 
of sulphate of ammonia, nitrate of soda, and 
dried blood shows a favourable influence on 
the yield. best results obtained by the 

authorities of the Botanical (Jardems of Britisli 
fhiiana vve^re obtained with a mixture of one- 
third nitrate^ of soda and two-thirds sulphate of 
ammonia, .although for large quantitic's sulphate 
of ammonia gives a better pecuniary result. 
Dried blood was notably inferior. Potash 
s(‘(‘ms to b(^ of only small eflieacy. The em- 
ployment of sulphate of potash on land not 
limed gave .a slight benefit, but a loss on limed 
soils, 'riie use of soda did not furnish satis- 
factory r(‘siilts. The tunployment of lime gave 
great increase of yield, the effect on the first 
crop being sufficient to pay the cost of its appli- 
cation, while the increase in the shoots con- 
stituted a net gain. 

Diseases of the Cane. The eane is 
snbj(‘ct to a vari(‘ty of animal and vegetable 
])esls. Ill the first category are included rats. 
Thcsi* arc kept down by poison or tlu^ use of 
Daiiys/. virus. 'L’he- mongoose wras introduced 
into Jamaica to kill the rats, but iillimately 
became as great a pest as the rats. Among 
insects the moth-boier is prevalent, and Is 
only got rid of by systematically collecting the 
moth and destroying the diseased can(*s by fire. 
S(5veral other borers are known, some- of the 
pests nijiking special attacks on the roots of the 
eane. Spraying with iiaraflin emulsion is re- 
commended for destroying some of the ‘small 
insects. Vegetable or fungoid p(‘sts, such as red 
smut, top rot. serch, ananas, and gumming 
disease, attack the leaf and stem. The remedies 
are to choose canes knowui to be disease resistant, 
to correct errors of cult iva.t ion, and to destroy 
all affected canes by binning. Rotation of 
crops and green manuring are also suggCvSted 
as a means of combating fungoid diseases. 

Yield and Composition. The weight 
of crop varies very much, from 70 to 80 tons 
having lieen taken from rich scrub lands in 
North Queensland. A fair average is 25 to 40 
tons per acre, and with modern appliances and 
methods a ton of sugar is somotimi's made from 
little more than 10 tons of cane. 

Th(‘re is 16 to 18 per cent, of sugar present in 
the sugar cane and about 70 per cent, of water. 
The sugar is distributed irregularly throughout 
the cane, the joints and the low'cr end being 
poorer in sugar than the higher parts of the stem. 
The softer parts of the cane contain the purest 
and richest juice, there being altogether about 
88 per cent, of juice in the cane. The juice con- 
tains about 18 per cent, of sugar, the rest being 
water and a small proportion of mucilaginous, 
resinous, fatty and albuminous matters, and 
mineral salts. < 
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A SHORT DICTIONARY OF TERMS USED IN SUGAR-MAKING 


ANIMAL CHARCOAL, or CHAR— 

Charcoal made from bones and 
used for decolourisinfl; sugar. 

BAQASSB — Refuse cane after the 
Juioe has been extracted. 

Basket Sugrar — A small-grained sugar 
sold In the Btraits Settlement. 

Battery — A row of evaporating pans as 
used in the Jamaica sugar-industry. 

Black-strap — Refuse molasses. 

Blow-up — The pan in which sugar is 
dissolved or melted In sugar rellning. 

Bull*s-eye — The sight-hole of a vacuum 
pan. 

CARAMEL — Burnt sugar used as a 
colouring agent. 

Carbohydrates — Scientific term for 
the group of organic bodies to which 
sugar belongs. 

Carbonatation, or Carbonatlon — 

The i^rocess of saturating limed beet- 
juice or cane-juice witli carbonic 
acid gas. 

Chancara — A small-grained sugar sold 
locally In Mexico. 

Char Cistern — l4arge tank tilled witli 
animal charcoal. 

Clairce — French term for a saturated 
solution of pure sugar. 

Clarification —The process of purify- 
ing raw jiioe by heat and lime. 

Clayinur — 'Jhe process of driving out 
the colour of a sugar-loaf by damp 
clay or rag. 

Cleare — Bright, clear syrup used In 
liquoring sugar. 

Coffee Sugrar— An especially pure, 
refined sugar. 

Conoretor — ^An evaix)rating apparatus 
for cane juice. 

Conveyor Cylinder— The large rotat- 
ing cylinder of a Hersey granulator. 

Copper Wall — Battery of open pans 
used for concentrating canc julee. 

Corn Syrup —Glucose in a Ihiuid state 
made from maize. 

Cosettes— French term for beotrejot 
slices. 

Crystallisation — The property wliieh 
many bodies have of assuming 
definite solid forms out of n saturated 
solution. 

Crystallisation In Motion— The name 
applied to the method of crystallising 
the massecuitc by keeping it moving 
fiuring cooling. 

Cube Sugrar — Sugar moulded into ilie 
form of a cube. 

Curingr — Cleausing sugar crystals by 
washing and draining. 

Cush-cush — Name given In Guiana to 
the Impurities in the juice from 
crushed 8\igar-cane. 

Cut — The technical expression for 
half -emptying the vacuum pan 
w'hen discharging massecuite. 


DATE HONEY — A name sometimes 
applied to palm sugar. 

Defecation— The process of removing, 
by heat and lime, the fecular matter 
from raw juice. 

Defibrator— A mill that pulps the 


sugar-cane. 

Demerara Sugrar— Sugar of a yellow 
colour, produced in the West Indian 
Islands. 

Dextrin-maltose— An unferraentable 
substance prepared by the action 
of acid on starch. 

Difftislon Process— A method used in 
beet and cane sugar manufacture 
by which the beetroot in slices, or 
the cane In small pieces Is macerated 
in hot water to soak out the sugar. 

Do-kat — The second flow of sap after 
tapping the date-sugar palm. 

DouDle— A term used in sugar boiling 
when half the charge in the pan has 
been empj^iod and fresh portions of 
syrup admitted. 

Double Carbonating— When the 
X^scess of carbonating is done twice 
on the same juice. 


Double Effect, or Eflfet — An 
evaporating apparatus consisting of 
two vacuum pans working together 
but at different internal pressures. 

Drained Sugar — Sugar from which the 
molasses has been drained in hogs- 
heads. 

FALSE GRAIN — An expression used 
In sugar boiling when small grains 
of sugar separate instead of growing 
on the larger crystals already formed. 

Film Evaporators — An apparatus 
wiiich depends on the principle of 
evaporating a thin lllni of liquid. 

First Molasses — That obtained from 
massecuite, which has liad no 
molasses added to it- 

Flrst Sugar — Massecuite after treat- 
ment in the centrifugal maoliine. 

First Throwing — Refined sugar i)uri- 
fled in a centrifugal machine. 

Fruit Sugar — Levulosc. 

QA8ED — The process of passing 
sulpluirous acid gas through raw 
juice. 

Glucose — Dextrose, or grape sugar. 

Golden Syrup— The finer kind of 
treacle. 

Grain The small crystals of sugar 
that form when syrup is being 
concentrat-ed in a vacuum pan. 

Green Syrup — The syrup that drains 
from sugar-loaves in the mould. 

Grocery Sugar — Moist brown sugar. 

Guarapo-'Raw liquor treated with 
lime, but not >'ct concentrated. 

HEATER — The vessel into which the 
massecuite is received when dis- 
charged from the vacuum i)an. 

Hydro Extractors — Auotlieruame for 
centrifugal machines. 

INVERT, or INVERTED SUGAR - 

Sugar the behaviour of whicliin file 
IKilariscopo has been ebaiigcd from 
light to left. 

JAGGERY — A raw' sugar produced 
in India, obtained from the palm. 

Jarra— The third flow' of sap after 
tapping the date-sngar palm. 

Jiran — The first flow of sap resulting 
from tapping the date-sugar palm. 

LALVO 8ACHARRUM— Invert sugar 
used as a malt adjunct in brewiii!;. 

Levuloso — Fruit sugar. 

Liming -The process of aiidlng lime 
to raw juice. 

MACERATION— Tile process of soak- 
ing beet slices or cane in hot water 
to extract the sugar. 

Maize Sugar— Sugar* obtained from 
the stalks of zea mays. 

Maple Sugar — Sugar made from the 
sap of the maple tree. 

Massecuite — The finished mass of 
sugar crystals and sj'rui) formed on 
concentrating syrup in a vacuum p.in. 

Megass — Fane after it has been pressed 
in the cane mill. 

Melting — The term for dissolving 
sugar in w'ater. 

Molasses — A drained syrup from w'hich 
sugar no longer crystallises on boiling. 

Monte-jus— A pump for raising juice. 

Multiple Effect, or Elfet — An appa- 
ratus for evaporating syrup in which 
two or more vacuum pans, working 
at different pressures, are employed. 

Muscovado— Raw sugar from whicli 
the molasses has been drained in 
tubs. 

PANELA— A small-grained sugar sold 
locally In Central America. 

Pllg.--Fr«nch term for white powdered 
sugar. 

Premier Jet Sugar— Sugar purified 
in a centrifugal machine. 


Proofstlck — An instrument for with- 
draw'ing a sample of the contents 
of the vacuum pan. 

RATOONS-'-Thc second crop of oanea 
from one planting. 

Raw Sugar - Unrefined massecuite 
after treatment in the centrifugal 
machine. 

Refined Sugar— The finer qualities of 
sugar maniifaetiired from raw sugar 
at central refineries. 

Rendement — The net amount of 
crystal sugar ohtninnble from a 
given sample of raw sugar. 

Revivification — Process of renewing 
animal charcoal that lias become 
exhausted as a dccolouriser of sugar. 

8ACCHARINE — Invert sugar, also 
applied to a sweetening agent ol>- 
tained from coal-tar. 

Saccharl meter — An optical instru- 
ment for measuring the amount of 
sugar in solution. 

Shaker — Indian term for cane sugar 
clarified by alkalies. 

Schnitzel — German name for beet 
slices. 

Second Molasses — That wbicli drains 
from massecuite that has had 
imfiassea boiled with it. 

Seeding — Grain sugar added to the 
vacuum pan to start crystallisation. 

Selecting — Process of improving the 
quality of beetroot, by always using 
only tho best plants. 

Semoule— French term for grain sugar. 

Silo — Storing place for beetroots [see 
Agriculture, page 1970]. 

Sling-- “Name given fo the concentrated 
syrup in the striking teach. 

Starch Sugar — Glucose, or dextrose. 
Steaming Out— Process of washing 
out hogslieads with steam, t>o remove 
adhering sugar. 

Stirred Sugar —Prepared by evapo- 
rating syrup, and stirring until a 
dry. crumbly mass remains. 

Striking Pan, or Teach— The end of 
a series of pans, in which the more 
concentrated liquor collects. 

Sucrose -Fane or beet sugar. 

Sugaring OfT— The process and season 
for tapping maple trees. 

Sweet waters — Waters containing 
small quantities of sugar. 

TATHE8 or TAYCHE8— The pans 
{»f the copper wall. 

Taylor Filter— A filter in which a 
large, number of long filter hugs arc 
cmiloyed. 

Teaches — The pans of the copper wall. 

Tempering — The operation of adding 
lime to raw juice. 

Third Molasses — The molasses drained 
from vacuum pan molasses sugar. 

Trash— Dry cane leaves. 

Trashing — The operation of removing 
dry or faded leaves from the sugar- 
cane. 

Treacle - Tlic uncrystalllsable part of 
sugar produced in tlie process of 
refining sugar. 

Triple EfToct — An evaporating appar^ 
atus, eonsisfing of three vacuum pans 
w'orked together at different pressures. 

ULTRAMARINE— A blue suiwtance 
used for neutralising the yellow 
colour of refined sugar. 

VIDE-JU8 — An emptying pump. 

Vinasse — Tlie residuary liquors re- 
sulting from tlie extraction of sugar 
from inolusses. 

WHITE LIQUOR— Brigiit white syrup 
used for liquoring loaf sugar. 

Windrowing — Protecting cut canes 
from frost by a furrow. 

YELLOW CRYSTALS- -Sugar dy<>d 
to imitate Demerara sugar. 
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PROPORTIONS OF SPUR GEARS 

Single-curve Teeth. Machine-cut Gears. Diametral Pitch. The Strength of Teeth. 
The Arms, Rims, and Bosses of Spur Wheels. Gear Wheel for Electric Tramcar 


By JOSEPH W. HORNER 


Single»curve Teeth. The metliod of 
ronstruoling the involute curve of a. situjle curve 
tooth is shown in 95, whore A B is t he pitch line. 

First mark off the equidistant jioints T) E F 
(t H, and from each piu’nt draw a to tlu‘ 

circle ; then set off the distan<’e D I equal to the 
arc D E J equal to Ed, FK equal to F(\ 

G L equal to G (\ H M equal to H and a curve 
drawn through the points I J K L M will be the in- 
volute required, ft is, in eifect, a- curve formed by 
the unwinding of a cord from tlie ar(j of the c'in'U*. 

An approximation sufficit'iitly cor- . ^ 
rect for jiracth'al piirjioses is to 
strike the curve with a radius ^ ' A*- 

equal to one-fourth of the '' \ 

radius of tlie pitch circle. 

Fig. 96 shows how this ' . 

is arranged. A semi- \ ^ ^ 

<*ircle. A, is drawn ^ ^ ^ h 

on t he radius ^ ’ 

of the pitch ^ ^ ^ \ \ ; 

.•irHo.and \ \ ; I 

tTC, B, is ^ ' \ 

1 o a t. e d ^ \ v \ • 

upon it; a dotted \ \ \ \ 

circle is drawn \ \ \ 

through the point as \ \ \ \ \ 

a base circle for strik- \ \ ' *, 

ing the curves f)f the 

other teeth. Tliis eon- \ *, 

struction has, however, to \ \ 

he slightly modified when \ n \ \ 

dealing with wlieels having less \ » 

than 3() teeth. The flanks have \ \ \ 

then t o be made parallel with each \ \ \ 
other for certain distances., the ^\ \ \ \ ' 
amount of w'hieh is arbitral y, and \ \ ' \ 
depends upon the number of teeth. 

Double ■ curve Teeth. The 
relative advantages of single and doubh' 
curve teeth is a very much discussed ^ 

question, and one which is by no means 
settled. The practice in England has gg involi^te 
l)een for many years distinct ly in favour ’ curve 
of double-curve teeth, due, no doubt, to 
the wide adoption of tin? odontograph 
instrument, together with an exaggerated idea 
of the theory that single-curve teeth cause 
undue pressure upon the sliaft bearings. The 
tendency at present is to adopt the single curve 
imiversally, and this has l)een brought about 
largely by the introduction 'of machinc-cyt gears. 

When toothed gears of a very fine pitch are 
required, it has been the practice to cut the tooth 
spaces from a solid rim, in order to attain suffi- 
cient accuracy do ensure quiet running. It has 
been left to Messrs. Brown & Sharpe, of 
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America, to develop this idea, and to standardise 
the forms and proportions of machine-cut gears 
of all sizes and pitc*hes. The Brown & 8harpo 
involute gear cutters are now used regularly 
all over the world, and arc as much rccognist'd as 
a standard article as the Whitworlli and the 
Sellars screw' threads are in their sphere. Gears 
having east ti‘eth are, of course, still ividely used, 
hut for all accurate and highspeed work cut gear 
has the monopoly. 

Diametral Pitch. The basis of ealeula- 
tion for cut gears is the diametral pitch. When 
drawirig wheel teeth on paj)cr, or when con- 
structing a pattern, it is ctmvcniciit and natural 
to measure the pitch of the teeth on the cir- 
I cumfcr(‘nc(‘ of the pitch circle, and 

0_ sucli a mcasurenu'nt is termed circular 

pitch. Now, when dealing with cut 
goal’s, this method of measurement dis- 
appears. The pattern-maker is not concerned 
with the spacing of the teeth— he simjily has 
to t)rc])are a wheel blank of a certain diameter ; 
the maehini.st lias to turn the blank casting to 
the correct diameter, and the* gear-cutting 
macliinc is s(‘( to cut a certain number of t(*eth. 
(Consequently, circumferential measurements by 
rule or comt>ass ari' not requirt'd in the process 
of manufacture. Then'fort', the pitch is spoken 
of in terms of the diameter instead of the 
circumference of the wheel. 

If the circumference of a pitch circle he 
divided by the number of teeth in the wheel, 
the result will he “ circular ]utch.” In the same 
manner, if the diameter of th(‘ pitch circle he 
divided by the number of teeth, the result will 
>)e “ diamtdiT pit-eh.” I’he diametral pitch 
is the reciprocal of diamett'r fiitch. The recipro- 
cal of a number is 1 divided by that number. 
Thus, the reciprocal of 4 is because J will 
divide into 1 four times. Now' if w o take a wheel 
having 48 teeth and a pitch diameter of 12 in., 
12 

the diametoj’ pitch is -- J in., and the 

diametral pitch is 1 -r- J in. — 4. In other 
", " Tvords, diametral pitch is the numlxir of 

teeth per inch of diameter of pitch circle ; 

this idea may he a little difficult to grasp 
at first, hut the following calculations will show' 
the simplicity of ite application. 

To find the pitoh diameter of a wheel having, 
say, 94 teeth of 3 diametral pitch : Divide 
the number of teeth by the diametral pitch : 
94 

‘g — 31-33 in. = 31 in. pitch diameter. 

[See Table of Decimal Equivalents for Vulgar 
Fractions on page 3906.] 

To find the diameter of a wheel blank to 6ut, 
say, 94 t/ceth of 3 diametral pitch : Add 2 to the 



DRAWING 


number of teeth and divide by the diametral 
32 in. diameter of blank, or 


pitch: 

3 


whole diameter of wheel, aa it is sometimes termed, 
To find the diametral })iteh of a 
wheel having, say, GO t ‘t‘th, and of 
24 ill. diameter : Divitle t he number 
of teeth by the diameter of 

the pitch circle: — . \ 

24 “ ^ 

diametral pitch. 

To find tln^ dianu'tral ])itch ot a 
wheel, say, 20 Hi in. viholt' fliameter, 
and having 60 teeth: Add 2 to tlu^ 
number of teeth, and dividt* l)y the 
wheel diameter {<*()nvert to fleeiriials 

l)y table on page 3006): 

tliamelrnl pitch. 

Relation of Diametral 
Pitch to Circular Pitch. The 

relation of diametral to circular pitch is 
the relation of the diameter of a eirelt* to its 
circumference, which eiiuals 3*1416. To 
obtain tin? <*(]uivalcnt circular jiitch from «a 
diametral pitch, divide the latter into 3*1416. 
Example; Reipiired th(‘ equivalent circular 

pitch to 5 diametral pitch: 4)283 

o 

circular pitch. (’onvorsiWy, required the 
(‘quivalentdiamotral pitch to JJ in. circular 

pitch; = 2*0944 diametral piteli. 

A table is given on the next page showing 
the (‘quivalcnt eireular pitches for diametral 
pitches from 1 to 50. "J’he Brown Sharpe 
involute teeth may be set out generally as de- 
scribed for 96, the proportions being as follows : 

Height of tooth from pitch line, *3183 eireular 
pitch. Width of iootli on pitcli line, *5 eireidar 
pitch. Depth of tooth below pitch 
line, *3683 circular pitch. 

Strength of Spur Teeth. The 



rectangle; 




strength of spur-wbec'l teidJi may Ix^ ' 

calculated upon two bases ; the one by von-\ 
si(k;ring a static load to be sustained by t in? i 
tooth, and the other hy considering the \ 
horse-power to be transmitted. For slow- \ 
moving machinery, it is convenient to 4 
estimate the load which comes on the wheel 
teeth, and to assume that this load is applied 
at the point of one tooth ; t he ease is then 
treated as a simple cantilever loaded at the 
outer end. If the teeth are badly made, or 
if the wheels are not properly adjusted on 
the shafts, the load may come on one 
corner of the tooth instead of being distri- 
buted evenly across the face. Many formulas 
in use deliberately assume such to be jthe 
case in ordinary work ; but with modern 
machine-moulded or machinc-cut gears there 
IB no necessity to make such provision. The 
number of teeth in gear at the same moment 
will make a difference to the carrying 
capacity of a wheel ; with large wheels of 
fine pitch gearing together, several teeth 


will divide the load between them ; but if a 
small pinion he geared with awheel, tl)c full load 
may easily come on one tooth only. 

Properly speaking, ca(4i individual case should 
be investigated and designed accordingly. 

Having determined the 
load which Uu' tooth must 
carry, multiply that load 
by ilic full depth of tlic 
tootli for a lamdiiig mo- 
ment ; tile modulus of a 
B H- 
6 

wIk'H' B is thi; 

l)n*adth or face of 
the tootli, and H is 
the thiekness at tin; 
root : multiplying the 
modulus by the safe 
stress per sipiare incli 
gives lh(‘ mom<‘nt of 
resistance of the 

tooth, wliieb sliould 
be equal and o])posit e 
to the bending mo- 
ment. A safe stress 
' for oast iron is 3,()(M) 

lb. per square in., ami 
10, 006 lb. per squari* in. for 
cast steel. [Sec the table on 
the next page.] 

Tlic thickness at the root of 
an odontograph tooth varies 
from *4 to *6 of the circidar 
]>itch when ranging from 15 to 
60 teeth. 1’hc breadth or face of a toothed wheel 
may vary from on(‘ and a half to thn‘o tim(‘s the 
circular pitch. 

There ai’o from 40 to 50 different rules in 
existence for the calculation of the horse- 
power whicJi may lie trans- 
mitte<l by tool bed gearing, 
the majority of them 
d(‘pending upon an arbi- 
trary factor wbieh covers 
allowanees for inaccuirate 
workmanship and 
stresses due to eeri- 
trifugal action. A 
safe rul(‘ is II P 
DPFN , 

1(100 

pitch diameUa* of 
wIh ‘(;1 in inches, 
P circular pitch, 
F -- fata; of wheel 
in inches, N — speed 
of wheel in revolu- 
tions per minute. 

The Wilfred 
Lewis Formula. 

This is used largely 
in connection with 
machine-cut gear. 
It was introduced 
by Mr. Wilfred Ix'wis 
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96. MKTIIOD OP 
MARKING OUT AN 
JN VOLUTE TOOTH 



97 . THE ANGLE OP OBUQUITY 




pulley arms. For the cross arm section the 
following proiwrtions give good results : 


Thickness of rim (A) . . = *46 circular pitch 

Width of arm (B) . . = circular pitch x 2 

Depth of rib (C) . . -= circular pitch 

Thickness of arm (P) . . = *43 circular pitch 

Thickness of arm (E) = *5 circular pitch 

Tliickness of boss (F) . . - J of shaft diameter 

+ in. 

The above dimensions apply at the centre 
of the arms, the taper being about J in. per foot 
either way. The numlx'r of arms in a wheel may 
be taken as : 

Uj) to 1 ft. 6 in. diameter . . . . 4 arms 

Up to 8 ft. diameter 6 arms 

Above 8 ft. diameter 8 arms 


= *46 circular pitch 


TABLE OF DIAMETRAL AND 
CIRCULAR PITCHES. 


at Philadelphia, U.S. A., in 1893. He assumes that 
the whole load is taken upon one tooth, and that 
the tooth is a cantilever loaded at one end. 
From a consideration of various sizes of involute 
and cycloidal gears he selects the weakest cross 
section of each, and determines its relation to 
the pitch ; then from these data deduces the 
formula W r^SP FY, where W is the load 
transmitted in pounds, S is the safe working 
stress per square inch in pounds, P is the cir- 
cular pitch, F is the face of the tooth in inches, 
and y is a factor varying with the shape and 
number of teeth. The values of Y and S are 
given in the table on this page. 

It will be noticed in the table that the involute 
is given as 20'’ and l.Y" obliquity ; the angle of 
obliquity is measured between a horizontal 
line cutting the pitch circles at their point of 
contact and a line drawn perpendicular to the 
curve of the tooth, and being a tangent to the 
base circle. Fig. 97 shows the effect on the 
thickness of the tooth due to an alteration in 
the angle of obliquity ; the greater the angle 
the stronger the tooth. A 20'’ obliquity gives 
a tooth radius of about one-third the pitch 
circle radius. 

When drawing gears to be cut with Brown & 
Sharpe cutters the angle of 15" may be taken. 


Diametral 

Circular 

j Diarnotral 

Circular 

Pitch. 

Pitch. 

I Pitch. 

Pitch, 

1 

31416 

15 

■2094 

u 

2-5133 

16 

•1963 

1.V 

20944 

17 

•1848 

H 

1*7952 

18 

•1745 

2 

1*5708 

19 

•1653 


1-3963 

20 

•1571 

21 

1-2566 

23 

*1428 

2.1 

1 1424 

24 

•1309 

3 

1*0472 

26 

•1208 

H 

*8976 

28 

•1122 

4 

•7854 

30 

•1047 

5 

*6283 

32 

•0982 

6 

•5236 

34 

•0924 

7 

•4488 

36 

•0873 

8 

•3927 

38 

•0827 

9 

•3491 ! 

40 

•0785 

10 

•3142 ; 

42 

•0748 

11 

•2856 I 

44 

•0714 

12 

•2618 ! 

46 

•0683 

13 

•2417 'I 

48 

•0654 

14 

•^244 

50 

•0628 


The proportion for H arms may be taken as 
follows : 

Thickness of riiff (A) — *375 circular pitch 


Arms of Spur Wheels. These are made 
oval section [98], cross section [99], or H section 
[100]. The first-mentioned is used for compara- 
tively light machinc-cut gears, the second is used 
chiefly for gear wheels moulded from patterns, the 
third is adopted for machine-moulded wheels and 
for large and heavy gears. Frequently machine- 
cut gears are made with solid w'eb plates without 
arms. The strength of a wheel arm may be 
calculated in the same way that we dealt with 


Depth of rib (B) . . — A -f *01 pitch dia- 

meter 

Width of arm (C) . . ^ circular pitch -f *035 

pitch diameter 

Thickness of web (D) -• *375 circular pitch 

Thickness of flange ( K) -■ J of breadth of tooth 
Thickness of boss (F) = J of shaft diameter -P 

iin. 

The remarks concerning the tajier and the 
number of arms for cross section arms apply 
equally to H arms. 
It will be noticed that 
in the cross and H 
section arms that the 
face of the wheel is 
slightly wider than the 
width of the arms, this 
giving a bettey ap- 
pearance to the wheel 
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than if both were flush, and in the case of 
machine-cut gear it facilitates the machining 
of the sides. 

Cast gears are frequently shrouded up to the 
pitch circle as 101, full "shrouded as 102, or 
shrouded partially, or wholly on onci side only ; 
this adds from 20 to 50 per cent. to . the strength 
of the gear. A common device is to shroud a 
pinion, but not the wheel it gears with, this being 
done to compensate for the unecpial strength 
of the teeth at their roots. 1"he thieknc‘ss 
of the shroud may be one-third of the ('ircular 
pitch. 

Split Gears. 8ometim(‘s gear wheels arc 
m^Kle in halves for convenience of renewal. 
A typical example is given in 103, which repn‘- 
sents a working drawing of a wp/// tr/ttrl 

for an electric tramcar axl(‘. Jt is necessary 
both for raiUvay and tramway rolling stock 
to force the running wheels ii]>ou the axk‘s 
with sufficient pressure to ensun* their rigidity 
wlu'ii n(‘gotiatiug a 
curve at high speed, 
for if a wheel then 
slipped sidt'ways ufum 
its axle the vehicle 
would be instantly 
derailed. Now, when 
the wheels are so 
s(‘curely fastened to an 
axle, it is very impor- 
tant that anything 
between them shall be 

101 . HALF suKOunED removable without 

disturbing them, and 
hen(‘e tlu* dividing of 
the driving spur, 
which is keyed to th(‘ 
axle between the two 
running wheels. 

Looking at the 
drawing 103, it will he 
notice(l that a groov<' 
is planed across the 
joint of one lialf to 
receive a register 
formed on the other 

102. FULL SHROUDED half. Tliis rt'lieves the 

TOOTH bolts from shearing 

forces while the teeth 
are being cut, and also from side pressures should 
they occur when running. Note? the section cut 
on A B joined by a diagonal line for the con- 
venience of showing two sections not strictly 
in the same plane. In wheels of this naturo 
it is necessary to see that they contain an even 
number of teeth, so as to divide properly without 
parting a tooth at the joint. There is no necessity 
to show all the teeth on the drawing. In the 
data given on tho drawing for cutting the 
teeth j 3 P of course means diametral pitch, 
whilst the reference to No. 2 B and S cutU^r 
means a Brown & Sharpe cutter No. 2. These 
cutters are made in numbers as follows : 

N^o. 1 will cut wheels from 135 teeth to a rack, 
inclusive. 

No! 2 will cut wheels from 55 teeth to 134 
teeth, inclusive. 


DRAWING 

No. 3 will cut wheels from 35 teeth to 54 
tec'lh, inclusive. 

No. 4 will cut wheels from 26 t('eth to 34 
teeth, inclusive. 

No. 5 will cut whe(;ls from 21 teeth to 25 teeth, 
inclusive. 





No. 0 will cut wheels from 17 teeth to 20 
teeth, inclusive. 

No. 7 will cut wheels from 14 teeth to 16 
teeth, inclusive. 
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No. 8 will cut wheels from 12 teeth to 13 steeh phosphor bronze, raw hide, etc. The 

teeth, inclusive. construction of raw hide gears is dealt 

There are thus eight cutters required in order with in the next lesson together with helical 

to cut a full range of teeth for any one pitch, teeth, mortise cogs, racks, bevils, screw gears, 

It takes eight cutters to cut all involute 4-P gears worms, etc. 

having 12 teeth and over ; it takes eight other Speeds of Wheels. The relative speeds 

cutters to cut all gears of .5-P having 12 teeth and of gear wheels may be calculated in the same way 

over, and so forth, each separate pitch requiring as we did with belt pulleys by using the pitch 

its own set of cutters. circle diameters, except that there is no loss due 

Cutters are made for cycloidal gear teeth, but to slip. Wo may, however, simplify the calcula- 

are not used to tlie same extent as the involute. tions by using the number of teeth contained in 

They are made in sets of 24, and are lettered a wheel instead of its pitch diameter. This is 



103. SPLIT GEAR WHEEL FOR ELECTRIC TRAMCAR AXLE 


A to X, instead of being numbered. This is done particularly useful when cut gears are involved, 

in order to avoid confusion with the involute as their pitch diameters frequently run into 

cutters. Each set is applicable to its particular vulgar fractions or decimals, 

pitch only. As in the case of rope wheels, there is a limiting 

Large spur wheels are built up in a similar speed beyond which gears should not be run. 

manner to that described for large rope wheels. Cast-iron gears should not be run above 2,000 ft. 

and chiefly for the same reasons. Gear teeth are per minuto at the pitch line ; cast-steel gears, 

also formed ujK>n the rims of flywheels, etc., 2,500 ft. per minute ; small machine-cut gears, 

and arc used as a means of starting an engine 3,000 ft. per minute ; above these speeds, gearing 

by levers or by a small gear^ engine. becomes noisy in running, and the wear is 

Gears are made in cast iron, oast steel, mild excessive. 

Continued 
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Group 3 

THE THREE RIDDLES OF LIFE 

PSYCHOLOGY 

How Psychical Research is Helping to Solve them. Thought Telegraphy. 

13 

Hypnotism and its Value. Modern ** Miracles.” Is Materialism Honest ? 

I*sYl III4'AI* KCftKARCH 

I'DiiUuu***! fron. 


By HAROLD BEGBIE 


THERE are two ways in which humanity has 
become accustomed to t ransfer thought from 
mind to mind. One is by the spoken word, and 
the other is by the written word. In the first 
case, the organ of hearing conducts the thought 
to th(^ brain ; and in the second case, the organ 
of sight. 

Mental Telegraphy. It is now certain 
that in a third way thought can be transftu-n^d 
from mind to mind, and this third way has been 
earefully investigated by men of science, and has 
be(‘n termed tehpathy for the sakc^ of brevity, 
though the word does not sutfieiently express the 
mystery. 

Kroderic Myers, himself the inventor of the 
word, (jonfesscis in Human Personality ” the 
inadequacy of his noimuielatun' : “The com- 
munication between distant ptusons is not 
a transference of thought alone, hut of emotion, 
of motor impulses, and of many impressions not 
easy to deline. I ventun'd in 1882 to suggest 
the wider terms tel(r\sthema — sensation at a 
distance — and fellow-feeling at a 

distance'. . . . But I am far from assuming that 
these terms correspond#with definite and clearly 
separate groups of phenomena, or comprise the 
whole field of super-normal faculty. On the 
contrary, 1 think it probable that the facts of 
the meVothereal world arc far more complex 


than the facts of the material world, and that 
the ways in which spirits perceive and com- 
municate — apart from fleshly organisms— a n* 
subtler and more varied than any perct^ption or 
communication which wc know.” 

J3ut the term will stand, in the ]}resent state 
of human knowledge, as denoting all those 
puzzling occurrences, familiar to everybody, in 
which ideas have communicated themselves 


from consciousness to consciousness, often ov<*r 
great distances,- without mechanic;al means. 

An Absorbing Mystery. We would 
caution tlui reader against accepting any word, 
however successful its etymology, as the c.r- 
planativn of a mystery. The t<n’m electricity 
docs not in the smallest way explain the? 
mystery of eleelrieity, and the term telepathy 
does not explain the mysteries it attempts to 
denote. There are many people who dismiss a 
ghost story with the verdict that it is merely a 
case of telepathy ; they do not pause to acknow- 
ledge that the manifestation of a ghost is not 
one whit more inexpUcahlc than the telepathie 
communication of mind with mind over a great 

distance. „ r * ^ 

Telepathy, one of the well-proven facts of 
psychical research, is an absorbing mystery. Jt 
opens up before humanity the vista of a new 
world: and gives promise of faculties and powers 
of which the most advanced of us have scarcely 


begun to dream. It is not a simple thing ; not 
a mere physiological ex])lanat ion of superstitious 
imaginings — it is a definite eontribntion to the 
study of the human mind, and oiu' that seems 
to credit that mind with powers of an almost 
transcendental order. 

Telepathy Annihilates Space. For 

it destroys, in the first place, as bctnvec'n mind 
and mind, all idea of space. Jt- does not 
suggest, it- actually proves that two minds may 
eommunicate instantaneously, though the om* 
inhabit tin* western and the otlu*!* tin* eastern 
hemisphere. A son dying in the Himalayas 
may convey his last anguish to his mother in 
London at the very moment of dissolution; 
and not only his anguish, but the veiy wishes 
in his mind concerning the distribution of his 
property — not merely frantic and iiiiintelligihle 
emotions, hut deliiiite and rational ex])ressloris 
of mind. 

As soon as the investigator has apt)re(!iatod 
this eharacter of t('lepathy he is in a state of 
mind to follow the clue towards the goal of know- 
h*dgc. So long as he uses the terms telepathy 
4 ind coincidence merely as (*xeuseH for his own 
intellectual sloth, or as shields for his own 
ignorance — not troubling to discover what they 
really signify — he cannot hope to make progr(‘SS 
ill his ideas. 

Now, the marvellous fact of tc'lcpathy is just 
this orderly transf(*r(*i»cc of coherent thought. 
Jt would be wonderful if a child in its death 
agony should a<*t upon tlu*, eonseiousm*ss of its 
mother at a great tlistance so as to convince the 
mother of its distress ; but it is something far 
more wonderful, and at the same time some- 
thing inspiring us with the assured hope that wc 
anj exploring a definite faculty of human <-on- 
seionsness, avIu'U we find the child in its distress 
eon varying calm and init'lligihlc; thought to its 
parent over thousands of miles. 

J^ei the investigator emphasise in his mind 
that w(? are here dealing with a transference of 
thought. Thought, according to physicists, is 
a mental })ro(;ess, a cerebral action, a physical 
exertion ; it is a movement of the brain ; if ^ 
an exertion of physical energy ; it is a definite 
ami certain operation of the material brain. 

The Dying Soldier’s Message. Now, 
there are endless instances in the records of 
psychical research wherein eoheient and un- 
emotional messages have been reeeivi'd by 
peoiile from those dear to them at moments of 
supreme crisis. A dying solider in South Africa 
narrated to his sister, by means of automatic 
writing, at the very moment of his decease?, the 
manner of his dying, the names of comrades who 
held him when he fell, and expressed his wish 
that these two men— utterly unknown to the 
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sister — should receive certain gilts out of his 
property as keepsakes. The story is explained 
easiV enough by the intellectually slothful as a 
ease of “ telepathy*’ But how clo these people 
answer us when we venture to point out that a 
gentleman in South Africa, with a bullet through 
his spine, with his nerves torn and lacerated, 
with his life’s blood flowing from him in a 
ceaseless gush, is hardly in a position to give 
an unemotional picture of his plight to a lady 
in London, and to make a rational disposal of his 
property ? Profound thought — or, shall we say, 
honest thought ? — must convince the fair-minded 
that we arc here fumbling at a new door in human 
experience, opening upon what wonderful fields 
of human enterprise we dare not venture to 
imagine. 

Proof of the Soul. The great work of 
Frederic Myers in this particular department 
of psychical research proves, we think, beyond 
all question the existence of a spirit, or, in 
other words, proves the world-old faith that 
man is a sovl. He points out that in eases 
of this kind we have two distinct factors — 
the agerU, or the person who transmits the 
message, and the 'percipient^ or the person 
who receives the message. Now% the agent 
must first manage his own brain, and at 
the same time manage the brain of the per- 
cipient. The materialists have not yet got so 
far in their positivism as to tell us how this is 
done. We are left by them to inquire how the 
agent works in his own organism, and how ho 
works in the organism of others. The dying 
soldier in South Africa, according to this theory, 
arranges the mechanism of his own brain for 
the transmission of a message, arranges the 
mechanism of his sister’s brain for the reception 
of his message, and then, somehow or another, 
transmits it. We need scarcely pause to point 
out the enormous demand which this hypothesis 
makes on our credulity. Finite matter, which 
somehow or another has become conscious of 
itself, is able so to direct and influence each 
molecule of the cells of which itself is com- 
posed — is able to exercise, in Myers's own 
phrase, “ selective gnidance of each individual 
molecule ” ; and by some movement within itself 
is able to influence anotlicr lump of self-conscious 
matter six or seven thousand miles away wdth 
intelligible impressions and rational clesires. 
Let him who is able, believe. 

The 'Working of the Brain. The inquirer 
will notice that in many cases where thought - 
reading or thought-transference, as practised by 
“ professors,” has been put to the test , it has failed 
to convince its examiners. Myers, Sir William 
Crookes, and Sir Oliver Lodge have all seen ex- 
periments which convince them of genuineness, 
but there are innumerable instances of half-and^ 
half success, and innumerable instances of com- 
plete and utter failure. 

We And in this a reason for hoping that 
telepathy is an operation of spirit. The 
number of people who can consciously direct 
their brains so as to effect a telepathic message 
is small ; the number of people who have 
unconsciously received telepathic messages of 


the most important nature is very large. It 
seems to us that, at the moment of dissolution, 
or in any moment of grave distress, the auto- 
matic working -of the brain ceases, and the 
perturbed mind clashes on discordantly, while 
the spirit frees itself to express itself spiritually. 
Myers speaks about “the achievements of will, 
as it shakes itself free from the limitations which 
are but shadows as contrasted wdth its own 
reality.” 

Claims for Telepathy. This is really 
the clue to the m3r8tery of telepathy — the will. 
At present we are uninstructed in the exercise of 
the powers of the will. “ The mind of the 
mind,” as Richard Jefferies expressed it, remains 
untaught. But telepathy does suggest that we 
are on the verge of discovering some definite law 
of the will. Consciousness is not so much 
memory as it is will — that summing-up of per- 
sonality, that fifth essence of character, which is 
the individual of every human form. Psychical 
research is here found pressing ujjon physical 
science the importance of examining human per- 
sonality, and of exploring the secret places of 
consciousness. She claims for telepathy the place 
of a fact in the universe, and asks philosophers 
whether such a fact can profitably be ignored. 
It is not a question of this man or that man argu- 
ing from telepathy the proof of a soul ; it is a 
(piestion of fact, and the work of psychical re- 
search in this respect is an emphasis of the fact. 

In conclusion, we recommend to the student 
a careful perusal of the Retx>rt on the Census 
of Hallucinations, made by a committee of the 
Society for Psychical Research, which included 
in its numbers Professor and Mrs. Sidgwick, 
Dr. A. Myers, Mr. F. Podmore, and F. W. H. 
Myers. It will be found from this report that 
there is at least ample evidence to support the 
general theory of telepathy, if there be not suffi- 
cient elucidation to give to the term telepathy 
a significance which it sadly lacks in the mouths 
of the unregenerate. 

Hypnotism. As soon as people perceive 
that psychology is the science of the outside 
of the mind, they become favourably inclined- 
towards hypnotism^ which is the science of the 
inside of the mind. If an intelligent savage 
w'erc to see a motor-car for the first time, he 
might come to some more or less useful con- 
clusions concerning it by careful observation 
of it« behaviour ; but until he had explored 
the interior workings of the engine he could not 
possibly bo said to understand a motor-car. 

Psychology is the science of observation of 
the mind as it manifests itself in its operations. 
.\ll its distinctions between the subjective and 
the objective carry us but a little way in our 
inquiry as to the absolute reality m mind. 
By studying the figures on a dial and the move- 
ment of the hands we learn from a clock nothing 
but the time. Psychology, as distinct from 
experimental psychology, is a purely empirical 
science. An exact science of the mind must 
have among its methods some process of dis- 
secting and analysing a vital brain. Sueh a 
process, we contend, is to be found in the 
metho(k of the hypnotist. 



In a Hypnotic Hospital. Hypnotism 
has become so confounded in the public 
mind with the grosser nonsense of mesmerism 
that it is necessary point out that tlio hjrpnot- 
ism of which we are now speaking is the 
hypnotism of the medical man as it is prac- 
tised in French hospitals and by some of 
the leading physicians in London. Let the 
reader take his stand, as Myers says, “ at one 
of the modern centres of hypnotic; iiractice — 
in Professor Bernheim’s hospital- ward, or 
Dr. van Renterghern’s clinique ; let him see 
the hundreds of patients thrown daily into 
hypnotic trance, in a few moments and as a 
matter of course ; and let him then remember 
that this process, Avhich now seems as obvious 
and easy as giving a pill, was absolutely unknown, 
not only to (5alen and to Cclsus, but to Hunter 
and to Harvey ; and when at last discovered 
was commonly denounced as a fraudulent 
fiction, almost up to the present day. . . . 

Mesmer’s experiment was almost a ‘ fool’s ex- 
|KU*iment,’ and Mesmer himself was almost a 
charlatan. Yet Mesmer and his succes.sorH — 
Avorking from many different points of vicAv, 
and following many divergent theories — havt; 
opened an ever- widening way, and have brought 
us now to a position whore we can fairly hojie, 
by experiments made no longer at random, to 
reproduce and systematise most of those ])lieno* 
mcna of spontaneous somnambulism which once 
seemed to lie so tantalisingly beyond our grasp.” 

We 'Hypnotise Ourselves. Hypnot- 
ism, as practised by recognised men of science, 
(‘onsists in, first, the removal, as far as possiblp^ 
of normal consciousness, and flicn the sugges- 
tion of an idea to the secondary consciousness. 
Wc say the removal of normal cons(‘iousncs3 
a>s far as })ossible because^ in many cases 
such hypnotists as Dr. Milne BraniAvell convey 
their suggestions Avhilo the patient remains 
convinced that he has not been hypnot- 
ised at all. In most cases, hoAvever, a de(*p 
trance is induced — so deep that the patient’s 
mind is entirely emptied of its worries and 
perplexities, and is free to receive and to lay 
hold of any suggestion whi(;h is offered to it. 
And yet, be it noted, hypnotism is practised 
t>y everybody in the ordinary acts of auto- 
suggestion which make up so larg(‘ a part of 
that conversation Avhich consciousness holds 
Avith itself. You cannot offer your mind an idea 
without, in some measure, hypnotising yourself. 

The Twofold Service of Hypnotism, 
The services of hypnotism are tAvofold — 
first, as a curative agent ; and secondly, as a 
means of enlarging the borders of psyciiology. 
To take the first service, that of pathological 
hypnotism, we find endless eases of people 
freed from distressing mental disorders, other- 
wise incurable, by the healthful suggestions of 
the hypnotist. In old days, a person suffering 
from an obsession, or being driven towards 
insanity by a ghost of his own conjuring, Avas 
given a tonic by his physician, and bidden to 
go on a voyage and see what that would do for 
him. ^To-oay he is sent to the hypnotist, who 
induces in him a state of hypnosis, or trance. 
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and then tells him that his obst‘ssion is delusion, 
that nothing threatens him, that ho is |)orfectly 
AA’^ell, and that he must constantly inform him- 
self of tliis fact AA’heu he issues from his trance. 
The patient is restored to (‘onsi-iousiiess, knoAvs 
nothing of what has been said to him in traiiec, 
and goes aAvay to find his obsession gradually 
fading from liis mind. Tlu; hypnotist, be it 
particularly noted, has not imposed his Avill 
upon the patient ; lie has imu^'ly called into 
activity the patimit's own lusilthy impulses. 
Hypnosis, as Dr. Bramwell has iiointwl out, is 
not due to any mysterious force or Iluid emanat- 
ing from the operator ; the condition is a sub- 
ject iv'e one: the operator calls into action 
powers which arc latent in the brain of his 
jiatient. 

Two Definite States of Conscious- 
ness. The services of hypnotism as a means of 
enlarging the borders of psychology liave next 
to be considered. As avc said at the outset, 
hypnotism is the; only means wc; possc'ss of 
analysing a vital brain. When hypnosis has h(‘c;n 
induced, the patient is not projicrly uiicoiiscious ; 
his normal consciousness has b(;cn reunoved, his 
secondary coi\Hciousiu*ss is in action. You may 
sj)cak to a patiemt and he; will answer you. You 
may disemss a ])rol)lern with him, ask his opinion 
of a sonata, or discuss his opinion of liis own 
normal e()n8eiousn(‘ss. His answers will be per- 
fc'ctly ratioruil and intidligihle ; he will sjieak of 
himself-— that is to say, of both his normal and 
his secondary consciousm'ss — in a maimer which 
exhibits perfect knowledge of both. But when 
hypnosis has passf'd he is unaware of what he 
has said, and cannot remember that he has even 
spoken in his trance. That is to say, while his 
H(*coiidary consciousness has an intimate know- 
ledge of his normal eonseiousm‘ss, his normal 
conseiousni'Hs is completely ignorant of the 
S(;(;omlary coiiseioiisness. 

No words can exagg»;rate the inn>ortancc of 
this diseov(*ry. No hook of fisyehology {;an hope 
to throw light on the system of mind Avliich 
does not take aecount- of these tAvo detinite states 
of consciousness. Instead of a mind expressed 
in consciousness, av(‘ have a mind in Avhi(;h normal, 
or waking, consciousness plays but a meagri; part, 
and in wliich a secondary and una})prchended 
form of consciousnt'ss plays a large pari. Instead 
of regarding consciousness as the mind in action, 
Ave hav(; to look upon it as a fragmentary and 
very imjierfeet form of the mind’s gentual 
activity. 

The Mystery of Suggestion. There 
are many familiar legends concerning the 
cure of diseases which at once suggest them- 
selves, in the light of hypnotic knowledge, as 
cases illustrating the power of auto-suggestion, 
'riio miracles of Lourdes, the healings of Christian 
Science, and the legends of King’s Touch — all 
have, in this light, a rational explanation. '^But 
they servo a more useful purpose than acting as 
mere illustrations of a theoiy. They force us, in 
an extremely suggestive manner, to apprehend 
the deeper mystery of what we call aiUo-augges- 
thn. If I have a toothache I naturally wish that 
I should not feel the pain, but Avish as I may, 
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the pain rages. Why, then, am I to believe that 
the suggestion of the hypnotist will be sufficient 
to remove the pain which my own suggestion is in- 
capable of affecting ? Now, when we notice that 
in the cafe of the Lourdes miracles and^ the 
case of Christian Science healings pain is un- 
doubtedly removed, wo perceive — without in any 
way committing ourselves to the hypothesis of 
the miracle — that an ecstatic perturbation, or a 
violent and intense emotion, has the power to 
effect on the physical organism results which 
ordinary suggestion fails to accomplish. This 
leads us to the conclusion which Dr. Bramwell 
himself holds — although combating its inference 
— that suggestion is not sufficient of itself to 
account for the effects produced by hypnotism. 
Suggestion does, indeed, persuade — powerfully 
persuade — the mind, but suggestion without 
hyimosis, or some, other influence of a super- 
normal kind, is not sufficient to account for the 
revolution in tastes and morals, the entire change 
of habits and dispositions, so effectually induced 
by the hypnotist. 

A Man Performs his own Miracles. 

But if we accept the definition of aitggestion 
given by Myers as the successful appeal to the 
subliminal self, we are in a position to explain, 
at least tentatively, the cures of the hypnotist 
and the miracles of Lourdes. In the case of 
Lourdes the patient who is cured is generally of 
a hysterical or of a very simple nature ; he 
believes implicitly what he is told ; ho is con- 
vinced that the water will miraculouslv cure 
him. His ecstasy sweeps away, more and more, 
the troublesome normal consciousness, until at 
last, when he reaches the holy waters, normal 
consciousness is in abeyance, and all the avenues 
to his soul are thrown wide open to the influences 
around him. So in Christian Science a formula is 
given which gets rid of the sceptical and dis- 
criminating normal consciousness, and slowly 
makes a way to the higher faculties of being, 
which exercise a far greater control over the 
mind. The higher and the more spiritual the 
faith, the more probable the miracle. If a 
man can persuade himself that a chip of wood 
is a piece of the Holy Rood, and that it is 
efficacious in all sickness, he may cure himself 
of disease. 

Myers was led to perceive by very careful 
observation of these “ miraculous healings ” 
that ecstasy in some form is a common feature 
of will cures. This led hiip to think that 
hypnotism, without knowing it, made possible 
by hypnosis that successful appeal to the 
subliminal self which is in truth the agjent of 
cure in every case — religious or therapeutic. 

The student will study for himself the evi- 
dence on this subject, and will decide how far 
Myers was justified in his theory. It remains 
only to say that, whether any theory can yet 
be substantiated by the evidence before us 
W not, the facts of hypnotism are in them- 
selves a definite and revolutionising contribution 
to the study of the human mind. It is in this 
attitude that we would present h^npnotism to 
the reader as a subject worthy of his most 
devoted attention. 
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The Higher Problems of Life. To 

a young community, such as a colony strug- 
gling to create itself anew after the ravages 
of war, life seems to present to it no other con- 
cern than the material objects of existence. 
Even in old and settled countries there are 
people who can conceive of life as nothing more 
valuable than the opportunity for improving 
sanitation, devising new forms of taxation, and 
amending the acts and by-laws created by their 
ancestors. 

But as soon as a man's life becomes more or 
less ordered, and he has advanced some way from 
the forest necessity of a struggle for existence ; 
as soon, we mean, as a man has no worry about 
his raiment, his nourishment, and his lodging, 
he begins to perceive that life presents to his 
intelligence certain important problems which it 
obviously behoves him to solve if he would live 
a rational life. 

He must know, in the first place, what he is. 
He must know, in the second place, the object of 
his existence. And, in the third place, he must 
know what are the effects of death upon his 
consciousness. It will seem to him at the moment 
of this apx)rehen8ion that life can scarcely 
have a more splendid occupation for his intelli- 
gence than a solution of these problems. Instead 
of appearing before him mistily and Uncertainly, 
as the by-play and the hobbies of existence, they 
will appear to him the grand objects of life, 
besi<lc which the struggle for existence is tho 
mere passion of youthful barbarism. 

The three great riddles, “ What am I ? ” 
“ VV’^hy am I here ? " “ What happens to me at 

death ? ” — have teased the intelligence of man 
from the earliest dawn of consciousness. Tho 
answers have been so various as to confuse the 
questions, and it is only now, with a definite 
procedure of science at our hands, that we are 
able, first, to see the questions in their true 
significance, and, secondly, to approach them 
with the definite hope of their solution. We have 
reason to believe that the questions are not vain, 
and that it is the end of human inquiry that wo 
should reach their answers. 

Are the Materialists Honest with 
Themselves ? It must sometimes strike 
us when we are reading a book about the 
brain how oddly we are constituted, since 
the brain is here found reading about itself 
in the fond hope of discovering what it is ! 
One knows not how the materialists feel when 
they are composing these books ; but we must 
suppose them to sit back in their chairs now 
and then, and wonder how it comes about 
that the lump of matter which we call tho 
brain is able to write so learnedly about itself 
without in the least understanding what it all 
means. It seems at first sight that these men 
cannot be honest with themselves, that they 
cannot definitely believe that the facts marshallea 
on their manuscript, the logic running through 
it ail, and the conclusions gradually emerging 
with the utmost satisfaction to themselves, are 
all the products of a handful of matter struggling 
to see itself in the mirror of philosophy. Thd brain 
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writes about the brain ; the brain reads about 
the bram ; and the more we absolutely regard" 
the brain as this handful of matter tne more 
are we amazed at the position. 

Man is More than Matter. A very 
little inquiry into the labours of men who 
have seriously set themselves to answer the 
three great riddles of existence convinces us 
that we are dealing with subtler forces than 
any exercised by gross matter. We may not 
be able to subscribe to the conclusions they have 
reached, but we shall feel that these men ai‘e 
groping for light in the only region where light 
is to be found, and that already they have 
brought back sufficient illumination to eonviiuie 
us that man is something more than a material 
being, and that his imagination and his genitis 
are something more than the by-protlucts of 
accidental evolution. 

There is one point in the methods of these 
men which dilTercntiates them completely from 
the pronounccil materialists ; and it is a point of 
such importance that we would particularly 
beg the reader’s attention for it. In reading the 
gospel of materialism the student will perceive 
that physical science postulates in its study of 
humanity, a type of being so rare that we might 
almost be excused for doubting that he cxisl-s 
at all. Man, we find, is habitually sjx^ken of 
by materialists as a vigorous iTeaturc, judging 
from effect to cause, from cause to effect, free 
from all superstitions, his mind w'orking with 
the handsome regularity of a steam-engine, his 
processes of thought running evenly, liis emotions 
— if they ever venture to manifest themselves 
at all — revealing themselves only in the most 
orderly and pious fashion, one, in short, who.se 
brain is absolute lord and master in the house, 
and whose digestion can account for any trivial 
aberrations in sleep which may from time 
to time disturb the unbroken sway of his 
intellect. 

Hysteria and Insanity. In reading 
the gospel of psychical research, on the other 
hand, the student finds a wiser seitmee which 
sets up no perfect man as tluj norm of the 
rewjc, but which seeks for humanity whi*re 
it is to be found — even in th.e iwisons, in the 
hospitals, and in the lunatic asylums. In 
search for the secret of consciousness, psychi- 
cal science goes to every form of human conscious- 
ness, and examines it patiently witii the most 
scrupulous devotion to the welJ-definetl pro- 
cedure of physical science. It examines all 
those phenomena which the materialists dismiss 
with the meaningless word hysteria^ and it 
studies all those disintegrations of personality 
which the materialists also dismiss with another 
meaningless word — the word insanity. There 
IB no alienist who can tell you what insanity 
means ; there is no physician who can tell you 
what hysteria moans. And yet these two words 
ar© the brooms which material science is in the 
habit of employing to sweep out of its survey 
of luimanity some of the most important and 
Bilgg0iltive aspects of human personality. 


Great Men on Great Mysteries. In 

closing, we would draw the reader’s attention 
to a few conclusions w'hich have boon arrived at 
on these great riddles by men of eminence. 

In Reid’s “ Essay on the Intellectual Powers 
of Man ” wo road: “ I am not thought, I am 
not action, I am not feeling ; I am some- 
thing that thinks, and acts, and suffers. My 
thoughts and actions and feelings change every 
moment ; they have no continued, but a 
siieeessive existeneo ; but that self or 1 to which 
they belong, is permanent, and has the same 
relation to all succeeding thoughts, actions, and 
feelings which I call mine,” 

In Kant’s “Werke,” wo read: “It is there- 
fore as good as demonstrated, or it could easily 
bo proved if w'o wen^ to ent(;r into it at some 
IcngtJi, or, better still, it will be proved in tne 
future -I do not know when' and when — that 
als«) in this life the human soul stands in an 
indissoluble eommunioii with all the inimaierial 
beings of the spiritual world ; that it produces 
efied-s in them, and in exchange receives impres- 
sions from them, without, lunvover, becoming 
humanly conscious of t hem so long im all is w'oll.” 

Dr. xMfrod Russel Wallace says : “ My posi- 
tion is that the phenomena of spiritualism 
in their entirety do ni>t require further confirma- 
tion. They are proved quite as well as any facts 
are proved in other sciences . . . This being 

th'* stjite of th(? ease Jis regards evid(*nco and 
proof, wc are fully justified in taking the facia 
of modern spiritualism (and with tlp*m the spiri- 
tual theory as the only tenable one) as being fully 
establislu'd.” 

An Intelligible Basis of Life. Sir 

Oliver Lodge says : “ The mystery of incar- 

nation and of gradual development, of the 
|X*rsist(‘nce of existence' beyond bodily dt'Sth and 
decay, and even somt' glimmerings of the possible 
inc'aning of the vague? dream of so-called 
reincarnation, all become in some sort intelligible 
on a basis of this kind — the basis of a full and 
never wholly manifested persistent self, from 
which ])eri()dically sprouts a terrestrial mani- 
f(*station, though never (piite the same. Each 
tern'strial appearanci? flourishes and assimilates 
mental and moral nutriment for a time, and the 
result of each is incorporated in the constant 
and growing memory of the underlying, support- 
ing, but inconspicuously manifesting, and at 
present barely recognised, fundamental self,” 

Frc'deric Myers writes : “ Sjiiintual tJmlution : 
That, then, is our destiny, in this and oth{*r 
worlds- -an evolution gradual with many grada- 
tions, and rising to no assignable? elo.se. And 
the passion of life is no selfish w(?akness, it is 
a factor in the universal energy. It should 
kcx'p its strength unbroken even when our 
wearinc.sH long.s to fold the hands in -endless 
slumber ; it shoidd outlast and annihilate the 
‘ pangs that conquer trust.’ . . . Nay, 

in the infinite universe man may now' feel, for 
the first time, at home. The worst fear is over ; 
the true security is won. Tlie worst fear was the 
fear of spiritual extinction or spiritual solitude : 
the true security is in the telepathic law.” 


Psychology concluded 
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AcmicuLTum 


OUR 

DAIRY 

CATTLE 


1 

Bused. 

Averages. | 

Weight 
In ib. 

Milk 
Yield. 
Gal. per 
annum. 

Per cent. 
Fat 

of Milk. 

Per Cent. 

Solids 
Not Pat. 

Dairy Shorthorn 

1,360 

600 

3*7 

9*0 

Devon 

1,160 

600 

4*2 

8*8 

Red Poll 

1,100 

600 

41 

91 

Ayr«hiro . . 

1,000 

660 

3*8 

8*9 

Kerry 

900 

460 

3*7 

9*0 

Dexter . . 

800 

450 

3* 5* 

9*0 

Jersey 

8.30 

450 

4*6 

9*3 

Q uornsey 

1,000 

520 

4*5 

■Si 


• Average at Park Royal, 1905. 


The Dairy Shorthorn. This is, per- 
haps, the most popular of dairy cows with the 
farmer. It is in this country regarded as a 
general purpose cow, the largest producer of 
milk, and capable on an emergency, or when 
milk production fails, of ijroducing a heavily- 
meated carcase, 'llierc are Dairy Shorthorns in 
this countiy of the highest type — superior to any 
general purpose cow in existence — and we 
believe that it would be possible by careful 
selection not only to beat the choicest stock of 
any other known breed in the world for weight 
of milk and butter, but, by breeding from the 
best to be found, to produce animals which would 
equal the Jersey from the point of view of the 
quality of milk. Although the average fat per- 
centage is not high, there are in every important 
competition, such as the annual contests at the 
National Dairy Show, Dairy Shorthorn cows 
whose milk contains from 4 to 6 per cent, of fat. 
Hence, the inherent capabilities of the breed are 
much greater than they are generally supix^scd 
to be. 

The Dairy Shorthorn cow has deep, straight, 
and wido buttocks, a long, narrow head, sur- 
mounted by fine horns, usually curved inwards, 
a white muzzle, slender shoulders, a capacious 
abdomen, and a largo, line skinned, silky udder, 
provided with fairly large teats, placed wide apart 
each way, and carried well forward under the 
abdomen, and well backward between the but- 
tocks. The udder should not hang, but in a good 
cow it is symmetrical, usually semi-globular, dis- 
tended before milking, and shrunken immediately 
aiterwords. A fine animal presents a massive 
appearance from behind, and a somewhat wedge- 
shaped form from the front. The calves grow 
with rapidity, and if the feeding br; well 
maintained from birth, they provide splendid 
meat, known as baby beef, at two years old, 
instead of four years, as was the case a quarter 
of a century ago when cattle were kept until they 
'became oxen. The best Shofthorn dairy cattle 
are found in Cumberland and Westmorland, 
■^parts of Lancashire and Yorks, and the North 
of Knglaiid generally ; in Derbyshire and Bucks 
there are also many fine cows of this type. In 
counties the local breeds often predominate, 
.But & all parts of England,* except where poor 
ShorthorQS are found in the hands 
ol Sr pecoentckge ot dairy farmers. In the 


United States the pedigree Shorthorn is one of 
the popular breeds, but the Dairy Shorthorn 
cow, as we understand it, is almost unknown, 
and the groat competitions in Chicago and St. 
Louis have proved that American farmers have 
little knowledge of the high value of our great 
native milking cattle. The following tables 
show their great capacities. 


YIELDS OP MILK BY SHORTHORNS AT 
THE LONDON DAIRY SHOW 


\wgM 

Owner and Cow. 

In 24 hour^. | 

1901 

Mr. Boaster’s Non-l’edigreo 

lb. 

oz. 


Shortliorn 

69 

8 


Ml*. Syienccr’s Model Mnrv 

66 

13 


Mr. Albert Merry’s Mary . . 

61 

13 


Mr. Gcorgo Long’s Red 




Queen 

69 

8 


Mr. Skeppy’s Model Maid . . 

66 

2 


Mr. Stanhope’s Wihby 

57 

10 


1 BUTTER PRODUCTION AT THE LONDON i 


DAIRY SHOW 





Owner and Cow. | 

In 24 hours. | 



11). 

oz. 

1902 

Mr. Birdscy’s Honesty 

2 

Hi 


Ml*. Merry’s Molly ,, 

2 

10 • 

1003 

Mr. Merry’s Daisy , , , , 

3 



Mr. Merry’s Beatrice . . 

2 

7f 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1904 

No. of 
Cows. 

rounds of 
Milk per Cow, 

Per cent. 
Fat. 

Per cent. 
Other Solids. 

147 

48*3 

. - , . 

3*73 

8*0 


Between 180.5 and 1000, lOtt Shorthorns were 
tested for butter at tlio Dairy Show. They averaged 
60i ilays in milk and 1*11 oz. of butter per day. 
requiring 28*8 Ib. of milk for the production of each 
lb. In tin) four following years the a\’prages were 
alino.st identical. 

At the H«)yal Show at Derby, in .luno, 1006, 
Mr. Kvens’s T.ineoln Hod (Burton, 4st.), tt years old, 
gave 08 lb. of milk ; and Mr. R. Shelton’s 
Shoriht)rn, Lady Mainstay, 8 yeans old, 7 gal. of 
milk in 24 ho»irs — the latter ju’odncing 3 lb. 4 oz. 
of bnltor. 

The Devon. The Devon dairy cow [8] is 
mellow fleshed, and in many instances sym- 
metrically formed, but she is less perfect in this 
respect U\an the Devon of the showy ard, which 
is l>rcd for beef producition, and wanting in those 
finer points which charactciiNc the perfect dairy 
cow. Her milk is rich, and in many herds the 
yield is large and the fat percentage high, for 
which reason she is well adapted to the production 
of what is known in the West os clotted cream. 
She is an oxcjeptional butter cow, but is used in 
Somerset by many farmers in their cheese- 
making herds. Wo may fairly assume that a 
herd of useful cattle will produce more than 
4 lb. of butter per 100 lb., or 10 gallons of 
milk. 

At the Royal Show at Derby (June, 1906), Mi. 
Win. Vo.sper*s Primula Second, gave 66 lb. ot 
milk producing 2 lb. 4* oz. of butler in 24 hours; 
and at the London Dairy Show, in October, 1904, 
the cow Primrose gave 66 lb. 2 oz. of milk. 
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3. SOUTH DEVON COW 


The Red Poll. A good milking cow of this 
breed possesses a long head, quite devoid of coarse- 
ness, somewhat slender neck and shoulders, a 
capacious abdomen, square quarters, deep body, 
breadth across the hips, and a somewhat light 
fore-quarter ; the udder resembles that of the 
Shof^orn. The following measurements are of 
a ^t-prize cow of that brood. Height of hips, 
50 in. ; length, 82 in. ; girth behind the shoulder, 
76in. ^ width across hips, 20 in. ; hip bone to tail, 
171 in. Although the average quality of the 
milk is exceptional, there are many cows which 
produce milk containing still larger xuopurtions 
Of fat. 


YIELDS OF MILK AT THE 
DAIRY SHOW 

LONDON 


Owner ana Cow. 

In 24 liourH. 

1902 

Lord RotliHchild'H Ifastoo 

Ih. 

oz. 


Gloss 

50 

12 


Mr. Barnet’s Ruth IV. 

51 

— 


Lord Rothschild’s Hon(\-<t 




Wayward 

56 

8 


BUTTKR PRODUCTIOX AT TJfE LOXDON 
DAIRY SHOW. 


. From 1896 to 1900, 30 cow.s wero tested. TJioy 
aveWged 60| days in milk, and 1 lb. 4| oz. of butter 
per day. In the folio-wing four years tho weight 
of butter varied from I lb. to 1 lb. 8^ oz., requiring 
from 261 lb. to 30i lb. to produce eacli lb. 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1904 

No/ of 
Cows. 

Pounds of 
Milk per Cow. 

Per cent. 
Fat. 

Per cent. 
Other Solids. 

8-9 

.40 

40-7 

3*66 


, The Ayrshire. This characteristic breed, 
MO unlike any other variety in these islands, from 
ihb point of view of hom, form, and colour, is 
■^^peouliarly l^otch, and cows are commonly brought 
oy Sdoloh settlero to England, while they are 
h^ttcin^ly exported to Norway and Sweden, 
^hey axe much estepmed; The Ayrshire is 
: A hardy cbw, adapted to Used on mountain- 


side, and to make tibe mo^ 
of a coarse tution. Although 
weighing fairly well, she is 
smaller in frame than the 
figures suggest. In addition 
to the remarks made on page 
2236, we would call attention 
to the fact tha| in no bfeed 
do we find the shoulders and 
neck 80 slender, or the body 
taper so gradu^ly from the 
fore to the hind quarters 
[see illustration on page 2237]. 
The abdomen is large, the 
loins thick and deep, and the 
udder exceptional in its form. 
Instead of hanging or being 
globular, it is comparatively 
flat, sometimes no deeper 
than the base of the abdomen, 
but it is broad and long, and 
provided with four small 
teats, which fit it for female rather than 
for male milkeiv. Tho breed should be more 
generally encouragt‘d in England, although it 
is probable that English farmers object to it 
on lujcouni of its being but little adapted to the 
j)roduction of beef. Tho Ayishire is found in 
perfection in the South-West of Scotland, chiefly 
in the two great cheese -producing counties of 
Ayrshire and Wigtonshire, where herds con- 
taining 250 head may sometimes be found, since 
it is bettor adapted for cheese-production or 
milk-selling than butter-making. A London 
chamx)ion cow measured as follows : Height at 
hips, 50 in. ; length, 84 in. ; girth behind shoulder, 
74 J in, ; width across hips, 18 in. ; hip bone to 
tail, 18 in. 

In tlio milking Irinls of 1899 four Ayrshiret 
uvcrugofl 47 J lb. of milk containing 3*7 per cent, 
of fat and 9*2 per cent, of other mdid.s. In 1901 
ft)ur cow-rt avoragod 42*3 lb. containing 3 ‘4 per cent, 
of fat and 8-9 per cent, of otlior solids. 

In the years 1896 to 1900, eight Ayrshire^ averag- 
ing 52 days in milk averaged 1 lb. 134’ ^f butter, 
each lb. requiring 26-35 lb. in its production. 

The Jersey. The Jersey is at once the 
most <;lcgant of our native breeds, and tho most 
beautiful in colour, which varies from fawn and 
golden fawn to silver grey and mulberry [see 
illustration on page 2237]. She is a small cow, 
less fleshy than any other British variety ; her 
skin, which should be thin and silky, covers its 
bony structure with little flesh behind it. Many 
judges incline to this want of fleshiness, and in 
some cases a belief is held that the fleshy cow is 
not a meritorious milking cow. Dr. Watnejr, 
liowever, the most success^l of all competitors m 
butter-making competitions, has proved bjr 
constantly beating all rivals that this theory is 
not cOTTect, for he* maintains his cattle in a oom-^ 
paratively meaty condition, and toms them intd* 
pastures as luxurious as those upon which the 
pedigree Shorthorn breeders of the past pb?. 
tain^ the high condition in which their sto^ 
was usuaHy shown. The Jersey has a pa^ionla^ , 
fine head and muzzle, which, like her is 

black, a small delicately formed, crumplealtoni,) 
curving inwards, yellow at the base, and hlaelK . 





at the points. The skin is mellow and oily, 
the shoulder almost imperceptible, the back 
straight, the ribs well sprung, the hips wide, 
the b^y capacious, and the buttocks wide apart, 
the gap being filled with the back of the large and 
globular ud&r, which is more characteristic of 
this breed than of any other ; the teats are of 
medium size, well placed, and wide apart. Tho 
milk vein is prominent, the tail black and long, 
and the skin yellow and rich in tho most exposed 
parts, as the ears, inside the thighs, and tho 
udder. The Jersey is a remarkable milk and 
butter producer, and the few selected examples 
will furnish some idea of her capacity. Baron’s 
Progress, London champion (1889) gave milk 
containing 7*94 per cent, of fat in the morning, 
and 8*65 per cent, in the evening, producing 
3 lb. 6 oz. of butter in a single day. 

Between 189/5 and 1900, 120 Jornoys. avorii^ing 
99 days in milk, produced an average yic‘ld of 
1 lb. 10| 02 . in tho 24 hours, 19*15 lb. of milk 
being required in the production of each lb. In 
1903, 20 cows averaged 1 lb. 11 oz. of butter, eacrh 
lb. being obtained from 18*12 lb. of milk. In 1904, 
12 cows in milk 117 days gave an average yield of 
1 lb. 13^ oz. of butler, each lb. being produced 
from 19 *6 lb. of milk. 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1904 

No. of 
Cows. 

Pounds of 
Milk per Cow. 

Per cent 
Pat. 

Per cent. 
Other Solids. 

131 

31*4 

f)*2 

9*2 


Not only is tho milk of the Jersey rich, but it 
is remarkable for the large size of its fat globules, 
as well as for the extraordinary richness of it« 
colouring, which, like that of other breidi, is 
more marked when tho cows are on tho pastures 
in summer. Much has been done in the Island of 
Jersey, from which all our stock is derived, as 
well os in England and America. In tho latt-<^r 
country there are many public tests of remark- 
able cows, and the pedigrees of these animals are 
often accompanied by ligures showing the actual 
yield of butter by the dams and the grandams 
during a given period. As tho Jersey has 
little economical value apart 
from her milking powers, it is 
more than essential that this 
should not only be maintained, 
but developed by the adoption 
of the principle of selection. 

The male calves of the Jersey, 
unless of very first-rate stock, 
are of little or no value, and 
the remark applies equally to 
heifer caJives the produce of 
inferior cows and bulls. In 
e V e important exhibition 
animals arc exhibited which 
have been purchased in the 
Island of Jersey from breeders 
who realise high prices for 
t»ttle able to vnn. The Eng- 
lish Jersey is usually a bigger, 
ooarset, and stronger cow man 
those bred in the island. She 
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is a hardy animal, essentially profitable so 
long as she continue.s to milk, but at the 
end of her days her carcase carries little 
meat, Jersey milk is seldom placed on the 
market, for the reason that tho dealer is un- 
willing to pay for it in proportion to its value. 
It not only produces more butter per 100 lb., 
but more cheese, and, contrary to tho belief 
of the practical man, it produces better cheese, 
while the cream is far superior in toxture and 
flavour to that of any other breed, tho Guernsey 
excepted. 

Dr. Watnoy’s herd, members of which have 
reached 550 lb. of butter in a year, has reached 
an average yield per cow of 4.50 lb. 

Measurement of Baron’s Progress. Height 
of hips, 50 in ; I(‘ngtli, 87 in. ; girth behind 
shoulder, 72 in. ; width across hips, 50 in. ; hip 
to tail, 20 in. 

The Guernsey. This famous cow [4] is on© 
of the chief producits of the island from which its 
name is derived. H(‘r colour is orange, or orange 
and white. She is heaviijr, larger, and coarser'' 
than the Jersey, and her lines in consequence 
less finely drawn. The (juality of her milk is 
practically* equal to that of the Jersey. It 
produces butter and cream of similar character 
and colour, and is equally wdJ adapted to tho 
manufacture of cheese. The average Guernsey 
is of a fleshier type than the average Jersey, but 
the lightly-clad cows, when symmetrical, are 
preferred by the judges in tho showyard. The 
skin is fine and soft, the body deep, tho loins wide, 
and the fore -quarter slender in the best examples ; 
but, taking the breed as a whole, it is less elegant 
than the sister variety, although occasionally 
cows closely approximate in quality to the 
best Jerseys. The calvc's arc better adapted 
for veal production than those produced by Jersey 
cows, and although some admirers have produced 
excellent stecTs, it is doubtful whether a net 
firolit has l)(M*n realised upon their sale. Occa- 
sionally wonderful produ(j(‘i’s of milk and butter 
liave appeared on the scene, and the follow- 
ing instances show that there is inherent 
power in the breed, that is less ardently culti- 
vated than the Jersey, wliich in this country. 





ae in America^ has an exceptional society of 
admirers behind it. 

In the United States, Quernseys which have 
been officially tested have in many cases given 
from 1,200 to 1,400 gallons of milk, producing 
from 620 lb. to 775 lb. of butter in a year, 
while in the Island averages of 1,200 gallons in 
small herds are not uncommon. 

Between 1895 and 1900, 23 Guernseys, averaging 
71 1 days in milk, averaged per day 1 lb. O^r oz.^ of 
butter, each lb. being obtained from 21*8 lb. of milk. 
In later years these figures wore both increased an<l 
diminished, for the number of competitors ^vas 
small. 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS. 1899-1904 

No. of 
Cowl. 

Pounds of 
Milk per Cow. 

Per cent. 
Pat. 

Per cent. 
Other Solid!. 

42 

81 

4*5 

9*1 


The following measurements arc of a -year- 
old heifer which was a London champion : Height 
of hips, 60 in.; length, 

86 in. ; girth behind 
shoulder, 72 in. ; 
width across hips, 

18 in.; hip to t^il, 

18 in. 

The Kerry [seo 
page 2237]. Tlio 
Kerry cow is the 
pride of the dairy 
of Southern Ireland, 
where, however, it is 
not seen to the best 
advantage. Its small 
size is no doubt owing 
to the fact that it 
has been practically 
“made” on the 
mountains of the 
south - west, where 
herbage is extremely scanty, and the means of the 
owners as extremely limited. Tlie result is that, 
apart from diminutive size, it remains a milker 
of a very low order until its venue is changed 
and it is supplied, lik(» other cattle, with lilK'ral 
quantities of proper food. When fed in the 
normal manner it is one of the best milkei*s in 
tho world in proportion to its weight. The 
writer once attended the great Kerry Fair, 
at Konmare, where, from some few thousand 
animals, the animal that was believed to have 
been the best of tho bunch was selected and 
purchased by* a fellow visitor for a five-pound 
note. Prices, however, are different in Eng- 
land, where the Kerry is much superior. The 
Kerry is black, or black with a little white. 
She is low in stature, but rather lengthy and deep 
in body, yet she is as graceful as she is gentle 
in disposition. The head is well formed, and the 
horns symmetrically curved. The properties 
of the breed adapt it to the requirements of 
l^vate owners, as it will s^ply sufficient milk 
for 4b household, and yet the Kerry is not a butter 
0^ bf Ugh order, for the milk, althouj^ fairly 
does not produce butter of the finest type 


as regards texture^ colour, ‘4Uid 
compared with the Jersey or the tiuemseyk^ ' < 

The cow Babraham Belle has produced about 
1,100 gallons of milk per cumum ; while at the 
Derby Royal Show, Lady GreenaU’s Walton Joyous, 
4 years old, gave 47 lb. 14 oz. of milk in 24 hours. 

In 1902, the only year in which the London oom- 
petition has been normal, few cows having b^en 
entered, two Kerries, averaging 46^ days in milk 
gave per oow 1*7| lb. of butter, each lb. being 
obtained from 21^ lb. of milk. 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS. 1900-1906 

No. of 
Oowi. 

Pounds of 
Milk per Cow. 


Per cent. 
Oth«*r Solids. 

61 

31*8 


9*1 


The Dexter. The Dexter [5J has no counter- 
part among any British breed as regards either 
size or form. It is wholly black or red ; a little 
white on the udder, along the inside of tlic flank, or 
underside of the belly, or on the tassel of the tail 
is allowable. The 
head is broad and 
short, tapering to the 
muzzle, . which is 
large ; tho nock is 
short, deep, and 
thick, tho shoulders 
wide apart, tho hips 
wide, the quarters 
deep and well sprung ; 
tho body well ribbed, 
the under loin straight 
and the udder placed 
well forward, showing 
breadth behind, the 
teats being well placed 
and of medium size. 
Tho legs are short 
and strong, and the 
body is as close to 
the ground as possible. The horns are short and 
moderately thick, having an inward and slightly 
upward curve. The skin is soft and mellow, 
but not too thin, while the hair is fine, abundant, 
and silky. The bulls should not exceed 900 lb. 
in weight, and the cows 800 lb. The real origin 
of the Dexter is not known, but it is believed 
to be the result of breeding from specially 
selected Keri'ies. Mr. Hordern, secretary of the 
English Kerry and Dexter Society, estimated the 
aver.ige yield of both Kerry and Dexter cows 
at 2| gallons a day for heifers and 3{ gallons for 
cows, but we must regard these figures as apply- 
ing to selected stock only. 

Tho cow La Mancha Beatrice, having calvod^ in 
July, gave 4 gallonM daily in October, this containing 
4 per cent, of fat ; Red Rose gave between December ^ 
and September, 1,270 gallons of milk; and Mr. 
Robertson’s Edna, 6 years old, 41 lb. 14 oz. in the 
Derby competition. 

Management of the Cow. The student 
will find our general remarks on the ^Breediiig 
and Management of Cattle on pages '2238-4Qb 
We have therefore confined ourselves to , the 
special treatment to be pursued in^coimeqt^ 
with the milking.breeds. , 
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When a cow has been purchased she is in prac* 
tioal dairying, usually in milk or in calf, oi^ both. 
If she be dry and pregnant, it should be possible 
to recognise the presence of the calf by pressing 
with the back of the index finger and the ball 
of the thumb rather low down in the abdomen 
below the hips on the right side. The fact of a 
cow being dry is presumptive evidence that she 
has been dried for calving, but the calf may bo 
felt before drying off by an expert as early as 
the fifth and sixth month after service. A cow 
in season indicates the fact by her excitability, 
and by other signs which every stockman iindt^r- 
stands. The skilled are aware what course to 
pursue, but in the case of the unskilled avc 
strongly urge that when it is inUiiided to brc‘ed 
from • a cow thought should bo given to tJio 
matter before deciding by what bull slie should 
be- crossed. It is far more economical to employ 
a suitable bull of a deei) milking strain, and to 
pay a guinea for service, than to use a nondescrij)t 
bull without any payment whatever. In the 
ordinary way, a milking cow should be dried 
six weeks before she is duo to calve. In drying 
a cow, the milker commences by omitting a daily 
milking for a few days, and then by omitting to 
milk altogether. Some covvs continue, in spite 
of all precautions, to milk right up to calving, 
with the result that the f«?tus is starved, and on 
its appearance is usually weak, fragile, and 
undersized. A week or two bofore calving — 
or when, owing to her breed or history, milk 
fever is anticipated — a cow of a fleshy breed 
should be scantily fed that her condition may 
be reduced. If she bo turned out, a poor 
pasture will serve the pui^pose l:)est, without any 
addition to her ration. If she is being stall-fed, 
cake and meal should ho omitted, a light ration 
of hay alone being provided, and she should 
have plenty of exercise. 

Calving. When calving is near the cow 
should be watched and kept untied night and 
day, either on a pasture or in a loose-box. Some 
farmers would milk her every night to prevent 
her calving before the morning, but this p’an 
is not infallible. Somctime.s, after calving, the 
“ placenta,” or after-birth, refuses to pas-s. This 
is a troublesome and sometimes dangerous affair. 
A drink may be obtained to help the animal, 
while to the exposed portion of the ” cleansing ” 
a thin cord should bo attached with a light 
weight at the end that there may bo gentle and 
continuous force exerted which will induce it to 
c&sattach itself. During the retention of tho 
placenta, and to prevent poisoning by its dtj- 
oomposition witliin the animal’s body, tho 
passage should be daily disinfected with carbx>lic 
acid at the rate of 1 part to 50 of water. In some 
cases, where the attachment is slight, tho after- 
birth may bo gently removed, or torn away by 
the hand. Cleanliness, at all times important, is 
doubly so at this period. In all cases the after- 
birth should bo buried. 

It sometimes hapi)ens that after calving one 
of the teats of the udder is blocked, and refuses 
to pass milk. This is sometimes owing to a chill, 
$OihetimeB to tho carelessnera of a milker ^fore 
halving. It will need earful and gentle manipula- 
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lion, and it may be necessary to strip it, or 
attempt to strip it, oveiy couple of hours through 
the day in the effort to remove the material or 
cause of stoppage. The loss of a teat is serious, 
for if it does not actually involve the loss of a 
full quarter of the milk which the cow should 
give, it diminishes her saleable value. Should 
hmd manipulation fail, the calf should he tried. 
In the ordinary way, a calf will succeed where 
man docs not, suction being pow'erfully brought 
to bear. Should there be no good result from 
either course, a silver tube must be obtained, 
and after lubricating with oil, very carefully intro- 
duced into the duct of the teal. This w ill usually 
pass sufficiently far to enable the milk to flow, 
but iJio passage may close again unless the 
greatest possible care Ix) excrcused. Another 
trouble is the hardness of tho udder, which may 
arise from one of various causes. Here, too, the 
calf’s assistance is often im])ortant, and although 
it is tlie practice of many breeders to remove the 
calf at birth, and to feed it from tho pail, it had 
better be left with its dam in such a case, that 
by its repeated sucking and punching, the udder 
may return to its normal condition. Failing tlie 
calf, hand rubbing with oil or goose grease is 
often found effectual, but in all cases the udder 
should be stripped of its milk eveiy three or four 
hours. 

Colostrum. The first milk drawn from a 
newly-calved cow’ is of much deeper colour than 
normal milk. It is known as whatrum^ and is 
unquestionably valuable for the calf, upon which 
it acts medicinally. Colostrum is oxtremoly rich 
in solid matter, espcn^ially casein and albumin. 
Tho solids may I’cach 25 to 28 i>cr cent, against 
13 in normal milk, while the casein and albumin 
may reach 15 to 20 per cent., against 4 per 
cent, in average milk. 

Abortion, or slipping of the calf, is one of the 
accidents and misfortunes of tlie dairy herd. 
A cow purchased in the market or elsewhere may 
bo infected, and if the fact Ik? iinkuow’n, may 
remain witli the herd in her new home, and infect 
the cows around her [see page 2623]. No 
trouble should be regarded as too great in a case 
of this kind, for abortion in the herd has often 
ruined a farmer. A cow which has aborted 
should fed for Hu? butcher, as there is some 
risk of infecting the bull, and through him the 
whole herd. 

Breeding. Where a farmer breeds his own 
stock, ho must decide at wliat age and undcir 
what conditions his heifers should lie mated. 
A heifer which is undersized, raw, and still grow- 
ing, had better wait until from 10 to 21 months, 
but large-framed beasts, which are practically 
mature enough for breeding, may undoubtedly be 
introduced to the bull at 18 months. A heifer 
should never be retained for breeding if she be 
unhealthy, or, indeed, if she be not robust. It 
is far wiser to feed her for the butcher. Much is 
accomplished by good feeding from birth, 
maturity is hastened, 8tr(*ngth is imparted, and, 
an animal may be" brought into the dairy as a 
profitable servant at the age of 2^ years instead 
of 2J years or later. There are too many who 
fail to*^ feed well, and who allow their young 
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stock to graze upoa poor pastures m the belief 
that they are saving money by the practice. 
Ungenerous feeding is, however, uneconomical. 
In the cose of the males of a hei^, a young bull 
may prove unfertile from time to time owing to 
the scanty way in which he has been fed. 

In the vast majority of cases cows calve in 
spring, but the farmer is able to control the period 
of calving in accordance with the value of the 
calf or of the milk. The cheesemaker requiring 
milk from April to September prefers the sprmg 
calving cow ; the milk seller, who caters for 
winter prices, often prefers the autumn calver, 
that he may obtain a larger yield at a time when 
it returns him the most money. It is important, 
therefore, that where cows are to calve at given 
periods, the bull should be confined to a box and 
yard, and only used when the cows are in season 
and at the right date. Where the cows calve in 
spring labour is reduced together with the cost 
of feeding, for the herd, being on the pastures, are 
pretty much left to themselves. In winter, 
however, the milking cow is stall-fed, and this 
not only involves greater cost, but demands 
greater attention at the hands of both owner 
and men. As we shall 
see, however, some hand- 
feeding in summer is 
important, and, indeed, 
imperative. 

Poiiita a Pur- 
chaser Must Look 
for. It is important 
in purchasing a cow 
that no mistake should 
be made as to her value. 

There is no lesson in 
this matter which can 
compare with experi- 
ence, but a few words 
will help even the ex- 
perience buyer. The 
animal [6] should be 
large for her iireed, with 

a capacious belly, breadth across tUc Jtiips, a 
straight back, depth of loin, width between 
the buttocks, fine shoulders and nock, a long, 
fine head, powerful muzzle, and fine shapely 
horns characteristic of her breed. A short, 
thick cow with a deep brisket, coarse head 
and neck, heavy shoulders, and great fleshy 
character should be rejected, especially if the 
udder be small and narrow. She should be 
healthy, quiet, gentle, chewing her cud when 
at rest — a very good sign of health ; her horns 
clean and without many wrinkles, her teeth sound 
(both teeth and wrinkles on the horn indicate 
a^e), and provided with a well-formed large udder 
vnth a silky covering much shrunken after 
milking. The size of the udder is not an absolute 
guide to milking power, and therefore in purchas- 
ing from a private buyer on the farm it is wise 
to Bee selected cows milked morning and night, 
and to take the precaution not to inform the 
teller ndieh a visit for the purpose will be made, 
or the eandmals may possibfy be ** stocked*’ 
br ^ purpQaa*-4.e., uumilked at the previous 
time. A good oow milks well to the last; 



nevertheless, a very heavy yiM with bne^oatf 
may followed by a much lighter yield with 
the next, although later the return is almost- 
certain to be good. There is no empirical method 
of selecting a good milker. The l^t judges are 
often deceived by appearances. A healthy eOw has 
warm ears, a loose, mellow skin, horns warm at 
the base, and dew on her nose. Details as to 
teeth, with two diagrams, are to be found on page 
2239. It should be noted that a cow always 
grazing pushes her teeth through more rapidfy, 
whereas fed in the stall she has less use for her 
incisors, which may in consequence appear 
later. 

Care of Stock. Although the practice is 
most uncommon, cows should be daily groomed, 
scraped in winter, and washed, if necessary, to 
keep the flanks and buttocks clean. The 
average cow in winter is plastered with the manure 
on which she lies ; this dries and cakes, and dis- 
figures her, until she loses her coat, apart from 
which the practice is filthy, and contributes 
to the contamination of the milk. A cow which 
is never cleaned maybe attacked by ringworm, 
and is almost invariably covered with parasites ; 

her coat is the abode 
of dirt, and the milk 
she yields is daily 
tainted in consequence. 
Apart from grooming, 
the coat should be 
washed at least once a 
week with soap and 
water, to which a small 
quantity of carbolic acid 
has been added. One 
part in fifty will destroy 
parasitic Ufe. Should 
ringworm api^ear in cow 
or calf, immediate and 
attention 

Tall should bo given, few 
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the crust of the growth may be removed a little 
at a time, and the whole daily rubbed with 
carbolic or mercurial ointment, which, however, 
fails to penetrate the crust itself. 

The Byre. The buildings in which cows 
arc stalled, milked, and fed vary in design. They 
have lieen described on page 2997. 

The cows may be tied to the stalls in one of 
many ways. A common plan is to affix 
vertical iron rod right and left with screws at 
each end to each partition. A chain is attached 
to this rod by a ring that it may slide from top 
to bottom, and thus each cow is fastened when 
the chain is passed around her neck to the 
tition next to which she stands, and is able to 
feed from the manger without too close contact 
with her neighbour. Food receptacles, however, 
whether manger or rack, are provided in numer^ 
DUB forms, and the remark equally applies to.^the^ 
various methods of chanrag the cows, especial^ , 
in the United States, where they are in hUU^y 
cases most ingenious. An advantage of the , 
fir^riejk mangenr is that if a tap be ffiied 
end, and a pipe and ping at the other, the 1r]l0le 



maT ba Aualied out with water and cleaned, 
whUa, when neceaeary, it may be partially 
dUed with water for the cows to drink. The 
walls of the cowhouse should be periodically 
lime^washed, and the floors disinfected daily ; 
where the latter are made of burnt clay or 
firebrick, and grouted in cement, they should 
also be flushed with water. In winter the 
stalls may be littered with straw*--oat straw 
is best, especially as a portion will be consumed 
by the cattle — ^with peat moss, or even with saw- 
dust or shavings, if other materials be not ob- 
tainable, although the latter do not make the 
best or most desirable of beds. 

It is essential that boxes should be provided 
for calving cows, calves, and sick cattle, all of 
which should be well lighted and ventilated, but 
kept free from draughts. 

Storing and Preparing Cattle Fodder. 
A food store and mixing apartment where a 
number of cows are kept is required, and it is 
a good plan to construct this in the centre 
of the cattle building. The floor should be of 
concrete, and arranged so that the pulped 
roots, the chaff, the cake, and the meal or 
grains used may be close at hand ready for mix* 
ing in a heap 
morning and 
night. The 
mixture is 
usually allowed 
to remain 
heaped for 
twelve hours 
that it may 
ferment. Being 
thus warmed, it 
is either carried 
in tubs or 
baskets, a gal- 
vanised iron 
barrow, or a tramcar, direct to the cattle. 

Where many cows ore kept the small steam 
or oil engine described on page 2099 may be used 
with advantage. There should be a loft or store 
overhead, and here the chaff-cutter may be 
fixed, the hay or straw being delivered from 
thie outside of the building and the chaff as it is 
needed passed below through a trap-door in 
the floor. A belt attached to the shafting which 
drives the chaff-cutter will serve to drive the 
pulper and the com mill ; hence if a store for 
roots be conveniently placed into which they 
may be delivered by the carts from the field, 
ana if the grain to bo ground be stored in the 
loft, the food may be conveniently prepared and 
as occasion requires. 

WhM and How to Milk. Cows should 
be regularly milked, whatever the hours fixed 
may ft ; but it has been shown by experiment 
by MiHbitig at three periods — 6.30 a.m. and 
2.90 p.m., 6.30 a.m. and 4.30 p.m., and 6.30 a.m. 
aad €L90i p.m. — ^that although the yield was 
.the same in each case, .the mixture 
When drawn at the first two periods. 
n milked twelve hours apart, or 
^the ynOk of the evening is always 
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richeathan that of the morning. Milkers should 
be encouraged to milk with dry hands, other- 
wise the practice of dipping the fingers into the 
pail is regularly followed. The practice is not only 
disgusting, but contributes to the non-keeping 
power of the milk, which is thus contaminated. 
Cows may be trained to be milked in the fields— as 
in Holland, where they are frequently tied to 
posts, or in Normandy, where they stand quietly 
for the purpose. In each case the necessity for 
bringing the milk home is involved. The Dutch- 
man brings it in his boat, < he Norman dairymaid on 
her head, or in the panniers on the back of an ass. 

When the milkers enter the cowhouse early on 
the winter’s morning, the cows may be supplied 
w'ith a little sweet hay or, if the owner prefers, 
with their morning’s mixed ration. The udders 
are then cleansed, the milkers wash their hands, 
don their overalls, and draw the millc in pails 
which have been cleansed overnight and loft in 
the air. Afk‘r milking, and when the food has 
lj<*en consumed, the cows may be turned out 
either to graze and drink, or, when the weather 
is severe, for exercise and drink. After 
breakfast the men proceed to clean out the 
stalls, gutters, and houses, and then to prepare 

the ration for 
the following 
day. In sum- 
mer the cows 
remain in the 
fields, but atten- 
tion should be 
given to gates, 
fences [7], the 
water supply 
in ponds or 
streams, to 
possible gaps in 
hedges, and, 
where forage 
crops, such as vetches, rye grass, trifolium, clover, 
lucerne, cabbage, or maize are provided, to the 
cutting of tlie food and ns conveyance either to 
the pastures where the cows are grazing, or to 
the mangers. It will usually be found essen- 
tial to allow the forage mown in the morn- 
ing to remain until the next day before it is 
supplied, that it may lose pari of its moisture, 
otherwise hoven [see page 2623] may follow, 
especially when this form of feeding is commenced 
and when the food is young and succulent. 

Necessity for Keeping Records. The 
system of recording the milk yield of each 
cow should be followed on eve^ farm. There 
is no other method of ascci’taining her intrinsic 
milk value. As the milk is drawn from each 
animal the pail should be placed upon a scale, 
the net weight ascertained, and marked on tho 
record sheet on the wall. A glance at such a sheet 
daily will suffice to satisfy an owner, or to indi- 
cate when the yield suddenly falls off in a parti- 
cular case, whether the cow be in season or suffer- 
ing. Ibe practice of measuring is misleading, 
and should never be followed ; wei^t is the only 
certain factor, and, roughiy» a gallon may bo 
estimated as weighing 10 lb. 
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By P. G. 

*^HE history of the early Renaissance is 
* inseparably connected Avith the history of 
Florentine art. It is, indeed, diilicult to follow 
the evolution of the revival in the three sister 
arts separately, since the giant minds of tiiat 
|)eriod did not restrict tlieir colossal' activity 
to a single sphere, and mastered the terms of 
many arts. We have already seen how (liotto 
achieved greatness in painting, siailpture, and 
architecture. Others there were in the liflecnth 
and sixteenth (rt’inluries who were goldsmiths 
and sculptors and painters ; there wns lu) srl 
that Michelangelo did not master, and Leonardo 
da Vinci combined the functions of military 
engineer, musician, poet, witcr of scientilic 
treatises, and stage manager of glorious siiec- 
taoles with those of })ainter, sculptor, and arclii- 
tect. There was a constant interchange of ideas, 
and each art left its mark on the sister arts ; each 
step forward in the one was jcflectcd by the 
others. 

The Renaissance House, In archi- 
tecture, the ideal form of the jirivate dwelling 
was the greatest achievement of the Renaissance, 
and of Filipino Brunelleschi (1377 to its 

creator. Tlie Gothic liouso was a kind of 
miniature fortress, with a narrow, high Htr<‘ct 
front, as few apertures as possible, and narrow, 
irregular passages, rooms, and winding stairs. 
With the growing wealth and luxury of Florenc<% 
and increased security of life, a now type of 
building had to be evolve<l, a palace that should 
express the new conditions, the wealth an<l 
power and taste of the merchant jirinccs avIio 
ruled the city. »S])aciousncss, cornfoi t, air and 
light were the primary consideratious whii*h 
led to the adoption of a wahi tslivct front, dearly 
articulated but not ovcr-dcc.orati^d, a spacious 
ground plan with only few storeys and suites 
of large well-lighted rooms. The hcauty of 
the fti^ade is based on noble proportions, on 
the relation of the massive “ rustica masonry — 
composed of rough-hewn blocks tinished oti 
only at the joints — to the window openings, 
which are generally divided liy columns or 
mullions, and the classic cornice or att ic;. 

The most striking feature of the Florentine 
palace is the handsome inner court suiToundcd 
by slender colonnades, which are sometinws 
arrai^ed in two tiers. The charm of the facade 
lies in the play of light and shade of the strong 
southern ^ on tlio roughly hewn masonry, 
the arches and pilasters of the windows, and 
the boldly jutting cornice. Brunelleschi’s Fitti 
Palace [70X Michelozzo’s Riccardi ^^alace, and the 
wonderfoUy impressive Palazzo Strozzi [68J, the 
plan of which is, with little show of reason, 
attributed to the sculptor Benedetto da Majano, 
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are the uoldc‘st instanci'S of the RcnaiHsanco 
Palace, not only in Florence, but in the whole 
■world. Ill Venice, the Palaz/o Vendramin, 
graceful in form and res])Iendi‘nt in coloured 
marble easing, sliows the adaptation of Venetian 
d(‘coral!vc dtuMCi's to the style born in Florence ; 
vvlnlst, if W(i turn from secular to ecclesiastic 
arehitectiirf', in tlic fai^^adc of the Gertosa di 
Pavia, begun in 1473 by Ambrogio Borgognone, 
with its wealth of marble incrustation, reliefs, 
nich(‘s, statues and medallions, the dignity of 
the style has gfven -way tt) playful exuberance. 

Churches. The great Cathedral of 
Florence, wliich had und(‘rgone many moditiea- 
tions in tlie two centuries of its building, reeeiv<‘d 
its imposing cupola by Brunelleschi, who thus 
solved a ))roblem whicli had baulked the efforts 
of all his i)n^d(a*(‘KS()rH ; but in spite of this 
dome it remains in its essential features a 
(h)thio building. TIk^ (‘hurclies of 8. Lorenzo 
and S. Spirito, and tlu^ graceful Pazzi Chapel, 
are the three most important Renaissance 
eliurehes built by tliis master. Alberti, the 
designer of lh(‘ fa<;ade of 8. ^laria Novella, in 
Florence, and the inventor of tlie volutes masking 
on the exterior tiu^ junction of the nave and 
th(^ lower aisK‘S, went furtlua’ than Brunelleschi 
in his adlierenco to tlu^ classic ord(‘i*s ; ho lacked 
the other master’s inv(‘ntivo genius and sensi^ 
of elegant proportions, and tri(‘d to make all 
areJiitectiiral forms lit in with his favoiirito 
1 h(‘ori('H. 

Jn tlu^ sixteenth (jontury tlic powerful and 
liberal jiatronagi? of tho Popes attracted tho 
It'.ading artists of tho whole of Italy, and made 
Rome the centre of artistic, activity. Here, on 
( lassie soil, arclnt(‘ets wei’o <‘nal)Ied to study 
th<? ruins of antifiuity and to forrnulab^ tlieir 
knowledge into a scienlitic system. True (*nougli, 
tho classic foims continued to bo a iiku’o outer 
garment which clothed tlic buildings that w<to 
adapted to modiMn rccphnmicnts, but th<‘y w<'ro 
applied with In^tter understanding of their 
functions, Avith increased sureness and [unity. 
In the palaces tlui store ^ys wmo clearly dividend 
by cornices, the Avindows Iramed by pilastiTS 
and surmounted by triungiiiar or curv('d jauli- 
ments of purely classic ])roportion. As regards 
tho use of the “ orders,” the superimposed 
storeys led tho ey(.‘ from tho heavier Doric, 
through the Ionic, to th(i graceful Corinthian. 
In church architecture the mighty dome, in 
(conjunction Avitli a harivl-vaulUcd nave, became 
the lirmly established typo of the later Ro 
naissance. 

Masters of the Renaissance. Bra- 
mante, who has left much of his (‘arly work 
in and around Milan, played in Rome tho same 
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part that Brunelleschi had played in Florence. 
He is the initiator of the second period, the 
fii-st of the many Imildei-s who helped in the 
«'rection of St. Peter's, ainl tlie iurcdiitect of the 
beautiful CancelhM’ia [67] and Giraud Palaces. The 
great Raphael’s chief building is the Palazzo 
PandoUini, in Flonmco, \\here the alternating 

triangular jind seinicir- 

cular ]H^dimi‘nts over the 
windows are introdue(Ml 
for the iirst time. 

Antonio da Sangallo, tlu* 
builder of the Fiunes<‘ 

Palace in Kona* ; Bal- 
dassiwe Peruzzi, the. secnie 
of who.s<* captivity was 
Siena ; Giiilio Roniiuio, 
who worked in ^lantua ; 

Sansovino, th(‘ designer 
of the library of S. 

Miu’co and of tlu^ Zeeea. 
or Mint, in Vemiet*, are 
among the hniding mas- 
ters of the late Renais- 
sanec wliieh (nilminated 
in the work of jMieheU 07 ^ the CANcmiE 

angelo. In liis striving 

tor a grand gemn’al elTect, without much coneerii 
with detail, he introduced the germ of the lawless- 
ness which set in after his death and led to tln^ 
exaggerated forms of the Biu'oqiie style. Tin' 
gigantic <;upola of St. IVter's in Rome ( 66 ), ami 
the Medici CliajK^l in Florenco are his most 
famous architectural works. 

Sculpture, fn sculpture, as in architec- 
ture, Florence was the centre of the early 
Renaissance, but chronologically a Sienese 
master, Jacopo della QiK'roia, stands betwe(‘i\ 
iho Gothic Orcagna and tlie first great sculptor 
of the n(;w' <‘poeh, (Jhi- 
berti. Though in in.any 
ways .sliU addicted to 
(h)thie iiianm*rism.s, 

Jacopo is, in his bold- 
ness of vision iind 
vigorous treatnuaii of 
the hunwi form, a true 
child of the Rimaissanco, 
and stcwids nearer to 
Michelangelo than any 
of the intervening Flo- 
rentines. GhilxTti’s 

greatest work is the 
gates of the Baptistery 
in Florence [69/:/], of 
which Michelangelo said 
that they WTie w^ortliy 
to be the gates of Par a- 

disc. In comparing strozzi 

thorn with Androa stboz,/,i 

Pisano’s, one is immediately struck by tlw 3 
inimitable sense of iK'auty that pervades the 
later artist’s w'ork ; the exquisite finish which 
betrays the golds ruitb’s training ; the wonderful 
grouping of the figures in receding planes, and 
the corresponding variations in the relief treat- 
ment, from the foreground figures, which stand 
forth in their full fouitdiicss, to those in the far 
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background, wliich are indicated by scarcely 
more than a few lines. In fact, Ghiberti was 
the first sculptor who made use of linear per- 
spective in relief work, and his work is almost 
pictorial in character. 

Greatest Sculptor of the Renaissance. 

Donatello is acknowledged to be the greate-st, as 
he w'as the most produc- 
tive, sculptor of the 
Renaissjinco. He lacked, 
perhaps, the pure sense 
of beauty of Ghiberti, 
hut there is in his w'ork 
something greater than 
formal beauty — the 
beauty ot eliai'actei*. 

wliieli renders tlu; very 
lijirshness fascinating, 
Fveiything lu^ wrought, 
in marble or in bronze, 
is full of expr<‘ssion and 
lift', character and mov'c- 
menl. (Set^ 29, pagt' 

1511.1 And liis leaning 
towards extreme realism 
JA PAi.ACK, ROME was ttunjicicd by Iris 

kiiowlt'dge and love f)f 
the antitpie. TTt' worked from the living model, 
but had bt'foi*c Iris mind's eye the masterpieces 
of classic art. ’fhis is espt'cially apparent in 
liis bnmze ‘‘ David ” at the Bargello, in Floreiure 
[69.4], the first nude bronze of modern times. 
Ther’o is nothing It'ss than classic bt'auty in the 
graceful, well-balanced attitude and the w'ell- 
shafxrd legs, whilst the thin, angular arms are 
copied from the living model. And yet the figure 
is (piite h()rnt)gt'nt50iis ; it has the thrill of life, and 
in its very deviations from the classic ideal 
conveys the idea of the immature shepherd 

youth and giant-killer. 

And Donatello ap- 
proached every success- 
sive task in the same 
objective spirit, dealt 
with eardi on its own 
merits, infus(^d pulsing, 
throbbing life into cold 
stone or bronze. liis 
“ Gattainelata,” in 
Padua [692?], is the first 
equestrian statue since 
classic! times, and has 
never been surpasssed in 
impressiv^eness and 
dignity save by Verroc- 
chio’s “ Oolleoni ” [81, 
page 1074] in Venice. 
[See 69F.] 
fu)ren'ce""" third Kioat master 

sculptor of the early Re- 
naissance was Luca della Robbia, the founder of 
a whole dynasty of w'oi’kers in glazed terra-cotta, 
and at the same time one of the leading sculptors 
in marble. Of all the early Renaissance sculptors, 
Luca w as the one that came nearest to the Greek 
spirit of calm toenity, though in subject matUrr 
he was further from the antique than any of his 
contemporaries. Motherly love and tenderness 
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A, Daxid,” by Donatello I). ** Oattaindata,’' by Donatello C, Tomb of I^ireiizo do Medici, by Mtehelutiprolo 

JO, Reueffrom Luca della Robbia's** Cantoria'’ E. Panel from GhilH!rti’s“ Gate of Haptistery’* F. Donatello's “.St. Georj^e” 
Photos by (A) Altnari, {H, C, Daud F) Andtrson, (ii) liroat 
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and happiness wore his favourites themes, and or limbs, for the sake of accent aiifl increased 

have perhaps never found more beautiful expres- impressiveness. At the same time he knew, 

sion in plastic art. Of his marbit* w'orks the most like no other mast(‘r, how to vary the texture of 

famous is the singing gallery, in Flonmee [69y>]. tli(‘ surfaces to secure the de.sireil effects of light 

Donatello was followecl by a whole school of and shad<\ The tombs of Lorenzo f69f7J tmd 

great marble workers wlie d<^voled themsc'lves Oiuliano de Medici, with tlu* attendant iigures 

chiefly to tomb monuments and portraiture. of “ Niglit and Day,” “ Dawm and Twilight,” 

The tomb of the j)eriod was generally (‘onceived mark the Jieight of his achievement, 

in the form of a recumbent figure of the dcjid on Betwe<‘U the eaily Renaissance and Michel- 
a sarcophagus in a niche, the archit4H;turaI angelo stands Ajidrca Sansovino, the creator 

setting being in p(nf<H;t harmony with the ))urely of the (..-ardiual Sforza tomb at S. Maria del 

S(5ulpturod iiart, and ri(*lily' decorated. Desi- Dopolo, in Jtomc, a monument which shows 

derio da Settignano, Mitio da Fiesole, Rosseliino, Andrea's eon\})lete mastery of classic f<wms, 

Benedetto da Majano, and Follajuolo must )»e though the saicophagus with tlu* recumbent figure 

mentioned among tlie leading masters of the is overwhelmetl by tlu^ areluieetuial s(*tting and 

fifteenth century. Verroeehio, who excelled subsidiary figures. His ])upil, Jacopo Sansovino, 

ill bronze woik, and is tlu' creator of tJie has lidt many beautiful works in Vtmico. Of 

world’s greatest equestrian statue — the ^Jolleoiii tlu^ other mast^us of the period only (liovmini 

monument in Venice —has left eomjiaratively da Bologna a-ud Benvenuto (.’(‘llini did not 

few works, but exta’cised an enormous influeiiee succumb to the influence of Michelangelo, 

as a ten,cher. Leonardo de Vinci was one of his which proved baneful to all others w'lio succc(‘ded 

pupils, and the first suggestion of the enigmatic. him, and eoutent(?d themselves with turning his 

type of face, which is always assoeiatt'd with style into mannerism by absurd t^.vaggeration of 

Leonardo’s ivork, can be found in Verrocchio'.s distorted proportions. Jhiceio Bandim^lli is the 

bronze David” at the Bargello, in Florence. typical sculjitor of this period of decline. 

Michelangelo. Sixteenth century sculpture (Giovanni da Bologna’s bronze “Mercury,” 
is overtowered by the mighty genius of Michel- with its fine expres.sion of swift upward move- 

angeln, whose work is tin* embodiment of the merit and its brilliant adaptation of the modelling 

highest ideals of the late Ronaissjiriee. To tlio to llic material, is the work by which this master 

close of his earlier period belongs his colossal w'ill be be.st rememben^d, whilst Benvenuto 

“ David.” that woiuhuful figure of a youthful Ollini, the sculptor goldsmith, wliose chief fault 

well-proportioned giant, which the master was that he treat;t'd inonum(*nial sculpture in 

chiselled out of a spoilt block of marble. the .spirit of the goldsmith, and his goldsmith 

fn his later work Micfielang(‘lo to a (certain work in that of tiie sculptor, has left the world 

extern t broke away from the Greek ideal, as hr‘ tlie famous “ Perseus ” in the Loggia de’ Lanzi, 

had broken away from everything that had in Florence. 

gone beforti him, to find an adequate expression A special branch of sculpture, which reached its 
for his passionate spirit. As a poet for the higlujst development in the early days of the 

sake of emphasis i.s allown'd to change the Renaissance, is the art of the medallist. Vittore 

natural proportion of s^>ecch, so Michelangelo Pisano, who flourished in Northern Italy in 

in sculpture departed from strict truth to the early fifteenth century, was the first great 

nature, exaggerating ertain actions or muscles medallist, and remained unsurpassed. 

Continued 
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FOREIGN BILLS AND EXCHANGES CLERKSHIP 

Consignments Inward and Outward. Mutual Indebtedness of Countries. 26 

Par and Course of Exchangfe. Gold Movements. Bill Market , 


By J. F. a PRICE 


IT id now more than three years since the atten- 
tion of the people in the United Kingdom 
wsts particularly drawn to the whole question 
of our trade with foreign countries. This is not 
the place in which tt) enter into a discussion 
of the merits of the two fiscal systems which 
for some time were argued by leading men on 
both sides, but if the raising of the subject 
has had the effect of making our manu- 
facturers and merchants alive to some of the* 
defects in their methods of conducting their 
foreign trade a great deal will have been 
accomplished. 

Imports and Exports. The importance 
of the subject is not likely to be under- 
estimated, but it may be mentioned that in IIIO.") 
our foreign trade amounted to of 

which £565,000, 0(X) represented imports and 
£408,000,000 exjiorts. The differcniio in value 
between the imports and exports is known as 
the balance of trad(% and it was formerly lield 
that in order that a country should be in a 
prosperous condition the exports slioukl always 
exceed the imports. This idea no longer holds 
the field in its original shape, attention being 
now directed mon? to the nature of the articlt^s 
making up the total than to the totals 1 hem- 
sol ves—f.o., whether they consist of raw or 
manufactured goods. Considiuations of spacer 
forbid a lengthy explanation of the methods of 
conducting the foreign trad(3 of the (iountry 
generally, and our purposii here is to deal wit h 
the matter from the view of accounts. 

There are three principal rndliods of .selling 
goods — viz.^ direct, at auction, and on com- 
misBion. The method with which we shall now 
deal is the one last mentioned, since the first 
has already been the subjei^t of our various 
examples hitherto, and the second is really 
covered by the others. Most of the goods ex- 
ported by our merchants an? in t;xccution of 
orders received from abroad — i.e., they are sold 
before they leave this country ; but other trans- 
actions are entered into where no sale has 
taken place before the goods are i?xportod, and 
where the object in sending them is to endeavour 
to find a buyer in the placi' to whi(;li they are 
sent. Tho goods are despatijhed to can agimt in 
the town or country in which the merchant hopi^s 
to find a market for them, aiTangeincnts having 
first been made with tho agent as to tho terms 
upon which ho will act. These terms are gener- 
ally reimbursement of his out-of-pocket expenses, 
and a commission by way of a p<Tccntagt5 upon 
the selling price of the goods. 

Consignments Outward. The goods 
^nt out Jby a merchant in this manner are termed 
in his books a conaignmerU outward^ while the 


sanu? goods are rof(?rred to in the books of 
the agent who receives them as a cnmtigyiment 
inimrd. Tho merchant, who is known as the 
comigm)t\ keeps an account in his books of tho 
cost- of the consignment, both as regards tho 
price of tho goods and tho expenses incurred, 
ifo docs this because? Iio desires to know tin? 
outcome of each consignment, whether it results 
in a profit or a loss, so that ho can form an 
opinion whether it would bo advisable to send 
further consignments to the same place or to the? 
saint? agent. When a largo consignment business 
is done a spt?cial book is kept in which to record 
all goods sent out in tliis way. The book is 
tr(?ak?d in tin* s.irne manmT as a sales briok, tlu? 
entries in it Inung posted periodically to tlu* 
ledger. When then? is only an occasional trans- 
actiou of tho kind the entry can bo pass(?d 
through tlu' journal, dcibiting tbt? tonsignnituit 
account and crediting goods account. 

Consignment Accounts. A ledger 
account is rctpiircd for each consignment, to 
record the sopara tt? results as well as the net result 
of tho whole. Tlie eonsignmeiits are, therefore, 
numbered or given tlislinguishing titles according 
to either tho place to which they are sent or tlu? 
eonsigncc?’s name. If accounts of consignments 
outward are distinguished by the names of th(‘ 
consignees it must lio borne in mind that they 
are mer(?ly subsidiary goods aiTounts and not 
jiersonal accounts upon which tlic consignco.s are 
liable. 1’he first (uitry on the account is on the 
debit side, and consists of the prict? of tlio goods. 
As payments an? mad(? in connection with tho 
consignment, the mcount is dcbit(?d and cash 
credited. Any liability incurred in connection 
with it is debited to tho account and credited 
to tho person or linn to whom tlu? amount of 
the liability is duo. 

A fro jornni invoice is made out and sent to 
tilt? agent, with instructions as to the minimum 
price at which he is to sell. If he is suc-cessful 
in his efforts and disposes of tlu? consignment, 
he prepares and forwards to tlu? (Consignor a 
statement called an Arrount Sales. This shows 
iJic gross amount realised, details of his expenses 
aJid commission, and tlu? net amount due to tho 
consignor. This amount lie r(;mits to him in the 
manner dealt with later. 

Tlu? (consignor enters tJie amount of the net 
proceeds as shown by the account sales on the 
credit side of tho consignment account, the 
balance on which will then represent his jirolib 
or loss on the venture. 'I'lu? reason for this is 
that tile total cost, both in goods and expenses, 
will appear on the debit side, and the net amount 
realised on the other. The difference is, natu rally, 
the gain or loss. 
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The consignee terms the goods a cnmigntnent 
inward. If he acts as agent for a number of 
merchants, or has many consignments from 
one merchant, he keeps a special book in which 
ho records particulars of all goods so reccivt^d. 
This record will usually bo merely a memoran- 
dum, and no entry will be made in a book of 
account upon the receipt of the consignment. 
The reason for this is that. t.h(^ goods do not, on the 
one hand, bf^long to the consignee, and tlicrcfore 
cannot, be debited to the goods account ; while, on 
the other, tht' consignor is not his cri'ditor for the 
value of tlu^ goods, since the consignee has not 
bought them and is not liable for the ])ricc\ 
Ho is only lesponsibh^ for their safe eiistody 
and for the ju’occ'cds if he elh'cis a sale. If he 
is not siiceessful in this hi' can n turn the goods. 
As a rule, thc^n, no account, is of)cn('d l>v a. con- 
signee when h(’ rceeiv(?s goods on consignimud, 
but as soon as li<‘ pays anything oi- incurs any 
liability in respi^ t of it hv r(‘cords the fact 
in his account books. He dot's this by opening 
an account in his ledg(‘r in the nanii' of the con- 
signor (not a consignnu'nt account, but a per- 
sonal account), and debits the amount paid or 
the liability ineurred. The hnisou for this is that 
the amount is due from a definite person, and 
ho naturally debits that, person and not an 
impersonal account. At the sanu' time, lu^ 
credits cash or the [)erson to whom the amount, 
is duo. 

When a sale is effect cd the eonsiguc(' del)its 
the person to whom the goods have been sold 
and credits the consignor, because the amount 
then becomes dui^ to the latter, subject to the 
payments or charges which may have b(*cn 
mode on his account. The consignee' tlicn tuil- 
(’ulates his commission and debits the amount 
to the consignor, who, of course, is liable to pay 
it. The balance on the consignor's account 
will then represent the amount due to liim, since 


ho has been debited on one side with all pay- 
ments made or oxi)ense8 incurred on his behalf 
and with the agreed commission, while he has 
boon credited, on the other side, with the gross 
proceeds of tlie goods. The consignee then 
remits the balance due, usually by a bill of 
exchange, and the method by which he does 
so is explained later. When the purchaser of 
the goods pays for tliem, cash is. of course, 
debited and the payer credited. This will close 
the transaction in the consignee’s books. 

For the ])iirpose of making the course and 
rt'sult of th(‘ oi)erations clear to the mind of 
1h(' student, a serit's of transactions will be dealt 
Avith and the It'dger accounts shown in tho 
hooks of l)oth tlu' consignor and tho consigns. 
\V. brown, of London, ships to J. Bonhomme, 
of Bordeau.v, ten halt's of 400 yards each of 
cotton goods at Sd. per yd. and ])ays £15 foi 
freight, £2 l.'ls. 4d. for insurance, and £(> 5s. 3d. 
for (avrtago aiud miscellaru'ous cluxrges. Bon- 
homme receives the gt)ods. and pays £3 for 
storage', £1 for insurance, £l0 hu* Customs duties 
and binding ehcirgcs, anti £3 for miseellaneons 
t'.\pens“.s. Ih' st'lls four halt's ait is. |K*r yd., 
aiiid tiu' oIIh'I' six at Is. O.hl. per yd. His 
commission is 2h per cent, tan the proceeds. 
Jhanhonifiie's payments aind t ninsactions, taking 
place in Ihuxh'iiu.x, ivill uiitunvlly he in French 
cnrrt'ncy, but for the sake of simplicity they 
iire given in the accounts in stc'i’ling. 

'rhey art', however, for the gtiidanee of the 
.student sliown in the aeeoimt sjiles tm the next 
paige in Frt'nch eiirreney just as they woultl 
iippeair in tlu' statement ais rt'iidercd by Bon- 
homme. It will he observed that the balance 
shown lay aiceount sailes to he due tta W. Brown 
is staitt'd therein both in Krtauh eurreney and in 
its British t'i|ui valient. 

The following woultl he the accounts in tho 
two letlgers : 


VV. HKOWN’S LKlXiKK 

Dr. CJoiisigninoiit to J. HoiiIkuhmu', (Ir. 

1005 
July 1 
„ 2 

Sept. 30 

1 

To (too<1.s .. ... .. i 13.3 a H 

,, (lasli, Oui'liigo, I'lc. . . ; a ia 3 
,, ,, h)sur»ua<M' | 2 13 4 

,, ,, . . .. 1 15 0 0 

,, Ni't Piofit traiisf<Tr«*(l to ■ 

I’rolit aiiul L<ass ;\c‘<-oimt | 25 12 3 

St'pt . G 

i 

I4y Hill for n<'t 

pioi-rt'ils a»s jH'r .^i/roiaiat 
Saat's 

18‘2 17 0 

(£1S2 17 (a 1 

1 . — 1 

i 

£JS2 17 6 




J. HOXIIO.MME’S LEIHIEK 

Dr. A/c of W. Browti Or. 

1006 
July 9 

To Casli, Duties & Landiug 

,, Storage . . 

., rnsiirnncc 

,, ,, Miscellaneous 

,, (Commission % 

,, Bill payable for bah 
aanco as per Account 
Sales . . 

10 0 0 

3 0 0 

1 0 0 

3 0 0 

6 2 6 

182 17 0 

July 31 
Aug. 31 

1 

By F. Martini, 4 bales @ Is. 

,, „ 0 halos @ 

Is. Old 

80 0 0 

126 0 0 

£206 0 ^ 

£20n 0 0 
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Foreign Exchanges. Tho words to- 
lating to the payment of the balance duo to the 
consignor, as shown on the account sales, biings 
118 to the general question of the foreign ex- 
changes.* llie consignee, being a Frenchman, 
naturally keeps his books in the curreiu'y of 
his own country, and rtMidcrs accountsi to his 
English consignor in the same way. ni(‘rely 
remitting the ultimate balance due in English 
money. Wo liav'e now to inquire how he docs 
this, and how he arrives at t^lSii 17s. (kl. as lu'ing 
a fair equivalent of 4,()0Sfr. I.“)c. He could, 
no doubt, have purchased English gold and 
silver coins to the amount he has to remit, but 
obviously this ivould be a clumsy and costly 
method of discharging the liability, atid is no 
more adopted in i>ractiee between foreign 
countries and England than it is bet w etui two 
towns in the same country. 

The remittiinct*. as stated in the aciaaint sales, 
is made by a bill of exchange, and the bill is ob- 
tained by the consignee iindiiig sunu'body in Ikn*- 
deaux who has a debt due to him from a ]MM*son 
in England and purchasing tlie riglil to r(‘C(‘iv(‘ 
payment of such debt. l..el us lain* a simnh* illns- 


value of French money as compared M'itli 
English is nu'asured by the 20-frane piece, 
which is of gold. Tlu‘ litieness of this coin — t.c., 
the proportion of ])ur(‘ gold in it, is nine ]mrts 
out of ten. 'riiere is thus a small dilTerenee in 
favour of the English currency in the jiroportion 
of pure gold in 1lu‘ coins of tlu‘ two <*ouutries ; 
and althougli it is trilling in om* coin it becomes 
of gr(‘al impoilance wlicn large amounts aiii 
involved, and has to be taktm into account 
wlu-n stating (juantity of French coins 

wliich an^ iiMjuired to make up the ^alue oi the 
lOnglish sov(‘r(Mgu. 

A furtlier point which lias to b<* taken into 
consideration in fixing llu‘ relati\(* valiu's is 
th<‘ dilTerenee in tlu' weight of the soNircigii 
and of th(^ ‘20 - franc ])iece. The sovi'reigu 
A\eigli.s 12.4 '27 gr., the 20-frane piece OO’oti gr. 
Oliviously, then, we shall reqiiin? mort* (lian 
‘20 francs for one sovereign, ami after taking 
both weight and fineness into eonsidmatioii, 
it is found that llic English ])ound is equal 
to ‘J.-) *2*210 francs, or, roughly, ‘Jofr. ‘2*2 c. iiiis 
is known as tlio par of cxcIkukiv hdwciai Franco 
and England, and is the basis upon which 


1 ACCOUNT 

SALKS OF 10 BALKS OFCdTTOX SOLI) I'OK ACCOU.N'T OF W. BROWN, OF L0\0()\ | 




Per ol 

Fr. 

C. 

1 I’r. 

c. 

I-IO 

4 

Bak's A*iir<ls Kf ,, ,, ,, ,, 

1 . ‘20 



, 2.010 



6 

„ 2, ton „ (a>, 

I.rni 



• 0, 17)0 



• 
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2r.2 
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tration to see how' thi.-i is hrouglil ahoiit, and how 
the indebtedness of two persons to two otlu-rs, 
on jierhaps iiiaiu transactions, can Ik* sctikal 
by one payimuit. A in iJonh aux buys goods 
from B in London, while F in l.onduii buys gooiL 
from D in Bemlcaux. We will assiiiue that 
the amount is the same in both e:ises. J) draws 
a bill upon (■ for the amount the latter owi*s 
him. A bo(;omos aware of this- and buy- the 
bill from 1) for its fair equivalent in Krtuieh 
money. Having obtaineel the bill he s( nds 
it to B in London, x^lio presents it to (', and in 
duo course receives ]>ayjucnt from him. 

Par of Exchange. Wo now <‘omc to 
the questiem of what is a fair ajiifuint in Fn nch 
money to pay for a given amount of English 
money. To obtain the answer we nni.'^t know 
the state of tlie currency of each country, what 
is its standard coin and of what metal it is 
compoar?d. In England, of course, tlic .<»tandard 
coin is the gold sovereign. It contains a certain 
quantity of* alloy for hardening purposes, the 
proportion of pure gold in the sovereign lieing 
eleven parts in twelve. In France tlu* standard 
coin is the franc, but as this is a silver coin the 


settlements of account liclwccn the t wo comitiics 
lak(; filai'C. 

But although it is tlic basis, then* arc many 
if)nsi(U‘ralions which h(‘lp to raise or Jowm’ 
the rate. Owing to tin* \ory eonsideral.ile trade 
between England and France, then* are always 
tliousands oi debts outstanding between /he 
trailers in the two coiintri(*s Avhicli liave to Ik; 
s<-ttk*d in soriH* Avay. This mutual irideliledia ss 
is made the uumus of satisfying the claims ou 
both sid<‘s Avithout any coin jia.ssiiig to and fro. 
Of course, it Jiajqicns tliat gold is iuqu»rtcd 
from or expoited to Franci* as av(;11 as other 
countries, but the ipjantity’ bears no ivlutiiMi 
to the volume of trade l)etwe<*n tho.se eouritries 
;iml England, 'riu'ro being, thus, many p(‘0])lc 
in Fnglaiid indebted to others in Frauee, while 
there are jieople in France indebted to othms 
in EnglamI, it is clear tliat if a transfer of the 
d<‘hts could he arranged so that the English 
di'btor.s could ]>ay the English eri‘ditors, Avhilo 
the Frcncli liabilities^ were discharged in a 
similar manner, an immense saving of trouble 
and expense would be brought about, while the 
claims on both sides aa^ouUI Ik* satisfied. This 
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i«, in effect, exactly what takes place, and 
the means by which it is effected are bills of 
exchange. 

Foreign Bills. For practical purposes 
foreign bills of exchange arc treated as a com- 
modity, and there is a regular market in tlumi 
as in other articles of commerce. The dealers 
in this market arc known as hill brokers^ and 
they miike it their biisines.s to buy and sell 
bills drawn on jx'rsons in this country by creditors 
in other countries, and vice versa. If, therefore, 
a pi^rson in London desires to satisfy a debt to 
another in J'aris oi’ Berlin, lie approacOies a bill 
broker and ascertains the jirice be will have to 
pay for a bill for the amount he requires. The 
principal bill brokers, bankers, and mereha-nts 
moot twice a wcjek at the l^oyal Kxehango and 
fix the rates for bills on the various (^ountrit's. 
The basis of the rate is. as stated aljove, the par 
of exchange ; but there fire many causes operat- 
ing to affect the market rate. 'Pile principal 
f)f these is the condition of trade between the 
two countries. If there is, on balance, a con- 
siderable indebtedness from England to another 
coiintiy, there will ncces.sari1y be a strong 
ilemand in London for bills payable in tliat 
country, and the prices of bills of exchange, 
like those of other commodities, are affecti^d 
by the laws of sufiply and demtuid. The result 
wdll bo that the English trader will have to 
pay a premium for the bill he requires, but the 
premium will bo stated in such a w^ay as to 
somowhfit confuse the student in the absence 
of explanation. 

The par of cxeluinge between London and 
Paris is, as stated above, fr. (\ for £1. Th(^ 
rate is said to bt? above ])5ir in London wium 
the exchange is quoted below 25 '2*2, the reason 
being that in exchange for a sovereign it will be 
possible to obtain only, say, 25 fr. 15 e.. and thus, 
to disc}iarg(5 /in indebtediK'ss in French money 
a lughi'i* price tluin the actual mint value will 
ha^'o to be paid hi Eiigli.sli eiirreney. 

Gold Points. But therei are certain points 
above or below whieli the rates with otlier 
coiintrie.s do not rise or f/ill. Thest' fire knowm 
as the gold points^ and iiidieati* the i*fites tii 
which it would be more ]>rofit<ible to import or 
export gold coin or bullion to disekavge debts 
r/uhor th/iii buy bills at prices outside those 
limits. TJic gold points dejieiid U])on llie cost 
of transmitting the gold, plus insurance and 
other expens('s, and the miiigin,' therefore, 
varies according to distance and other circum- 
.stances. In the case of London and Pfiris, the 
point at which it would pay to export gold to 
France i.s 25*12.1 — i.e., if it were found that the 
price of bills was 25 fr. 10 e. a mercliant could send 
bullion cheaper than ho could obtain bills. The 
importing point is 25 fr. 33 c., so that a mcndiant 
in Fails w'^ould send gold to England if bills on 
London Avere above that rate. Although these 
are theoretically the paints of gold movGment.s, 
it might not folloAv that gold would bo trans- 
ferred if the rates of exchange exceeded these 
limits, for the cost of transmission fluctuates 
slightly, and might do so sufliciently to prevent 
shipment. 
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Foreign Bill • Procedure. The pro- 
cedure wij/h regard t-o foreign bills of exchange 
differs from that in the case of inland bills. Tlxe 
form of the bill is different, and, as a rule, the 
w'ording is as follow'S : 

London, Jvly , 1906 . 
Exchange for Fes. 7,550. 

At three morUhs after sight of this 
first of exchange (second and third 
unpaid) pay to the order of M. 
Jules Perier seven thousand five 
hundred arid fifty francs and place 
same to our account as advised. 

Williams, Jenkin.s & Co. 
M. F. Chardenal, Marsdlles. 

Foreign bills are drawm in th<^ currency of the 
country of tlie drawee, and aie prep/ired in sots 
of throe. Tlie thret‘ parts are in identical terms, 
exc(‘pt that (uich is expresst^d to be payable 
only ill the event of the others being unjiaid. 
'riu^ chief reason for drawing the bills in sets 
was origirifiUy with a view* to their reaching 
their destination safely, and that is one reason 
why tliey ai*(? si ill so drawn. Another reason is 
the hicility whicdi tlu' method affords for negoti- 
/ding the bill. The drawer, a merchant carrying 
on busiuciss, say, in Bombay, draws on his debtor 
in London, and si'iids ov(‘r two ptirts of the bill for 
ace(‘pt -MIC*; by different mails. He keeps t he third, 
and if he finds subs(‘qu(‘iitly that it w*ould be of 
advantage to him to have o/vsh immediately, 
he tak<‘s the l)ill to his banker, and discounts it 
with him, <‘ridorsing it in the usual way. The 
bfinkei- then sends tlu* endorsed part, whieh, of 
course, htis not been aee(‘pte(l, to his agimt in 
London, who obtains om* of the other parts from 
the (Ira was; duly fiecepled. The accepted and 
endorst'd p.uts tlum form fi complete bill, and 
will be collected when due. I’Jkj drawee must be 
careful not to acecqit mori‘ tlifin one })art, for if 
In* should do so, find both {na eplod p/irts got into 
the hands of hol(h*rs for value, he w*ould have to 
j)ay both. 

Frequentlj^ when fi creditor in one country 
draws on his debtor in fuiotber, he sells the bill 
fis soon fis it is draw'n, and the name then inserted 
in the body of the bill as the ])fi.yee is that of the 
person who buys it — geinnally a banker or bill 
brokt*r. It will be ]>ereeived from this that foreign 
bills fire sold or discounted by the di’awors before 
they have been ficeepted. Tiiis is wdiat actually 
takes place in many cases, and bills frequently 
pas.s tlu’ough several hands before they are 
presented to the drawee for accexitance. 

Acceptance for Honour. In order to 
guard against the risk of the drawee refusing to 
accept the bill when it is presented to him for 
that purjiose, t he drawer or any subsequent holder 
may w^ito on the bill, ‘‘In case of need with 
Blank & Co.” This means that in case of the 
bill being dishonoured owing to its not being 
accepted by the drawee, the firm* named will 
accept the bill to pi*otcct the honour of the drawer 
or subsequent holder as the case may be. Before 
they will do eo, however, a form has to be gone 




CLKRKSHIP 


through, known a*^ protesting the. hill. This con- 
sists in the bill being formally j)rescntecl for 
’ ac(H'ptanco by an ofticor known as a Notaiy 
Public, who afterwards makes a dechiration in 
a staled form thal ho ha*^ done so. When a bill 
is accepted in this way it is known as an<nr('p^ 
anee for honour. 

The banker, or bill brokt'r, who l)uy.s a bill 
from the drawer treats it as part of liis stock- 
in-trade, and either holds it until maturity, 
or sells it before it is duo to somebody who 
Avishes to pay money in the ]>lace where the bill 
is payable. 

Payable After Sight. It will be c»bserve(l 
that the bill set out on last ])ag<i dir<‘ets j)ay- 
m'^nt three months after sight. This m(‘an< that 
the time mentioned in the bill \vill not begin 
to run until it has Ix'cn accepted or sighted by 
the drawee. Foreign bills are froqmuil ly drawn 
after sight rat her than after date, (uving to the 
time which elapses before tlu^ draw'oe rt‘c(‘iv'es 
them for aeeeptanec*. When this is the. (‘ase the 
lull is present i*d for aeceptama^ as soon as possible 
after it is drawn, and tlu^ dale it is aec«‘pted is 
included in the form of ms'cptance. 

To return to th(' transaction f)ut of which this 
short explaiiatif)n of the piinciples of foreign 
(‘xehanges and bills arose. We know that the 
course Ikmhomine would take w^ould lie to 


buy from liis banker in lk)r(l(‘.;,ux a bill on [..ondoii 
for th(‘ amount be has to remit, tlie price b(‘irig 
(uileulated at the rate of tlu' day. Having ul)- 
tained it, he sends it to ■Mr. Hiown, ulio will 
probably have to first obtain ivce])tan<e of it, 
and then either hold it till it matures or t*ls(* at 
once dis(’ount it. 

Bank Drafts. Another method of nuikiiig 
remit taiiees abroad is to jutrehase a bjuik draft, 
which is an order by a banker u])<»ii an a.g<*iit 
or a branch for tlu' p;i.yinciit of a stated sum of 
money to the person namofl in th<* draft. Tlu* 
drafts can be ttitule ])ayable either ;it oiiee or at 
a future time, but- in practice they are nearly 
a.lw\ays sight- drafts — i.e., payable at sight or 
on demand in just the same way as a eh(‘(pie. 
They are largely used w'^hen remit tanees of cash 
have to be made between count rie-s. 

English Iiouses wliich are doing a large 
business with a manufacturer or merclitint in 


a foreign country will fretpientJy ri?ceive the 
invoices of the goods they buy made out in 
the currency of the country. ‘ ^riie indebted- 
ness will, of <*oursc, ha\c to be discliarged to the 
full amount of the invoices. Wh<*n invoices are 
rtx'civetl in this form it is ncc(‘ssavy for the 
Fnglish houst‘ to kc*c]) the account witli the 
fortugn merchant in both sterling and tlic foreign 
(Mirrcni'V, tht‘ former in ortka* to bring the trans- 
actitm- iiit») line with lli(‘ other accounts of the 
business, tbt* latlt'r to know' cxa(‘tly how' they 
stand with the creditor, 'riu* uu'lliod adof>tcd is 
to fix a rate of exchange' at wbiclt all invoices 
received an* eemverted into sterlitig, the amounts 
b(‘ing show n si(l(‘ by side in the ledger accounts. 
Wluai remittances an* ma-tlc, dra.fls in the fon'ign 
currt'ucy a-rc ])urcln,scd a,t the ratt* of cxclut,ng(' 
of tin* day, and the cost in sterling and the amoiml 
of tlu* draft an* (‘iilered sick* by side on the debit, 
side. <vf the account. Finally, a draft is remitted 
f(u- tlu* diir(‘rt*nc(* shown by tlu* curr(*ney eolumns, 
w'hi<*U will then exa,ctly balanta*. 'Phis result will, 
however, prol)ably not be obtaiu(*d in the 
sterling columns, owing to the varying rates at 
wliieli tlu* drafts l\a.V(* b(*en purcliascd. The 
<lilTer(‘nt*(* on this column is treated as a protil 
or loss oti (*\'cli{uige, and is carried awa.y to tlie 
])ro(it. and loss a-ccount. 'riu* account given on 
this page shoAvs t he* working of this nu'tbod. 


'^riu* li\c(l iMt(* ■ulo])lcrl in this iiisla-iua* for 
<Muivt‘rt iiig tlu* flolla!’ into Fhiglish moiu*y is oOd. 
per dollar, aiul tlie invoici*s arc pcslcd in both 
currcru*i(‘s, a-s slu>w ii above. Kcmittii.nc«*s (d bank 
dra.fts oil Ikillinuua* waae m:i(k* on .li’nucry Sth 
and .‘list, and on February ’iSth. tlu'di afts bcin.C 
purcbas<‘d at diilVrrnl rat<‘s, as (jiu»t<‘(l in tin* 
account. Aftci* making tlu*s(* remittances, then* 
wa-s a balance of 257 dollars diu* to the American 
liiiu, tJu* enst of a draft ioi- wliich wais io.'J Is. 2(1. 
'riu* in.voic<*s h.aving b(’cn converted a,t a difVcrcul 
ial(* from lho.se at which the drafts were pur- 
cbas<*(l, tlu“r(‘ is n-i,turally a (lillcrciicc between 
the st(*rling columns, 'rhis, as stated above, is 
transfcrn‘(i to the profit ami loss account, and if 
llicn* an? many accounts with such dilb*rcnces on 
them, a special exchange* account is opciu*d, 
and the balance* thcn*(){ lransf(*rrcd to lire profit 
and leyss account at tlu* periodical balane*ing of 
the books. 
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THE FUNCTION OF THE LOOM 

Different Methods of Controlling Warp : Healds, the Jacquard, the Tippet, 
and the Dobby. Loose Reeds. Shuttle! ; Rising and Circular Shuttle-boxes 


By W. S. murphy 


IJAVJNG viewed the general struct lire of the 
loom, we now turn to the various parts 
with which the weaver manipulates the warp 
and weft. 

Tlio healds are those horizontal frames which 
carry the warp between thiun and form the'- shed ^ 
or opening for the passage of the weft shuttle. 
For oonvenience, healds are sometimes called 
lear>es. A plain web requires only two leaver. 
bc(?ause the one half of the !varp crosses the 
other in regular sequence. Whc'ii we consichT 
the putting-in of the web, the drawing- in of the 
threads will be reviewed. For our inesent 
purpose we take tlie loom as ready to work. 
Many plain looms are equipped with four healds. 
to lighten the weight of the warji ; Imt in this 
case, the pairs of lu^alds act as oiu*. The usual 
way is to put threads 1 and 2 through healds 1 
and 2, and threads and 4 through lu'alds and 4. 
Sometimes the ord^'r is altered and th'* threads 
are healded 1 and .‘1 and 2 
and 4 ; but the variation 
in the onbu’ does not 
matter very mucli, except 
for special reasons. Tt is 
very difl'creiit. however, 
when twills are to be 
woven. Say tliat we liave 
a four-end twill to ])ut on 
the loom, then we require 
four healds to divide up 
the warp, beeausi* the four 
sections of tlie wai’]i act 
ditferently. Tiie rule is that 
t‘V(‘ry thread in (!aeh heald 
must act in precisely the 
same way throughout the 
whole w^eb. Four ends 
may be easily followed ; 
but w4ien eiglit, ten, or 
twelve have to be dealt 
wuth, some eom])l(‘xity 
arises, w'liii^h only studious 
care can xuevcjit from causing confusion. It 
is obvious that the number of healds which 
a loom can carry is limited, and yet wv. 
dirsirc to ktHip the bounds of our variations 
as wide as possible. By means of ingenious 
devices and i>atient. labour, the hand loom 
weavers were able to produce marvellous 
varieties in colour and pattern ; to tliem 
every fresh web was a new problem. But 
in the factory w^e cannot proceed upon 
lines so uncertain. Up till the advent of the 
Jacquard apparatus into this country, fancy 
weaving was dom^ mostly on the hand loom ; 
but that wonderful contrivance changed the 
situation entirely, and opened a career for tho 
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jMHver loom far grander than ever the hand 
loom, with even the harness apparatus, could 
claim. 

Jacquard. This machiivi presents some 
difliindties to tho learner at tirst ; but, if taken 
in diitail, and each part noted with care, the 
whole should apju*av plain. Looking at the 
ja^'queard loom [169] wc s^'c that over tho face of 
the W'arp is spivad a m^‘sh of cords, which, at 
first sight, seem to balHe understanding ; but 
these are simply the Jicald cords stretched 
out and ajiplied in tliis way. As every lic^ild 
cord holds its own pirtieular thread, so these 
cords h ive eyelets which each hold a warp of 
thread. The cords converge, and 
each one is knotted on to what 
is eall(‘d a nock cord. Tlie neck 
cords are short, and loop round 
hooks coming down from above. 
4'iie Jiooks extend up within a 
square franu^ si^ated above all 
on tlie h(‘ad of the loom. In 
fl out of the frame and n^volving 
on a rectangular cylinder is a 
ni.iss of cards, ])iereed with holes 
y of patterns. At the 
re the cylinder brings 
a e'ir<l in front of 
the frame is a board 
})i(a’ced through liy a 
mass of needles, to 
the depth of a quarter 
of an inch. Noav look 
inside the frame [170J. 
At tho inner ex- 
tremity of the project- 
ing needles (B) is a box 
full of springs which 
allow the needles to 
give WMvto pressure, 
but send thmn back 
again as soon as the 
pressure is removed. 
In the middle the needlowS are joined to the 
hooks (A), wdiich, as we have seen, are 
attached to the cords looped round the warp 
threads. On the heads of the hooks are 
other hooks, which curve into a series of bars 
called tlu; yriffc (C). As the loom works, 
this griffe moves down and up, like the treadles 
of a common loom. If all the hooks were loft 
in place, the bars of the' griffe would lift them 
Aip bodily, and so elevate every thread of tho 
warp. We do not want anything of the sort. 
Clovemcd by an action of its own, the cylindc^r 
brings round the cards to the. needle boarcL 
and the cards press back those needles- which 
have no perforations opposite to them. Tlie 
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needles, being press^ back, send the hooks 
to which they are joined out of the way of tho 
griffe ; the grilfc, in its passage upwards, lifts 
only those hooks which the perforations of tlio 
cards have allowed to remain in position. 
These hooks pull up tho corresponding warp 
threads, and the shod designed is made. 

One needs little consideration to understand 
what a wonderful instrument tho jacquard lias 
placed in the designer’s liands. By its means 
we can manipulate every individual thread in 
tho warp in any Avay desired. TJui cards an? 
pierced according to design, one pcrfonitiou 
for every warp thread to bo call(‘d n 2 >. Some 
designs require as mnaiy as 20,000 cjirds. 

The Tappet, OUkt mothorls of luanipu- 
lating the warp have been d<iviscd. One of tlie 
earliest and simplest was tho tapprt motion, 
consisting of treadles, tappets, ja.ck-ltn ers, scpiaro 
sliafts, and half-mooji levers The ^^}lct‘l- 
shaped tappets move on the treadles, the ends 
of whic h are eonneeted with 


reeded the same, the funner would bo too thin, 
or the lattc'f would bo too thick. Reeds vary in 
closeness, some' having 10 and others as many as 
10 dents to the inch. TI\ickness of thread also 
has to he eonsidcrc'd in lecnling. All Ibis is a 
matter of ealeulation, however, easily arrived e.t 
by arithmetic*. 

Searching for ways of carrying out novel 
dc'signs, the di'signer lias hit on a metliod of 
utilising tlici reecl in the formation of crinkled 
cloths. Behind the rc'C'd, and (imc'd to act at the 
inoincnt when the rcc‘d is lu-ing tiirowii hack, a 
.sc*ric‘.s of little nippeis c'omc's uyi and grips on t\)a 
range of warp tlireads just foi* an instant, holding 
tliem back whiled their fc'llows go foiward. thus 
finlting a scaies of drawn threads through the* 
iahrie. Otln'i* small servic es are imposcal on the 
rec'd, but these are of minor value. 

Loose Reeds. Should the* shuttle^ hy any 
accident be turned from its course*, ;nKi tangle* 
in the warp, the coming of the rc'(*d will smash 
it thumgh the warp and c*aiisc 


the jack lc‘vers by long rods ; tfll fll ^ 

the jack-lovers move tho c c i 

square shafts ex- 
tending across tho ^ In 

loom, and set in 
motion tho half- 
nioon levers, which, 
tcing connected by 
cords with the 
hoalds, perform tho 

shedding motion. Fabric’s such a a A Aj 
as doeskins, cotton shirtings, | 

and tw^ills, requiring from four | 

to eight healds, can bo w^oven _ [ 

very well by tappets. F -jp‘ -r , 

The Dobby, Another | 
shedding machine w'orlhy of | 

note is that knowm as tho ! 

dobliy. Tho numerous forms | 

of this contrivaneo which have j 

been bronglit into use rondca* I ji 

detailed description of any one 
almost needless. But the prin- j 

eiplo is general. A seric's of U' U* ", 
Xiogs act on a set of blades, 
wdiich perform the same oftico 
for the j)air3 of lovers controlling the luNilds fn»m 
above and beJoAV as the needles of the jaccpiajd 
to tho wires. When tho [leg ymts a lever out of 
position, the heald is dqu’cssed : when the l)lad'‘ 
remains in position, tho heald is c’levated, ami 
with it, of course, tho w^ar^) it (‘ontrols. A modi- 
fication of the dobby is seen in tho velveteen 
loom [171], 

The Reed. Though nothing more tlian a 
series of flat wires set under the vslay, tho reed 
is not a simi)lo instrument. In the ijlain loom 
we have no more to do than ))iit two or thre«‘ 
or more threads from the healds through betw'c*en 
each pair of rec^d wirt»s, or in each deM, as llu^ 
opening betw'con the w'ires are named. But tin' 
moment wo begin to dejjart from the plainest of 
plain cloth our troubles with tho reed begin. 
Take two twills for example. Say one Hushes 
^wo enjds and two picks alternately, and tht^ otlu‘r 
.pushes Uiroe picks and three ends. If both were 


170. PlAcn;\M c>i- j.v< 


\ ^ ^ Hi damage*. To guard against this 
1^11 danger tln-re liave liccn S(*vcral 

II kinds of loose* ref*d in- 

mH vented. M’he best is th»* 
simpli'sl. Instead of living 
the* ri'ed solid in Ihc^ slay, 
the lowa*r side; is held hy 
a spring rlas]>, which 
tightens at the momc'nt of 
the stroke of tlu^ slay just 
sullicicnt to give the stroke*, 
and slack(‘ns so as to olTc'i* the 
least rc'sistance possible; to the* 
shuttle* at any otluT time\ For 

S i lu'avy goods, however, tin* 

I ordinary lix(‘d reed is best ; 

for light cloths the loose reed 
I I works very w e*ll. 
j Shuttles. Xumerous at- 

1 te*mpts have* heeii made; to 

I ! improve* ein the* e’ommoil lly- 

j j shuttle*, hut the* form has, in 

j the main, ke‘pt luudiange'd. It 

1 .' is true* (ha,t the* stilT woode*n 

])irn, with its scre*w', has give'U 

e>l- J.ve VUD 

e eui-'ejue*nt alte‘ratiim in the* m(*thod of sce uring 
it in the* shut tie. Some* shut tle‘S liave a syiring lid, 
e»th* rs le*t the; W(*ft eeiil freun the.* e entre* e)f the* 
ce)p ; but me)st have* nu*re*ly a pe*g at the <‘iid, 
wlie'ie the* se*n*W-])in nse'd te) he*, ^riie; chie*f 
]ire>pe*r(v e)f a shuttle* is that it will l<*t the; w<*tt 
('omi; away (*ftsily and lly sti’aight. In. these* 
t‘^>e*ntial ((ualities the* olel tbrm of shuttle <*.\ce‘ls 
all ejtlw*!’.-.. 

Shuttle-boxes. When the yieiwcr loom 
came* into ge‘ne;ral use*, the* first deinanel was tor 
a shuttlc-hoK which would change the* shuttlc.s 
auteunatically. Without the ability to change* the; 
shutih's swiftly. vari-(;e)loured weaving Avas an 
imj)osNil)ility. Kay the; younge*r had alre*ady 
shejwTi the* A\ay w ith his siiringing change shutth*- 
he)x, and subseque nt inventors took the hint.. 
Xe)W' wo liavo tw^o systems, or methods, for 
changing the shuttles. The; one is by what are 
called rising boxes, tho other is the rircular box, 
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By means of springs adjustable to the requirement 
of the design, the shuttle-boxes sit one above 
the other, and change places with marvellous 
rapidity. Before beginning to weave, the plan of 
the rising boxes is arranged on the jacquard 
}mnciple, so that eac?h shuttle comes uf) in turn, as 
needed by tht? pattern. On fancy (jloth anfl gauze 
loan\B, the six boxes are placed at botli ends of the 
lay, the 12 shuttles alTordiiig s))(‘cia! opportunity 
for fine weft cHTects. (/irciilar shuttle-lioxes move 
with less noise, and possess other points of merit. 
I'ho shuttle- boxes are lixt^d round a centre, the 
revolving motion being conveycxl through havers 
and cams acted on by the motions of the loom. 
When first introduced tlie eireular boxes eouUi 
be movexi in one direction f)nly, and in diiXH't 
succession. By a rearrangcunent of the gearing 
we have l)een enabled 
to turn the boxes in 
cither direction and in 
any order which may be 
desircHi, Suppose, for 
example, wc have 
six - shuttle 
circular box 
with three 
levers . pro- 
vided with. 
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forward and backward catches, each atluati'd 
by a cam of diftcrent size, so as to make the 
box turn one-sixth, one-third, or ono-lialf of a 
revolution, wc have the ])ovvcr to make th'^ 
shuttles t‘ome up in any oriler we })le:ise. The 
rest of the mechanism is too intricate to be 
shown at present. 

Letting Off and Taking On. We have 
now come to the oxtroinities of tfie loom — the 
warp and the web l)ea,ms. The relations between 
the two are vcTy intimate, though tiiey are as far 
ipart as possible. The warp must be let off in 
such measure as the taking up of the cloth 
beam requires. Not only so, but it should keet) 
the w’arp even and tension uniform. In their 
mutual relation, the cloth beam is the active 
and the warp beam the passive agent. It is Hie 

Continued 


former which draws. The^atter, therefore, needs 
little more than the means of holding back. As 
a rule, the warp beam is weighted, the weight 
being proportioned to the character of the cloth 
and various other circumstances which can hardly 
be defined in any theoretic way. 

Cloth Beam. The. management of the 
cloth beam is not so simple ; it must be regulated 
in a stringent fashion. Consider how many 
different variations the cloth beam has to meet. 
We may want to spread the weft over a wide 
surface?, varying the number of picks to the inch 
by 20 or more. Or it may lie that the cloth is to 
be heavy with weft. Then the weft may be thin or - 
thick, single or double. For every variation the 
cloth beam must have a certain rate of move- 
ment. This movement ir. dcjri ved from the action 
of the loom, aii<l the rate is deter- 
mined by a train of wheels which 
may bo changed eitluit in the 
direction of increase or decrease of 
speed. Two methods are used. 
The one is called the positive and 
the other the non-po,ntivejx\,o\ion. 
One is direct and the other in- 
direct. In the latter a lever with 
a pawl, and weighted, is driven for- 
ward with the motion of tho slay, 
so that the jiawl, or catch, pushes 
round the toothed 
wheel on tho end. 
of the cloth beam. 
Ae(‘ording as the 
weight is light or 
heavy, tho cloth 
bi^am yields loss or 
more to tho action 
of the slay. Here 
the thickness of tho 
thread will have a 
strong influoTU'e on 
tiio movement of 
cloth beam, be- 
cause*, the thicker 
tho thread tho 
harder tho drive. In 
weaving woollens, 
or elotiis in which 
“ ' tlie thickness of tho 

weft threads vary, 
tho non-positivo motion is distinctly advan- 
tageous. For cloths ill which the yams arc 
r(‘gular, the positive motion is to be preferred. 
The non-positive motion is merely a matter of 
adjusting the weight of tho lover by a rough guess 
or the skill born of experience ; tho positive 
motion can be regulated according to scientific 
calculation. As avc have said, tho positive motion 
is carried through a train of wheels. The first of 
the train takes its motion from tho loom, and 
the others are moved by it. If wo vary the 
number of teeth on the wheels which are driven, 
wo obtain a difference in tho rate of speed. Tho 
value of each wheel is measured by the number 
of teeth to tho circumference; bv combining 
these values we get tho speed at which the last 
wheel or the cloth beam is being driven. " 
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K terms fitting^ erecting, and assemhling de- 
note clistinet de{)artni('nts of sliop prartiee 
whioh follow the opoi'ations of tli<‘ turntM-y and 
machine shop. In each llu' individual art* 

built U]) into the relations which llu^y have to 
occupy permanently. Fitting sigiiilies the bring- 
ing tog<'ther of certain sections only, as tiu* pa.i 
of a cylinder, or the linlt niotions, or th(‘ eonmn l - 
ing rod ends, or a set of g(‘ars, etc., which have 
afterwards to he built into the complete engine or 
machine. Kn'cting and ass<‘ml)ling both d<‘iiotc 
the latter op(‘rations — th<' final eoinplelion «»f a 
f)iccc of mechanism all n'ady for service, lint 
there is a most i?nporlant dist inction hetwetai tie* 
two. Erecting signilits the hnilding up by means 
of mutuai adjustments of connections by tiling, 
scraping, rcamering, by methods of trial and 
tentativ<^ settings. Assembling ^Icnotes the 
bringing together of parts witliout any corrections 
or adjustments, similar machiiKHl pi(‘C(‘s being 
taken at random, and fitting at onc(‘ into their 
place in any similar ma.<*liine, being charact'a- 
istic of the interchangeable systcan ahnaxtly 
alluded to in our study of tlic turneiy and 
machine shop. These two methods have litth* 
in common. Erecting is tl\o older system, still 
unavoidahU^ in niassiva* constructions ; assembling 
is the mod(a'n. The t<auliaicy is to thesubstitut ion 
of this latter system for the older in tlie manu- 
facture of articles of small and medium <limcn- 


sions or a|)proximat(‘ only, fine lifting or cuar.s(‘, 
and that of soft or of hardtaied suifaces. In the 
construction of nnahanisms tlnao is a w ide held 
for all gratlcs of ^^orkman^hip. 

Chipping and Filing. In the, oldia* prar- 
iic<‘, ehip|)ing occupied a iniieh larger ]hace t)iau 
it does in the pres(a\l. It is ji roiigliingdow n opera- 
tion preliniinary to filing, and is aceoinplished 
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bj eutting small chips by liammia* blows <rnect(‘d 
on tin* head i>f the ci>hi cltisel. '^rhe chisel is doubly 
bevelled, and is madi* indilTenait widths, ratiging 
from ] in. in tlie r/ew cut, to in., or I m.. in the 
surfacing chisel, '^fhe cuts ar(‘ g(*nerally made to 
cross eacli other at various angl(‘s. If a largi* 
surface has to be d'>nt‘, the cross cut is us<'d to 


sions. The economics scenred tlv(‘tvl)y an‘ enor- 
mous. Hie system is indissolubly {issoci.'ited w ith 
that of gauging, ami, therefore, methods of 
measurement are an essential fi'ature of it - 
gauging involving absolute dimensions as ilis- 
tinguished from measurements involving inuln.il 
fitting and correetioii. 

Fitting. Narrowed down to its stri<vt m«*an- 
ing, this signifies the making i»f nuilual conl.v t 
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bet^^en parts^ the nature of whii’h contact 
varies. It may be 'that of plane or of curved 
stlrfac^s. Fitting also may be tight or free. It 
may, further, be something very exact to dimen- 


form a .scri(*s of grooves, lisiving inlcrmediat'* 
spaces to he dealt with more easily l>y the broad 
eiiis'‘l than if the whole of tlu‘ work wiui' done 
by this tool. (Miip|>ing must iievia* he dom* 
i-io^ely towards an (slge. as it might caus(' the 
metal to l)r('ak out, hut away fiom it, or in a 
diagonal direction. "I’he portable machine tools 
l»a\a* taken iiivich of this work, luMausi', wheu 
pi(M-es are loo m:rs-;ive to he taken to a machine, 
the })ortable tools are fixed to the work, 'i’his 
d<u s not cover tin* ea.se of repairs, jolis done 
away from the workshop, and tluacfon* 

I I a litter must 1 h“ able to cliip wheu the 
L r ] ncf-essity aT-isi\s. 

,[ ^ Rough tiling follows chij»ping. 

lOilher the coarse, rough cut, or 
•I • i, u Ike hastanl liles are used first , 

' 1 followtd ))y flic iin<‘ or s»uooth 

^ grade files; and when great 

a(a-uracy i^^ requit'd, these are 
; siieeeed(‘d by tin* scra])e. Filing is an ar< 
-t to be a'-quired only by pra'-tit t*. The dilli- 
cnlty is to file flat, (inly dead parallel iik*.^ 
are pta fectly straight ; all others are mote 
or less bellied, whicli shape i.s favuurahir 
to the production of flat faces. The right 
ellxtw' is kept quite close to the workmans 

Ixidy. the body moves in unison wuth the file, 
and its weight is thrown into the forward 
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strok(^ and relieved during the rctimi stroke, 
though the file is not actually lifted oft' the work. 
Economy is sought by crossing the direction of 
tho strokes at intervals. Frequently time may 
be saved in heavy filing by using the l^K’ks of 
half-round files before the flat files. l''ho fine 
files should not Ixj employed until the surface 
has been brought nearly level, 
and nearly to a finish. 

Testing. 'J^io testing of 
plane surfaces is done with 
straightedges, wind 'iig 

strips, and 8urface-})late.s. 

Red lead paste, made 
with red h?ad and oil, is 
rubbed on the ( dge of the 
straightedge or on (he surfac e 
of tlio plate, and indicates hy 
.its transference to the high 
parts of tho filed surface the 
lo(;alities from whieJi mabTial 
has to be removed. As the 
correction approaches com- 
pletion, tlie action of the fil<^ 
has to be localised by shorter 
strokes, or hy o2K‘raiin« with 
an ineh or two only next the 
point. TJio red lead must then 
be apjilied more thinly. ^Vheii 
the surface shows contact 
nearly all over nothing morii 
can be effected with the file, 
but the scraiiewill bo brought 
into service. This is lield at an angle of from 
to 40" with the surface of the work, and 
it removes the merest tra ’c; of nv‘tal from th<^ 
high loealiiies. The surfaceqilati* is .till used 
to cheek results, but the lilni 
of red lead must bo very thin, 
or else it is not used at .all ; 
but the inerts contact of the 
work with the clean suifaco of 
the ])lHte, or a thin film of clear 
oil suffices to iudi-ate th(! 
points of contact. 

The surface oft lie 

work must be •. " 
w iped c lean e v t 'ly 
time of making 
contact. 

Mutual Fit» 
ting, it will be 
noticed that nothing 
has been said about 
maldng mutual fits 
betw(‘on ]3arts. Tbo 
reason Is that the sur- 
iaec-jilate is the only 
test, and tho wink 
goes together for bolt- 
ing or sliding fits as it 

leaves the test of the plate. If parts were 
fitted mutually, inaccuracy in one would pro- 
duce similar inaccuratiy in the other, but of 
opposite kind, a-; concave and convex, etc. 

But there arc many cases of mutual fitting of 
one part to .mother when one is known to be 
true. Thus bearings arc generally fitted to their 
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shafts ill good work by scraping. The shaft is 
true, but for various reasons l^arings are scraped 
to make easy tits with the shafts. The scrape is 
then worked edgewise in the brass, and red lead 
is smeared on tho shaft journal. 

Cautions. The -practice of filing is of ex- 
tensive application ; but with some remarks on the 
preservation of the file, we must close 
these riMiiarks. Though emery-cloth or 
paper are often used subsequently to files, 
tlicy impart only a smooth finish. They 
do not effect accurate results, 

which can be produced only by 

scraping. Tho same rcmarK 
applies to finish imparted by 
draw filing. A good file must 
never be used on the outer, 
hard skin of a casting or forg- 
ing. Ff this has to be removed 
by filing, an old, practically, 
worn-out instrument must be 
used, (^r the sign (^an be rv- 
moved by grinding if the 
allowanw' left is small, or by 
cbi})pingif sufficient in amount. 
Or the woik may be pickled 
svs for machining in dilute 
sulphurie acid. A new file 
should not be u.sed on wrought 
iron and steel, but on brass and 
gun-met al first, beeaiise partly 
worn files will not cut these 
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alloys well, Vait W’ill slip over 
tlnaii whib‘ they arc yet capable of working on 
wrought, iron and steel. Files that become 
eloggeil or pinned Avith particles of steel can ho 
eU*aned with card-wire; t>r chalk, or a little oil 
ajiplied to tlie tile lessims the liability 
to pinning. 

Key Fitting. A section of 
nnitiial fitting in wbieli the file lias 
to bo used, gisierally without rof(5r- 
enee ic; the surface- plate is that of 
key fitting. On eorrect contact 
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between keys and their 
sc‘ats the steady running 
of wheels largely depends. 
Although keys are driven 
hard into their seatinga, 
this without good contact 
all over would not suffice 
for permanent results, but 
they would work loose in 
time. Either the key may 
Fjft fitU^d to its seating or vice versa. A key 
should be planed or ground truly, and it may 
lie tested on the surface-plate. If tho groove 
has not been slotted truly, then it, rather than 
the key, should ba corrected by filing. But 
it is usually more convenient to ease the key to 
fit its seating, and the slot is usually assumed 
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to be true. To -effect this it is driven in w th only partial; the aim of the fitter is to make 
moderate force and then removed, the bright the friction marks a)>poar all over, 
marks caused by friction -s^ith the key-bed indi- Sunk, or feather keys [310] arc let, in the shaft, 
eating where to file off metal. Red lead or chalk and the wheel, etc., 'driven Over them, removal 

is rubbed on tlio key before driving in, to help to and filing being done several times as nece.s- 

show the high spots and prevent seizing. After saiy. When thi? cliU( b lias to slide as in 

filing, the key is again driven in and removed, the 310, the feathers are secured by eouutersimk 

process being repeated until good contact is screws, or sonudimes rivets, to' previ'ut. tluMi* 

obtained and the key is suflicieritly let in. working loose. Fitting is a (piestioii of tiling the 

The removal of keys during fitting is done by tops and sides of the featluTs until llu^ elutidi 
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the key drift [309 A], driven with the haniiner slides freely, hut without shake, speeia.l eare being 

when it is possible to g(d through the back of llie lak<‘u that good coiila .l is mach^ along thc5 sid<'s, 

key way; or as 309 B, with a' wedge {(t) and otherwise loose uorkiiig will soon ensue, 

packing (6), which is advisable only when the key Cottared Joints. A spi^eial type of fitting 
(c) is supported by the key-bed in the shaft. allied to tlu^ keys is that of cot-lared joints. 

Often, hoWever, when the drift (A) cannot be got w'ith or without gibs, riiough the parts are 

in, a wedge is used, and the head of the key is- machiiuid, some ailjustments are usually iveecs- 

si^iported by holding a heavy sledge hammer b) sary in the cottar liolcs and iii the eottais 

prevent bending down, which would involve sub- and gibs. The same methods of filing aiifl 

sequent straightening. Fig. 809 C sliows the checking with red lead are adopted, but a-< 

appearance of the key toi) when the contact is the number of pieces involved is great* ^r, 
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considorable care has to bo ext^rcisod. A com- a narrow shelf (D) is supported above C to carry 
plcto joint of this kind will include the stub small tools and the gas or electric light fittings, 
end of a rod, th(^ brasses and strap, the cottar. The frame for the drawer ig mounted inside the 
and* one or two gibs, with or without set screws. casting at E, and a lower shelf (P) and back (0) 
Link motion, or motion work for revei-sing form a useful addition for holding tools 

and operating th^' valvtss of sUmtn enginc^s, Q and work. These legs are placed from 4 ft. 

is high-class fitting. The stKling and pivt>t- | J'(0)[ I ft- apart, the timbers, of course, running 

ing surfaces are case hardened, so that- across continuously. 

though the principal fitting is done Double Bench. A double and self- 

before hardening, some eor i*eeti(Uis by \ contained design, such as is used in the 

scraping or grinding, c)r witli <'in(‘ry- ^■/ . A, shops of John Lang & Sons, of Johnstone, 

cloth, arc necessary subsequently. This Z \ is shown in 312. flere two cast-iron 

includes the links, die blocks, pin.s, and '/ // \\ u standards (A A) are bolted together, with 

])in holes. ,/ 7 '\ \ thick piece of timber (B) between. 

Benches. Fitters’ ben(‘h<‘S ar<‘ ‘ > \ A AU'‘riiatively, one leg alone may bo 

lU'cessaiy in all titling and erecting / ■ \ \ attaclied against a wall, as in 311. 

work, not only to cany vices, but to // 7 U \ \ Longitudinal tinibei-s (C) are laid 
afford a surface’s at a eonvc'iiicJit- i \ \ a-ross, and tlu’n faced with hard 

height for laying and building up 7 \ maple IJ in. thick, placed trans- 

the small ptxrts of mechanism, as (.lis- ! i- j . \ versely and tongued together as seen 

tinct from those erected on trestles or ■/ \ in the front view, showing also th^ 

on blocking on the shop floor. </ 1 : I \ '\ drawer hung on I ’.carers screwed 

The bench also carries small j U - ii \ underside; -of the planks 

tools and various appliances, \ boss is provided, 

some in drawers. T | as in tlu‘ ])revious example, for 

The common timber bench(‘s j 1 attachment of the; vice. E and 

hnilt np something like that of f'-' t~: ZZi: ZIT" L-n K are shelf and back boards to 

a carpenter, but- carried along 320. tkstin<; cyltndkk ckntki: nv carry work in progi'css eh;ar of 
for a considerable l<*ngtlb bavo pi.i/mb lini-j the Hooic Small shelves ((1) arc 

given place in many shops to attai'hed to the upright (B), 

those of east iron, 'which a.re more l igid, durable. and a ga>-pi|.>(' is also siij)port(*d thereby. The 

end cleanly. An exauiple to go against a wall luaghi of siicli benches averages 2 ft. 10 in. to 

is shown in 311. The east iron ])or(ioii eon- the top of tbi; board. 

sists of lb(* leg or standard (A) fast(‘n(‘d to the. Vices. Fitters use both the ordinary screw 

floor with a coach screws and to the wall and tlu^ instantaneous action vices, the advantage 

with a couple of countersunk screws entering a of the latter being that the jaws may l>o*openod 

wood packing. The thick piece of timber (B) and closed instmitly to any size without tho 
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forms the front of the bench top, and stands tedium of turning tho screw many times. The 

the heavy work, as well as carrying the vice, Parkinson vice, a combination type, is seei\ in 

which is held by a bolt passing down through 313. It has a fixed jaw (A) bolt^ down to a 

tho boss seen near the front of the easting. At base (B), and embracing the sliding jaw (C). 

C a thinner timber is used, packed up on strips ; The latter carries a buttress thread screw" (D), 

3690 
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fitting A half nut (E) lying in a recoss in B. The 
screw, or the instantaneous action, is alternatively 
brought into operatTon as desired, according to 
whether nut E is lowered out of ruesh witl\ D 
(08 seen), or whether it is raised up to engage. 
In the first case the jaw ((- ) may he slid frc<‘ly to 
and fro ; in the second it can be moved only 
by turning the screw by the long luindl(\ acting 
then as an ordinary screw, vice. The mov<*- 
ment of E is produced by the lever F, which, 
when clasped by the hand to the knob of the 
screw (D), turns the flat strip (C) lying in a 
groove in E, and lowei-s the latter. When F is 
released the spring (H) draws it out wants, 

pressing E up- 

wards, so that in 
the normal state 
the vice remains 
a screMV' one. 

^ Clams. Clams 
are necessary for 
much vice work on 
finished surfaces, 
the hard steel ser- 
rated jaws bc'ing 
only suitable for 
black or r o u g h 
work. Sheet iron 
or copper clams 
(314] are suitable 
for ordinary us<', 
but for brass or 
other soft work 
thick lead clams 
are d'c s i r a b I e . 

Various s p e c i a I 
forms an' also <‘inploycd, 
sucli as tliose with* V 
grooves for rods, serrated 
grooves for piping, and 
those made in one piece to 
support shafts wilhout risk 
of their slip})ing dow n. I t 
is very handy in fitting 14 ) 
shafts to be able to n'volvt; 
them at interv'uls, and the 
clams in 315 permit of this. 

A considerable amount of 
fitting up is done on trestles 
[3161. tw’O or more being 
used for a piece of work. Shafts are supptu t<*d 
thus for key and other tit ting, resting in V bhuks 
[317], often in preference to using the bench vi« e, 
because the latUw is not so convenient, and does 
not allow the workman to w alk all round tlu' 

Erecting. Erections {i?<‘ assumed io deal 
only with rather heavy w'ork which cannot be 
done on the bench. Work completed cm the 
bench is properly titling, so Ibal a pump or 
small motor, if bench work, would be elassed as 
iittiUg ; but a large pump or cmgine put together 
on the floor would bo erecting. 

Levelling. Erecting generally involvc's 
dimensions or relations too large for the cin])loy- 
ment of rules and small instruments of measure- 
ment. Hence,, the spirit level and the plumb 
line tire of regular utility. Heace, too, most 
work is built up from a truiy horizontal founda- 
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tion of sonic' kind or another, which may be 
either a part of the machine itself or an arti- 
ficial and temporary basis. Most engines and 
machines havc’i senno kind of solid foundation 
in the form c^f bed, bed-})late, base 4 )late, or 
base in one continuous lengtli, or in two or more 
disconnected parts. In erection, tbescj are 
levelled up truly horizontal by means of a spirit 
level laid on a straightedge [318], Usually tlu^y 
are levelled and wedged u]) on hcvivy tinibc'r 
blocks cut frcun balk [318}. When thc^rci is much 
wen k of thc^ same kind, apcrmancait foundation is 
laid in the sho}), on wdiieh to bolt the act ual founda- 
tion of the engine or machine. Some? cranes iivc 
thus built on bases, Iravc'lling cranes on rails 
ovc‘r pits, locomcMivcs over pits, marine engine's 

down in pits, and 
so on. In each cwxse 
before any supi'r- 
structural work is 
done tlui actual 
A foundation is fixed 
and levelled, and 
any necessary tinc.^ 
adjustments are 
\ madc^ by wcdg«‘s. 
Id-.- Once levelled it re- 
mains permanently 
fixed until the 
supers truetiirc is 
completed over it. 

Reasons for 
Levelling. The 
necessity for level- 
ling is to liave a 
basis from which to 
c'l’cct pci ‘pcaidicular 
fa(‘t‘s and c(‘nti'es, 
and also to ensure 
parallt'lism of all 
pails that lie in 
linrizontal pianc*s. 
If the base is 
levelled, all other 
hoi iz.ontal faces are 
lived by 1 h('. cm- 
pNiymcait of the 
spirit l(^v(‘l. If 
jK'iprndiculars an* 
(Tcctc'd, all perpen- 
dic-ulars and lioi i/.out als must obviously Is* at 
right angh's A\'it li (>ach othca* without any nc'cd to 
set. by s(juan*s, though this would still 1 )C‘ cfoia^ 
ill thc^ cai'-c* of sluat or low iacc'.s and cc-ntrcs. 
But tlu* use of a scpiai'c* is obviously inijiract icahU* 
\\hcii heights of many fe»t are concerned. 
Neillua* can a scpiaiv be applic'cl in many cases 
wlicH'a [ihiiiib line can In*, as thiough the centre 
<»r axis of a In-aring hir exam])lt*. 'riie practice 
of lev«*lling can lie (‘xtciuhsl to includo bearings 
for shafts whicli may havi* no other bases for 
adjust nu'iit. anti for bearings standing at rigid 
or other aiigh's with each otlu'r. 'J’he tuitlorn of 
the bore is then used for the working base, 
parallel straightedges being laid tlu*rcin and 
receiving the spirit level on tlic top edge. 
Another w^ay is to lay the actual shaft in its 
bearings, and level the top edge of the sliaft. 

3091 


□ 


v 

I 




^”,1 




322. ENlilNK (ILLL’.STKATINO METIIOO OF ERE( TINt;) 



MKOHANICAL CNQINCBIIINQ 


Straight edgoH are necessary in all levelling 
where the length or area to bo checked exceeds, 
two or three feet, and they must, of course, 
1)0 parcllel, the bottom edge coming on the 
work, and the level rcisting on the top edge. It 
is necessary also to turn the level about end for 
end in ease the inst,riimcnt should be out of 
truth. Or levels with an adjusting screw may 
be used. 

Tlie valuo of a truly horizontal hase is seen 
at every .stage of subsequent erection. If 
measurement la^ taken from that base to any 
centre above, the spirit level ensures parallelism. 
If shafts or faces are not. situated perpendicularly 
over one another, so that direct nK'asureuuuit 
cannot be taken, each one can bo moasiirc'd 
directly from the base. I’arallel parts in the 
horizontal plane can be measured olf at any 
luught from the base by dropping a plumb lino 
and by taking horizontal dimensions tlua-ofrom. 
Bearings in the same perpendicular axis are 
centred by dropping a* plumb lino through the? 
centre of the upper one [319J, the Imb coming 
over the oontro of the lower one, botli bearings 
being bridged with wood on which to get tlu^ 
centres. A hearing above can be (smtred hy a 
]>lnmb bob over a eimtre on the l)as(^ plate h(‘low, 
or to one side of such a eentre to any dimension. 
The eentre of a cylinder can bo located plumb 
w’ith a shaft bearing similarly [320]. 

Centres and Edges. Tho metisure* 
ment of distances bctw'cen shafts or faces is 
variously done, sometinu's by centres, some- 
times by edges. The latter is, as a rules tho 
more convenient method, though emit res are 
the dimensions laid <lown on drawings, and 
when lining out work. In ereeting it would 
often be difTuuilt to employ centres. Having 
shafts or faces in tlui same plane, calipers or 
a rexi gauge are generally (unployed in preferoneo 
to the rule, measurement being taken between 
the adjaetmt shafts or faces. If they arc not 
in th(^ same piano then a parallel straiglitedgt^ 


may generally be carried along and set horizon- 
tally by means of a level, and measurement 
taken from that to the sec<»tid shaft or ftice. 

Straining Line. In some cases a 
straight cord or line wire is employed as a 
eentre from wdiich to take measurements. 
This is most convemient in engine erecting. 
The wire is strained taut doAvn tho centre of 
the cylinder bore, retained centrally by strips 
in the ends, and being carried beyond to the 
guides and crank sliaft bearings, measurement is 
tak(*n therefrom. 'I'he same dev](*e is employed 
in testing shaft bearings arranged in line along 
a shop wall, or along tlu^ girder of an overhead 
travtlling crane. It is also used in order to 
observ^o tho amount of set, or deflection, Avhich 
a beam or girder undergoes when loaded. An 
alternative to the strained cord in the adjustment 
of bearings in a liorizontal plane is to lay the 
shafting in. in si1cecssiv(* lengths, levelling each 
length in turn with the spirit lewl, and coupling 
uj) as the work })roceefls. Tlie strained cord 
wouUl still be (un ployed for elieeking dimensions 
laterally. In a long length of shaft involving 
mimeroiis bearings, a. Avire Avould sag or drop 
slightly, heiiec' the prc'fereiiee given to tho 
spirit l('V(‘l, hut it Avould not sag laterally. 

Wh(‘n ])ie(M‘s of Avovk have angular relations 
in plan, and dimensions are largo, tho plumb 
lino is usually )>roforrod to the stpiare or bovol. 
Tho H'lations of right or other angles are 
marked on tho base*, or bod ]>lat(‘, by geoniotrical 
methods preferably, but lusver by small instru- 
inonts, the (nrors in Avliieli Avould bo magnified, 
and the plumb lino is dro})ped to thes(5 lines. 
In small Avork, of (‘ourso, squares and beveb 
an^ employ(‘cl. 

In st‘tting and eln'cking dinumsions it is 
nooossary to be: earcdiil to avoid iTrors, Avhioh 
are Jess* likely to arist^ in a\ Diking by centres 
than by edges. Addition or subtraction for 
tliiekness<*s and semi-diauuMers have to bo 
made, and alloAvanec‘s for any inaeeuraeies in 
l ough Avork. A safe course to 
adopt Avhi'ii UuuM' are a num- 
b(U* of dimensions in otu^ plane 
is to add them all. and see if 
tliey total to tho eoiTC'ct over- 
all dimensions. This servos 
to cheek botli tlu‘ clraAving and 
th(^ AA'orkman’s reckonings out. 

Gear Wheel Centres. 
A part of the erectors’ Avork if: 
often that of lining out. Thus, 
it may liappeu that certain 
centres cannot be obtained 
until the centres of gear wheels 
have been determin(*d. Wluui 
tlie re are trains of iron and 
steel aaJiooIs Avith cast teeth, 
shrinkages and exact centres 
cannot bo determined before- 
liand. Hence, tho centres of 
bearings are often marked out 
from the Avhecls themselves. 
Fig. 321 illustrates a typical 
set of gearing. The shafts 
ABC have to be connected 
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at centres which are fixed by 
the gears, and A and B have 
two sets of gears of different 
sizes, so that, if any inaccuracy 
occur in these, it has to bo 
averaged between the two in 
setting the centres of the 
shafts. D E are for slow lifts, 
and E G for quick. The 
centres are a and 6, and gene- 
rally the locations of one or of 
two are fixed by other fittings 
or movements. Cast steel 
gears often give much trouble 
in centres — more than thost^ 
of iron do, because of their 
greater and uncertain shrink- 
age ; lienee, one reason for the 
growing popularity of cut 
gears, tho diametei*s of whicli 
are exact. The shaft fittings 
include the keying up of fixed 
gears, and tho fitting of the 
sliding or feather keys and 
pinions. The latter are slid with a eluteh motion, 
11, or a sliding eluteh engages with the gears as 
at J and K. 

Krecting an Engine. Fig. 322 illus- 
trates a compound horizontal engine which will 
serve as an object lesson on erecting of tho class 
of which it is tyjiieal. In any work of this 
kind there are, of eourscN alternative methods, 
into which we cannot enter. But, brojidly, 
there are iw'o ways in wliich such an engine 
could be erected, oik^ biiing by taking stndion by 
section, and measuring and cheeking <‘a<‘h ; 
the other by doing all the machining by t<unpl<‘ts 
and gauges made from a first engine com]>letely 
fitted up, and then taken ajiart and each })art 
being used as a templet, or gauge, or enipl«>yed 
to make tho.se from. 'Iliis luelliod is suit able 
when a considerable number, say above leu or 
a dozen engines, arc wanted all alik(‘. Tliis is 
a half-way device betwisMi erecting and assem- 
bling ; for slight adjustments would liave to be 
made, as ivamering of bolt boles through parts 
in place, and casings with file and scutum*. Yet 
for a class of work of medium size tlu^se slight 
corrections would not invalidate the term 
“ interchangeable ” applied to stieli a class of 
work, though not in the striet(U* sens(* in which it 
is applied to the smaller lueehanisms. 

Engine Bed. In 322 the engine bed i.s 
shown at A as built up of plate and angle, 
alternatively to a casting. The. top face, «, i.s 
levelled first, irrespeelivc of the trutli of the 
bottom face which goes on the foundation. If, 
of masonry and concrete. The top, «, is 
planed! level, and the bottom might lie also, 
or be left rough. But a is the face to be 
levelled, both Ix^fore erection of the engine in 
tho shop, and at the time of its erection on its 
foundation, B. A centre line, 6, is run along tho 
bed, and to right and left of this tho centre 
lines, c, d, of the cylinders are marked, and at 
right angles with these the line, e-f, for the crank 
sha^t, and by these the principal work is done. 
In the other direction the important centre is 


g-h, corresponding with the axis of the cylinder, 
eros.s liead, and crank shaft in tho horizontal 
]>lane. 

Details of Erection. In tho tigur.'fs the 
cylinder lagging conceals tin? joints, hut the 
two cylinders arc east scpaiately, and bolted 
togt‘th<‘r. In soriK^ eases they arc east as one. 
But in eitluM* ease t))c maeliining is finished — 
boring, facing. t‘tc. — before tlu'y are put on 
the lK*d ])lute, and if east separately, they a.r<^ 
bolted togetlnu’ l)(‘fore being attaefied to the 
bed plate. ria‘y ai<‘ Hum elampfsl lo flic biul 
)»late, and boll lu>l<*s drill(‘d and naimered, after 
due eluM'kiug of tlu? longitudinal accuracy of 
the eylindor axis. Bc'ing s(‘t ov(‘r tlu'ir ccaitn^s, 
a straiglitcdge is passcci down the bores to tlu^ 
er.ink shaft, ])rovide(l the guides, I) I), are not 
' east with tie' cylinders, and latf'ral measurc- 
nu'nls talo n tiu re. Or a cord or wire is strained 
down the centres tlirough wood strips bridging 
Hie ends, and irusisiin'nuuit taken from that 
before the final rer.nuaing is done. The cross- 
head guides, I) I), are sliown as east with lh<‘ 
lylinders. Oftiui they are east, separately and 
bolted on. If so, tluy altaehed to tlu^ 

eyliiulers before Hic latter an; bolted to the 
bed plate. The piston and piston rods, together 
W'ith the glands and ecivers, will hav^i* be<*n fitted 
to the cylinders at Hte bench, and llu;sc will la* 
removeti during the. setting of the cylinders by 
the straining line. By the same h'nc the ])o.sitioiiH 
of th(;erank shaft bearings, K K, will be adjusted 
laterally, before their bolt holes an; d.rilled and 
reamered. 'I'h<‘ bearing centres will be squared 
up from Hie centre line c /, scaibed on the bed. 
The crank sliaff, F, is now droj)ped in, aiid the 
connecting rods, G G, fitted to the shaft at one 
end, and the cross hcilds, II, at the other. If, 
however, these jiarts had all been mttd<; by 
•templet from a sample engine, then tho cylinders, 
guide.-?, and rods wguld be set bodily at onc^', 
and connection made to the crank shaft with no 
settings and adjustments, except, perhaps, a 
slight amount of rcamering of bolt holes. Tlic 
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position of the Ijoaring J, independent of the 
main bearings, E E, is set with a straightedge 
from the bores of E E. Wlien it is fixed, the 
crank shaft, having the flywheel keyed on, 
is dropped into place, and the caps screwed down. 
The eccentrics, K K K, for operating the valve 
rods are, in a templcling system, keyed on their 
shaft before erection, but in much average 
erecting the keyways are not cut until the 
engines are fitUid. The steam chest covers are 
removed, and the valves set for lap and lead, 
with the piston rods at extreme travel. Thn 
eccentrics are set corresponding with* these 
positions, and keyways then marked and cut. 
The pump and governor arc not main fittings, 
^hey ai*e set and bolted up by c(*ntro lines, as 
are some other fittings indicated but not 
referred to. Figs. 323 and 324 illustrate in- 
teriors of shops where fitting and erecting are 
both done. 

Joints, In steam and hydiaulic work, the 
making and packing of light jcunts is an im- 
portant detail. In the best work steam-tighti 
faced joints are made by scraping alone, and no 
substance is interposed, except a thin film of 
red lead in oil. But when faces are loft rough - 
turned or y^Ianed, insertion sluM-it is us<!d, as wire 
gauze, canvas*, American cloth, each smeared 
with red lead or tallow. Indiariibbcr or 
asbestos sheet are <!onsidered 8onu) 

joints are made simply with a ring of copper wire, 
some with millboard, or with tar twine. All 
stuffing boxes have to bo packed. A good deal 
of metallic packing is used now, but the spun 
yarn, or soapstone, or asbestos packings ndain 
their place in favour. Hydraulic packings are 
more troublesome Oiaii those for steam ; leather 
is invariably used for high pressures, and these 
are of cup, or U, or of hat shapes, so that ]:)rcssurc 
tightens them between the ram and cylinder. 

Hoisting. In heavy erections, hoisting 
tackle of various kinds is in constant use. The 
self-sustaining pulley blocks and taoklo arcj 
extremely valuable, since they can be employed 
for heavy loads and sustain them safely in any 
position. They are frequently slung from a b<\am 
attached to the trolley of a wall jib crane. But 
they art* too slow^ in operation for mut^h work, 
fqp which an overhcml Iravt'lling crane is iictrt's- 
sary, which, covering the whole area of the 
erection, is yet clear of it, and is also ra})id in 
travelling, in cross-travt'i’se, and in hoisting. 


For making adjustments for which a crane is 
not suitable, or in the absence of a crane, jacks 
of screw or hydraulic types are used. They 
are employed in levelling up bedplates and 
foundation plates on the timber blocking, and 
for effecting slight horizontal adjustments. 

Assembling. Assembling is possible only 
■when interchangeability of similar parts is carried 
out absolutely, for any fitting, however minute 
in degree, is intjompatiblo with it. To ensure 
absolute uniformity of parts the machining 
must Ixi controlled automatically, as has been 
explained in connection with the work of grinding 
ami milling machines, and the turret lathes, 
'rims, the demand for inU^rchaiigeability has 
favoured the, development of these machine 
tools, and these in turn have quickened the 
growth of the system. 

Limits of Tolerance. But though these 
machines, Avith their arrangements and fixtures 
ensure uniformity in a humlred, or a thousand, or 
ten thousand similar ])ieecs, it is obvious that 
slight, inaccuracies must n(*eds creep in, due to 
the wear of tools and fittings, to elasticity and 
otlur minute variables. Absolut/O uniformity, 
th(*reforo, is impossible of attainrmmt. (-om- 
mercial or ]>ractical uniformity is, however, 
learlily s(‘curecl. But in proportion as results 
approximate to exact and absolute results docs 
tin* cost of production incr(*ase. Hence there are 
limits sot to th<^ degrees of accuracy which are 
considtT(‘(l desirable in ditferent classes of w'^ork, 
ami the pieces in any given class of nuvnufacturc 
may be allowed to vary from precise dimensions 
Avitliin these limits of tolerance. But these 
limits also are embodi(‘d in limit gaugesy larger 
and smaller than absolute sizes, and the w’ork 
has to ))ass the test of these gauges before it can 
be sent to the assemblers. Boys, girls, or 
unskilled youths do tliis gauging, just as much 
of the work of the automatics is done by 
unskilled labour. Often gauging is absolutely 
automatic in itself, a set of pins, say, being 
luovefl along a slot, the sid(*s of which arc not 
parallel. ^J’hoso pins which fall through the 
slot l)(*twcen two predoterinined stages are Avithin 
the limits of tolerance. But most gauging has 
to be done with the gauge in one hand and the 
piece in the oth(*r, yet the U'st is made in an 
instant. Then the pieces ’pass to the assemblers. 
The Hiibjecd of gauge,s and other instruments 
of measurement is treated in the course on 'J’ools, 
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Notice liow the expression — ap-f 67 + cr is 
formed from the denominators of the given 
fractions, by taking — a times the first denomi- 
nator, b times the second, and c times tlie third. 
By the result just proved, wc know that the 
given fractions are each tMpial to a fiviction with 
denominator — ap hq -4- rr and Avliose numerator 
is formed in the same way as the denominator, 
viz., by taking —0 times the first numerator, 
h times the second, and c times the thinl. 

Tfence tlui given fraelions are each ecpnil to 
“ (I (<']/ -|’ hz) + b {ctz "h (•;*■) + c + aif) '‘Hn'x 




— rip + ^Y + cr 

by collecting ttnans in the iiunu‘rator. 

In exactly the sanui way wt^ e;m show tliat 
each of the giv'Ui fraelions is iMjual f.o 


Denoting this constant value by we have 

== and therefore the value of k can be found 

when we know one sot of corresponding values 
of a and b. 

Kxample. If a varies as 6 , and a is 2 when 
h is 15, what is a when h is 9 

Since a oc ?>, wo have a = /*:6, k being constant. 
Therefore, since a — 2 wlien b = 15, it follows 

t hat 2 == 157., or k ~ 

lo 

IT(uice, when h — 9 wo have 


a = 9x “ - 11 
Jo 


yl?rs*. 




— , and also lo 


up — hq H rr up + O 7 — rr 

Therefore tliese Ihree (‘Xjnessioii.s must be 
ocpial to one ;inother. < )n dividing each of Ihem 
by 2<f/;c we obtain the required result, rr;., 

X n z _ 

u {~up-\- /> 7 -4- rr) b {up~bq \- cr) 

140. ^riie mothfMl use<l in Art. 139 of ))utting 
each of a number of e(|ual ratios 0 (jual to a 
single letter, 7;, ean always ))e followed in siieh 
cases as the follouing. 

Kxample. If a \ h \ \r \ prove f Jiat 


Let 

Then, 


and 


a+b 


a\a-\‘ c\\a’\- b \ 
a r. 

IT ^ 'd 

a=/i/.andc 
. a bh 
* * o + c bh dh 

hh + b 


-f- 6 -f- c -f- d h (/.’-f-I) 

Thus, 


and 


are each ecpial to 
Therefore, 


I « + c ; ; rt -f' 5 ; <7 -f 6 + c + d. 

VARIATION 


142. One (jiianlity is said to var\f inceriiehj as 
im)tht‘r when the first varies as the reciprocal 
‘Jo/r; { I'ixami>les 30, No. 2j of the other. 

Thus, ft vai ies inversely as ?>, when a oc so 

that a~ , where k is constant. 
h 

One (piantity is said to vary as two others 
r {up A liTf^rr) when it varies as their product. 

Tlius, a vaiie.s as b and c jointly when a oc be. 
One qn.intity is said to vary directly o.s‘ ficcoml 
find inrrisrly us u third w’hoii its ratio to the 
jnoduet. <»f lh(j second and the reciprocal of the 
third is constant. 

IX q, ^ -j. d. Tims, a varies directly as h and inversely as c 

~ b if a ; 7> X -i- is constant, i.c., if ass™ rvhero 

r. ^ c 

h is (smstant. 

As in Article 141, the constant can always bo 
found when one set of corresponding values of 
the (juanlilios is knoAvn. 

Kxainple. 'Ihc volume of a right circular 
. conii varies jointly .as the heiglit and the 

bA (l‘ s(|uaro of the radius of i he base. The volume 
of a cone 1 4 in. high and having a base of 3 in. 
0 - 1 ' b r.ndius is 132 cubic in. What is the volume of 

a cone 9 in. high with a base of in. radius? 

If Y = the volume, r= radius of base, Jiiid 
/i= height, then Y oc 7'di, so that Y s=s krVi. 

lienee, when Y = 132, ?’= 3, and 14, W'C 

09 

h.ave 132— 7;x9xl4. Therefore, 7v=-"‘|', and 
when h~ 9 ami r — 3.1, 


rr dh. 

b 

’ 7H d’ 


^ b(h+^)^ 

{h + d) {h +• 1 ) 


a - 1 - b r 
b_ 

h + d‘ 


141. Consider an article sold at a fixed price, 
say, (>d. per yard. It is tjvideiit that if we 
double the number of y.ards we double the total 
cost ; if we t.akt* half the number of yard.s we 
make the cost amount to half its former value, 
and so on. W’hen two <pianbitics are n;lated in 
the way that the iiumlier of yards and the co.st 
are here related, so that any two values of 
the one quantity are in the same ratio to one 
another as the corresponding values of the other 
((uantity, then the one quantity is said to vary us 
the other quantity. 

The words “varies as” are denoted by tlic 
symbol oc, «<> that varies as h” is writleii 
“a oc and means that the ratio a ; b lias 
always the same value. 

CorUirmed 


y — “y X -j X 9 cubic in. 
J 1.9.1 cubic ill. . I U S. 
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New Guinea. Physical Features of Australia. Climate, Plants 
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from 


By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


New Guinea. Now Guinea, (nearly 30(),fM^0 
sq. miles) sirctehcs betwe(*ri t.lie islands of the 
Malay arcliipelago and Australia. IVTucli of it 
is mountainous, peaks in the Owen Stanley and 
Bismarck ranges rising to at least 1 3,000 ft. or 
14,000 ft. TJiere ar(^ many large rivers, of 
which the Kaiserin Augusta in the north, and the 
Fly in the south, are the largest. I’he northern 
])art of New Guinea lias rain at all seasons, bub 
most in northern winter months with the 
northern monsoon, and is eov(‘red with d(‘nse 
tropical forests. Little of the inierior, however, 
h IS yet be(‘n exploit'd. 3’he south has li'ss rain, 
and this falls chiefly during tlic; northern summer 
months, when the southern n lon blows. "Pho 

vegetation here is o])en fon'st, with many 
eucalyptus and mimosa trees. 

Politically, the islarul is divhled between 
Britain, Germany and Holland. Port Moresby 
is the chief x)laco in British Now Guinea. 

AUSTRALIA 

The Australian (Jopiinonwt'alth (3,000,000 sq. 
miles), consists of the continent-island of Aus- 
tralia, with the neighbouring island of Tasmania 
(20,000 sq. miles). Tt includes the States of 
Qu(‘ensl‘ind, New South Wales, Victoria tand 
Tasmania in the oast. South Australia in tho 
centre, and West Australia in tho west. 

Seas, Gulfs and Islands. Australia 
lies to the south of the islands of the Malay 
Archipelago, from which it is separated by tho 
Timor and Arafura Seas, and to the. south of 
New (hiinea, from which it is separated by 
3’oiTes Strait. Its western shores are washed by 
the Indian Ocean, its eastern by the Pacific. 3’he 
shape of Australia is compact, with hnv peninsulas 
and gulfs. Let us look out in a map Ouiibridgi^ 
Gulf in the north-west, the great Gulf of 
Garpentaria, enclosed by the peninsulas of 
Arnhem Land and Cape York in the noi th, and 
on the south coast Encountcu* Bay, Spenecr Gulf, 
and tho Great Australian Bight. Notice how 
few islands He off the coast, the only eonsiderabh^ 
one being Tasmania, a detached fragment of tho 
continent, separated from the niaiiiland by Bas.s 
Strait, above who.so waters rise small islands. 
Tliough lacking in gulfs, Australia has many 
inlets, which form excellent harbours. Among 
them are Port Jackson, which forms Sydney 
Harbour, one of the finest in the world, and Port 
Philip, the harbour of Melbourne. 

Mountains and Rivers. The higJiesb 
land in Australia forms the eastern highlands, 
which, under various names, stretch along tlu^ 
east coast of the continent, and are continued 
in Tasmania. These highlands, generally called 
the Great Dividing Range, are highest in the 
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south-east, when^ the Kosiriusko grouf) rea.eh(*s 
7,3i)0 ft. To the west ef this the highlands are 
known as the .Vustraliaii Alps, and north they 
are known as the Blue Mountains, the Liverpool 
Range, efc. Tliese long fornuid a harrier to 
expausion from the coast to tlie- int-iTior. 

The most formidable harrier to exploration 
was th(? Bhu’! Mountains behind Sydney. Kx- 
pedifion after exp(‘ditiori w«.s unsuccessful in 
attempting to find a loiite across them. 
“ Between the ranges lie yauaiing chasms, 
<let‘])-winding gorges, and frightful ])re(iipi(^es. 
Narrow, gloomy, and ])rofound, ihest^ stiqumdous 
rifts are enelosi'd hetwei'n gigantic walls of 
sandstone rock, sometimes rec(‘ding from, some- 
times frightfnllv overhanging, fh(‘ dark bed of 
the. rav ine*, anti its hlick, silent eddi(‘S or foam- 
ing torrents. Kvt'rywhe'n*. the' desci'nt into the 
tle*ep abyss is fidl of tlanger, and the issue 
almost imprae(ie*al)le.” At last route's w'erti 
found, ami fhe.5 railway is now* carried across 
this formidable barrier. 

Rivers of the Eastern Highlands* 

The easfe'rii highlands lie near thcT coast, and 
descend more or le*ss steeply to it. Under such 
eontlitions, no long east-flowing rivers ean be 
formed. J^ook e>»it the Burdekiii, Fitzroy, 
Brisbane^ and Hunter. 

Tlie^ rive'i’s from the wr^stern slope's of tho 
northern part of these highlaruls earry little 
\vat(*r, and lose themselves in tfie? dry interior, 
<'\e*ept afte'i* rains, when they How to Lake Eyre. 
Tim largest is ('oopt'r’s (’re.e'.k. Tim Idglier, 
h(dt('r-wat(rred, se)utlie‘]n ])art give's rise? to tho 
only considerable* river of the continent, . tho 
Murray-Dailing. The more) noitherly welters 
arc gatUereel up by tho Darling, which Hows 
semth-w^est te^ its (■onlluenco with the) Murray, 
wdiich has gafhe'retl up the rivers of the southern 
liighlands, the most eejiiside-rahlo being tho 
Lachlan and tho .Murrumhidge'e'. The main 
stre'am of the) Murray e-onu's from the Australian 
Alps, issuing from the* mountains, like* all the 
riv(*rs of this part of the syste'in, in a profound 
gorge, w'hich is known as the) (bit o of the Murray. 
'File plains suiToundiiig the Afurray and its 
tri luitaries fe'>rm the Riveriiia dLstiict, which 
affords excellent pasture. 

The Central Depression and Western 
Plateau. West of the Murray, Avhich widens 
ati its mouth to Lake Alexandrina, rises the 
Flinders Range. We.st of this is a depression 
wliich extends across the continent from the 
Gulf of (Jarpentiiria, the submorgoil north(*rn 
part of it, to Spencer Gulf in the south. The 
rest of the continent is a low plateau, highest 
round the margin. The rivers shown in maps 
are, for the moat part, dry ghannels, except 
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afto rains. The S'wan River in the south-west 
should bo noticed. 

Climate. If we look at any map of the 
world, we sec that the greater part of Australia 
is in the same latitudes as South Africa. We 
also notice that Australia is extremely broad 
from we«st to east, and that its general elevation 
is low and uniform, both favouring a dry climate. 

Australia is almost bisected by the Tropio of 
Capricorn, wliich crosses it at its broadest part. 
A very large part of the continent, then^fore, 
has the hot summers and warm winters of 
tropical lands. The summer solstice ooimudes 
with the earth's position in perihelion, when the 
sun Is 1 ,500,000 miles nearcT the earth than at the 
summer solstice of 
the Northern 
Ifomisplicre. For 
this reason, an<l also 
as a eons(‘quenco of 
the absence of a 
protective covering 
of vegetation, very 
high temperatures 
are recorded in the 
interior of the con- 
tinent, wdu'i’c the 
ground is some- 
times so h(uit(‘(l, 
that a match fall- 
ing on it ignites. 

Only in the ex- 
treme south is the 
climate Icnfperate, 
but with warmer 
summers and w'in- 
ters than our own. 

The north and 
north-west coasts 
are in the monsoon 
region of w^et 
summers and dry 
winters. The 
eastern highlands 
c o iLd 0 n s e the 
winds from the sea and provide a fairly abundant 
rainfall for the east ooast at all seasons, but 
most in summer. Parts of the south-east and 
south-west have a moderate rainfall, which is 
of the Mediterranean type, and falls in wunter. 
The interior of the continent is for the most 
part an almost rainless desert. Tasmania lias 
rain at all seasons, and differs little in climate 
from the Channel Islands. 

Vegetation. Australia seems to have 
been cut off from the rest of the Old World very 
early, and its plants and animals are in many 
ways exceptional. The tree.s are evergreen, 
and suit the hot, dry climate. The tough, 
leathery leaves are sot sideways, presenting 
their edges and not their surfaces to the sun’s 
rays, tlius greatly reducing evaporation. This 
makes them very shadeless, but as a com- 
pensation allows grass to grow where it would 
Otherwise be impossible. The trees grow tall 
and straight, and stand well apart. The " 
commonest is the eucalyptus, or gum tree, the 
speMiies of which are very numerous. Many 
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shed their bark annually, and the long, dead 
strips fluttering in the wind give a. weird ap- 
pearance to the landscape. In the drier regions 
many trees possess water-storing properties, 
as in the other arid regions of the world. 

Drought«resisting Plants. The hot, 
wet, northern tropical regions are covered 
with fropieal fbrests, with such trees as screw 
pino.s, palms, bamboos and mangroves along 
the coasts. On the drier western margin the 
forests open out and pass into savanas. The 
trees diminish in height, and grass or , dwarf 
bushes known as serul) predominate. Of these 
the eommoiK'st are the dimse brigalow scrub, 
th(‘ nuilg<a scrub— a shar]), spiny plant very 

diflieiilt to pene- 
trate, the dreaded 
spinifox or porcu- 
pine g!‘ass — whose 
li a r d, sharp- 
pointed leaves, re- 
sembling groups of 
biyonets, inflict 
cru(;l wounds, and 
the salt bush, 
wliicli covers vast 
areas of EasU^rn 
Australia. All 
tliese arc drought- 
resisting plants. 
Towards the in- 
terior even this 
hardy vegetation 
disappears and the 
country becomes a 
desert. 

The east coast 
is well wooded in 
the wetter part, 
various species of 
eucalyptus pre- 
dominating. Be- 
yond the Divide 
the woods pass 
into gras.sy downs, 
scrub and desert. Hardier even tWn the 
eucalyptus are the acacias, or wattles, of which 
numerous species occur. 

Tn the regions of winter rains in Victoria and 
Western Australia arc found two valuable 
species of eucalyptus, the jarrah and the karri, 
both hard, durable wooils in groat demand. 

Animal Life. Some curious typos of 
anim({1s are found in Australia. Many are 
marsupials, which bring forth their young 
prematurely, to complete their development in 
the mother’s pouch. The kangaroo and the 
opossum arc the most familiar. Other creatures 
combine the characteristics of reptiles and 
ma,mmals. The numerous species of birds 
include the emu, cassowary, Iwe-bird, etc. 
The domesticated animals of Europe have 
been introduced, and sheep are extremely 
numerous. The rabbit has become a pest, 
and starves out sheep by eating up the grass. 

Ocxiupations and Population. Aus- 
tralia suffers from two drawbacks — drought 
and scanty population. The population v 
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mainly confined to the coast, and chiefly to the 
State capitals, especially Sydney and Melbourne. 

Tile exploitation of tropical Australia is ren- 
d(‘rcd difficult by the question of labour. It 
is not a white man’s country, but the introduc- 
tion of indentun^d coloured labour is optui 
to grave objections. Jn Victoria and South 
Australia wheat is cultivated ; and many fruits, 
espxdally the vine in the regions of winter 
rain, eome to perfection. As a ])erm‘inent 
oceupitiou sheep and cattle In'eetling will 
probably always b^ mort* profitable than 
agriculture. 'Gold mining is extremely im- 
portant. Knorinous sums have br'en spent 
in Queensland and oth(*r parts of Australia in 
sinking deep artesian wells to tlie w it(‘r-b(‘aring 
strata, in order to nauler irrigation possible. 
Manufactiireis are prot('cted by a lu'avy larilf, 
but the great stimulus to development, a large 
home market, is yet wanting. 

R.aces. The aboriginal inhabitants are 
dying out, and the bulk of llie population is of 
British descent. The aborigines were at a 
low level of culture, subsisting on the jiroduoe 
of the forests and grass lands, and ])raetising 
hardly any arts. There is a strong Australian 
opposition to the immigration of the yellow 
races, who have secured a precarious footing 
along the northern coasts. Her(‘. again, an 
ample population would bo a bettei* safeguard 
than legislative enactments. 

QUEENSLAND 

Queensland (068,000 sq. miles), is a dis* 
tinctivcly tropical colony. The Dividing Range 
recedes from the coast, giving Queensland 
navigable east-flowing rivers, whose alluvial 
lands receive abundant rains from the Pacific. 
The lands round the (lulf of Carpentaria receive 
less rain, while the interior is dry. 

The Forests of Queensland. The 
coastal lands of Eastern Queensland were 
originally densely forested ; but with the 
advance of settlement forests arc rapidly dis- 
appearing. Sawmills have sprung up in all 
directions, and in the forest clearings maize, 
tobacco, sugar and cotton are planted. Coffee 
has been introduced into the scrub lands of 
Northern Queensland. An immense variety 
of fruits can be grown, including the coconut 
and date palm, the banana; which growwS wild, 
the pineapple, orange, lemon, mango, and 
many others. 

In the Dividing Range the forests remain 
in their original magnificence. “ Centuries old, 
arid towering 200 ft. above you, their topmost 
branches massed with orchids and lichens, 
rise the huge, russet- brown columns of the 
bunyas, the ringed, majestic heights of the 
ine, and the smooth white pillars of the 
eech, 100 ft. without a limb. Festoons of 
brilliant creepers and the thick cordage of the 
scrub vine swing overhead. At times you pass 
down avenues of white and yellow orchids, 
past beds of arum lilies, and between dark- 
grocn walls of .scrub myrtle, or through a minia- 
ture forest of tree ferns. Here the moss-cov,ii*ed# 
ti%nk of some fallen cedar giant shows amidst 
a rambling mass of wild raspberry bushes ; 
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there a huge Moreton Bay fig-tree spreads a leafy 
shade, its hollow trunk a network of grey cables, 
inside which a man can climb for 40 ft.” 

The Darling Downs West of the 
Divide lie the grassland.s of Queensland. The 
richest portion is known as the Darling Downs. 
This is a fertile and well -watered plain, some 
70 niile.s by 30, surrounded by mountains whose 
streams have co veiled the Downs with fertile 
alluvial black soil. At present it is mainly a 
pastoral and fruit-growing region, but mixed 
farming and co-operative dairy mdustrie.s are 
developing. Largo areas are being sown with 
wheat, maize, and lucerne, and as settlement 
advances (he Darling Downs will stipply wheat, 
•cereals, potatoes, and malting barley, as well as 
butter, ehe('s<‘, bacon and fruit. The pastoral 
piaxluots of these and the other grasslands — 
wool, hides, meat , tallow — are of great value. 
There is a large export trade in frozen meat, 
and along th(^ east coast are many freezing 
works, boiling down works, preserving works, 
and chilled meat stores. 

Mining Industries of Queensland, 
'riie mineral wealth of Queensland consists of 
gold, silver, copper, tin and, in fact, most metals, 
and many prt*cious .stones, sucli as sappliire.s. 
Among many famo\is gold mines Mount Morgan 
may be m(mtion<*d. ()riginally bought for £1 
an acres it has j)aid nearly £5,000,000 in dividends. 
C'liarlers Towers has yielded over £14,000,000 
since 1872. 

Artesian Wells. The western part of 
Queensland is diy, but in recent years it has been 
found possible to obtaii^ water by sinking deep 
artesian wells. U]) to June, 1902, nearly 950 
such wells had bi‘.en sunk, the deepest of which 
w'as over 5,000 ft. while several others exceeded 
4,0(K) ft. Many hundreds of millions of gallons 
are thus obtained daily, so that a country which 
<a few years ago could not be settled Is “ now 
traversed for miles by the lines of rushes which 
follow the overflowing waters as they meander 
for miles over the downs, led in channels formed 
by huge ploughs made for the purpose ” 

Towns of Queensland. The towns 
are chiefly along the coast, opposite breaks 
in the Great Barrier Reef, which skirts the coast. 
Brisbane, in South Queensland, the capital, is 
the outlet for the rich Darling Downs region, 
in which are situated Toowomba and Warwick. 
Other busy towns are Maryborough, near a sugar, 
gold, and fruit-producing region ; Rockhampton, 
the chief place in Central Queensland, the outlet 
for wool and other pastoral produce, and for the 
gold of Mount Morgan ; Mackay, a sugar town ; 
Townsville, the principal port of North Queens- 
land, connected by rail with Charters Towers 
and other goldfields; and Cairns, in a district 
growing rice, sugar, coffee, cacao and other 
tropical produce. 

NEW SOUTH WALES 

New South Wales (310,000 sq. miles) is 
the oldest Australian colony. The olimato is 
sub-tropical in the nortli, while the difference 
between winter and summer temperati^es is 
not great in the east. The south is tem^rate. 
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In the interior, where the liejii of suninu-r is 
intense, the range of temperature is imicli 
greater. TJic rainfall of tlie east (^oast is giaier- 
ally sulhcieiit, ]>ut west of th(3 Dividing Kange it 
heeonies very scanty, and long periods of drougJit 
are common. 

The Dividing Range. This is from M)d ft. 
to 7,000 ft. high, and fronts tin? coast steeply at a 
distance of from 30 to 1‘20 miles. It eiilmiintes 
in Moimt Townsend, in the Kosciusko grou|), 
which just rises above the snow line, and secures 
to the Murray a permanent flow. The eoastal 
belt is fertile and crossed by many small rivers, all 
liable to flood after rain. W<’St of tiu' Dividing 
Range lie pastoral regions drained by the fan- 
likc tributaries of the Murray and Darling, 
many of which arc empty in the dry season, aiifl 
flood the country after heavy rains. Tliis region 
passes gradually into the desert, on the margin 
of which the camel has been introduced tor 
transport purposes. 

Resources of the Colony. About one- 
fourth of the colony is wooded, and the forests. 


which are mainly com]>osed of various s[H‘eies of 
eucalyptus, yaofluce some* Ijciutifiil (‘ahineV 
wooils. There are many sawmills in tlu* fon‘st 
an ‘a. 

Agriculture is carried on in the hett<u‘ watered 
east, and is growing in the Kiv(‘rina district. 
W heat and maize are the clii(‘f cereals, llu' forrufu* 
])rotlueing ilour of su]):*rtine (juility. The 
hn*wing industry is «lev(*l()pirig. Sugar is culti- 
vated in the hoi ter northern part of the enloiiy. 
Tlie ora.ng(‘ is the chitd truit ,t>r()\vn. In the drier 
west, agriculture is dillicult., hut in the irrigated 
districts various fodder crops are raised. 

TJu* minerals of New Soutli Wales are valuable. 
(;oId is widely distributed. Silver and silver-lead 
are abundant round Droken Hill in the west, 
(’oal is mined round Newcastle, lllawarra, and 
l/ilhgow, where iron is smelted. Opals are found 
in .some distiiet*^, though they are not of the 
flnest (piality. 

Tlie great resource of New South Wales is 
the pastoral industry. In IflOl the colony 
contained 2l,tKX),()()() "sheep, the merino bre(?d 
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predominating. Where herbage is poor the 
runs have to be very large, but the productive 
power is enormously increased when irrigation 
from rivers or artesian wells can be carried out. 
Rabbits are a great scourge, and rabbit-proof 
fences are erected at groat expense in the 
pastoral lands. The products of the pastoral 
industry are wool, hides, leather and meat. 
Meat preserving, boiling down, and wool- 
washing establishments are numerous. Bourke 
and Wilcannia are important pastoral centres. 

Drought in Australia. A vivid account 
has lately been written of the horrors of an 
Australian drought. “Sunrise comes with a 
fiery red glow, and a scorching wind. Aftt^r a 
hasty breakfast waslu;d down by ruilkless tea. 
the pastoralist throws himself into the saddh^ 
and rides to the big station tanks io superintend 
the W’ork. Round tlie shrunken pool of yellow 
water stands a row of sheep, unable from sheer 
weariness to extricate themselves from the mud 
into which they have rushed in their eagerness 
to drink. The o-wner looks at the bleat ing ani- 
mals, mere skeletons covcTod by wool and hide, 
with a dull wonder that they have lived so long. 
He rides on. On all sides are skeletons and 
decaying carcasses. Not a blade of grass is to 
be seen anywhere, nothing hut the scanty black- 
groen foliage of the gums, and in the distance 
the grey, dusty mulga-scrub. He heads for the 
scrub, crossing the creek bod. now dry and 
choked with dust.' Men are cutting down the 
mulga, the only food the station atTords to the 
starving sheep. The animals eat it,"* but not 
eagerly, even though they are starving, for it is 
tough and uninviting. The next visit is to tlie 
stud flock, once the pride of tluj stat ion. From a 
deep water-hole a man is pumping water into 
troughs, while another is opening bags of chalF. 
This is hand feeding and an expensive busin<*ss. 
Every sheep costs Od. a day to feed, for the chatt 
has to be brought hundreds of mile.s by boat 
and train, and last of all by team or camel train. 
The sun climbs higher, and the feeble sheep 
creep into the shade of the gum trees. Men set 
about removing the hides and wool of those that 
have recently died. The choking wind swrcei)s 
across the sun-baked land.” 

Towns of New South Wales. Sydney, 
the capital, has now eclipsed its former rival 
Melbourne. It is the terminus of many import- 
ant steamer routes both from east and w^est. Its 
harbour on Port Jackson is one of the flnost in 
the world. “ One might live in Sydney a life- 
time and then not know evciy arm and nook of 
Port Jackson. Each of its inlets is, in a way, 
a reproduction of the main harbour.” The city 
is built in red and yellow' sandstone on the heights 
roimd the bay, and presents a fine appearance 
from the sea. Newcastle is the second town 
and the principal ’ seaport north of Sydney. 
Goulburn is an important centre in the south. 
Bathurst, 150 miles west of Sydney, is the centre 
of an agricultural, pastoral, and gold-mining 
district. Many other towns arc on the road to 
prosperity, but at present population is too 
much concentrated in the capital, Sydney. 


VICTORIA 

. Victoria (88,000 sq. miles), though the 
smallest, is the most densely populated of the 
Australian Colonies. It occupies the extreme 
south-east of the Continent, and has many good 
harbours, of which the finest is Port Phillip, 
which forms Melbourne harbour. 

Victoria is crossed from east to west by the 
Australian Alps, rising to over 6,000 ft,, a con- 
tinuation of the Dividing Range. The moun- 
tains arc forested, and contain many giant 
eucalyptus trees, some of which exceed 400 ft. 
in height. Pan palms, tree ferns, and acacias 
are also common. ^Flic southern slopes are drained 
by short rivers, whii;h cross the fertile Gippsland 
district to the sea. The northern slopes are 
<lrained to the Murray. West of about 145^^ E. 
the rivers do not reach the Murray, but dry up 
or end in salt lakes or swamps. This forms the 
Wimmera-Mildura district, the poorest part of 
the colony. Much of this region is covered with 
malices scrub, inUTspersed with the salt bush, 
and occasionally with good pasture gras.s. 

The climate of Victoria is temperate, with hotter 
summers than our owm, and winters cool enough 
for an occasional touch of frost, which disappears 
as scon as the sun is up. Tlic rainfall of the 
coast is about the same as in Kent, but in the 
Witnmera district it becomes very scanty. It 
is cvciywhcrc irregular, and seasons of drought 
alternate with disastrous floods. 

Products of Victoria. The leading 
occupation of Victoria is shoe}) farming, the wool 
produced being the (incst in the world. The 
merino sheep has been introduced from Spain, 
where the climate is not dissimilar. The wool 
is longer, softer, and more lustrous than any 
other. Other pastoral products are hides, meat 
and dairy produce. 'Hie dairy industries are now 
adopting co-operative methods,- as in Denmark 
and Sw itzcrland, and largo quantities of butter arc 
consigned to the European market. 

Next to wool ranks gold, most of which i.s 
minted at Melbourne. Bendigo and Ballarat 
are famous centres. At Bendigo is the deepest 
gold mine in the world (3,360 ft.), and several 
othei*s arc carried down to 3,000 ft. 

The agriculture of Victoria is rapidly develop- 
ing. The dry, warm climate suits wheat, which is 
increasingly grown. Tlie yield is small, but the 
flour milled from it is of exceptionally fine 
quality. Fruit growing is important, and apple 
orchards are numerous. The warm climate, with 
w'inter rains, resemblcjs that of the Mediterranean, 
and the vine is grown with great success. Some 
wine and light grape brandies are now made. 

Towns of Victoria. Melbourne, the 
capital, on Port Phillip, is the rival of Sydney, 
and the seventh city in size in the British iSmpire. 
With its suburbs, of which Williamstown is the 
most inrcortant, it covers an area of 200 sq. 
miles. The fine harbour of Port Phillip is 
entered between the Heads, beyond which the 
Bay opens out like a great inland sea. Geelong, 
on the western shore, 45 miles from Melbourne, 
has woollen manufactures. The gold town of 
Ballarat is the second city in the colony. 


Continued 
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t'oiiUnmuI from iin«n 


By Dr. C. W. S ALEE BY 


must now considor the classical discovery 
of Wohler, made in 1828. Tliis clieniistwaa 
the discoverer of the cyanates, and this discovery 
was the starting point of his arlilicial jireparation 
of urea. Wohler found that when cyanate of 
potash reacts with sulphate of ammonia there 
is produced, as might he ex)^ect(‘d, cyanate of 
ammonia, having tlie formula NH,(;!N(). (The 
reader will not be puzzled by this formula. He 
will recognise in it the ammoniii and the oxidised 
product of prussic acid which W'c hav<' already 
called cyafiic acid.) 

But this cyanate of ammonia is not stable 
as such. The atoms of its molecules undergo 
almost immediatc^ly a rc-anangement Aviihiii 
the molecules, producing an isomeiic substan(‘e 
none other than urea — which is a ehara**! eristic 
end product of the breaking down of proteids 
in the living body, and the constitution of which 

is best represented by the formula 00 [ 

Urea, or Carbamide. The strict 
cliemical name for urea is carbamide, a name 
which suggests its constitution. Two othcT 
processes of its artitieial manufacture must 
be noted besides the process which will have a 
permanent place in chianica-l history. There 
is closely allied to carbonic aiad — which is 
really carbonyl hydroxide CO(OH).. — a gas 
known as phosgene or curbonyl chloride. 

If this gas interacts with ammonia, urea, and 
hydrochloric acid are produced, (X)C1.. ? 2HXH.. 
-CX)(NH.,).> 

Again, if ammonium carbonate be heated to 
about 130° C. it loses two molecules of water 
and yields urea. 

But there is a method by which urea is pro- 
duced naturally and thi.s is of the utmost im- 
portance and interest. Tt is the most eharactiT- 
istic constituent of the secretion of the kidneys 
in man and the low^r animals in general. It 
is derived from the breaking down of proteids 
in the body. The^si? may lie ('ither proteids 
of the body or proteid.s of the food, which hav«^ 
served various purpose-s, a'ml the last stage of 
the chemical degradation or simplification of 
which is represented by urea. About 500 grains 
of urea leave the body evtay day when a mixed 
diet is taken. The quantity falls to about 300 
on a vegetable diet and rises to about SOO on 
an animal diet. If the subject goes without 
all nitrogenous food — which he can do for only 
a short tim^he still produces about 200 grains 
of urea in consequence of the breaking down of 
his proteid or nitrogenous tissues. Urea leaves 
the body by the agency of the kidneys, but is 
not procluced in those organs. Their function 
is merely to select it from the blood, and in this 


re.sj)eet it may be noted that a eeibiin amount 
of help is given them by the sAveat gland-s of 
the skin, which are eapalile of excreting n(» 
n<‘gligiblc jiroportion of urcji wlien the kidneys 
an* out of order. Tt is known that the organ 
which produces urea iii the body is tlu^ liver, 
and r)f the many siibsinrici's from w^bi<*li the 
liv<*r forms urea, thre<* may b»^ ((noted- ’ 
ammonium earbonat-e, ammonium Jaetate, and 
ammonium carbamate. TJu'se IbrcN^ substances 
are the chief iniim'diato antecedents of ur<*a. 

Relations of Urea- Tin* pr(Ae(*ss by 
which urea is formc'd from ammonium carbonates 
(Uitside of the body suiliecs to explain the 
manner in which the liver i^lleets a similar 
ehang(^ within tln^ body. Wc* must, also nc>t(* 
the fashion in wbieli iin'a. is pro(lue(‘d from 
ammonium earlHimate. '.riie relations of the 
body known as carbarn ie arid will be r(*adily 
seal from the accompanying formula* : 

C^irbonie Acid .. 

Carbamie Acid .. 

Uarbamid(‘ (Urea) 

It is, in .slioi t, a. half-way house betwoc'U earhonie 
acid and iir(*a, or earbamid(*. Tin* earliamate of 
ammonia has the formula of earhamiet acid 
plus the formula of ammonia. ’'Pin? r(*ad(‘r wall 
se(*, if he writers this formula, out, that the 
iibstraetiou of one molecule of water from it 
Avill leave a molecule having tin* formula of 
un‘a. 'riuis, in tioth th(*se easi's the action 
of the liver is om* of (h'hydration ; and both of 
tln.'se actions can be (irodiieed outside the body 
by ln*at, sin{‘(* ammonium earbamate, like tln> 
carbonate, yi(‘lds ur(‘a and wab'r when heat(Ml. 
Ordinary sm(‘lling salts, hy tin* way, consists 
more of ammonium carbamate than of its 
nominal constituent ammonium earbonaU*. 

Urea is a Base. Tts r(‘aetions with 
acids prove that ure.'i is a ha,S(*, for it r(*adily 
forms a number of salts. One of these, the 
nitrate of urea, i.s utjli.sed on ae(*ount of its 
relative insolubility. Jf tln^ sc^erction of tlio 
kidney be evaporated to a syrujiy consisbmee, 
and tiieii nitric acid add(*d, the nitrate of urea 
is foruuHl. This can be decomposed by hariuni 
carbonate, yielding barium nitrate, earhonie 
acid and urea, which is separated from tho 
barium salt by moans of alcohol. Urea fornis 
white prismatic crystals which are very readily 
soluble in alcohol and in water. It is so soluble 
and dilTusible that its removal from the body 
is an extremely easy matter. In these physical 
characters urea markedly differs from another 
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substance which wo are shortly to study, nric 
acidy whicli is the characteristic end product 
of the cheittieal degradation within the body 
of a particular kind of protcids which arc known 
as the nucleo-proteida. 

Other Reactions of Urea. Just as 
urea and whaler are produced by the decom- 
position of ammonium carbonate, so, under 
other conditions, urea and water can be made 
to form ammonium carbonate. Tliis synthesis 
is also efTected by tlie vital activity of an omni- 
prc.sent mi(Tobe which is known as the hm'illus 
ureip. 

The estimation of the quantity of nr<‘a pro- 
duced by the body every (lay is a matUa- of the 
first importanee in a very lavjro niimher of 
diseases, an 1 is usually tace()m])lislu^d l>y the 
estimation of the volume of nitrog(‘n given off 
from a given quantity of urine when the urea in 
it is deoompOH(*(l by the addition of a solution of 
hypobromite of sodium. . Tliis salt luvs tlie 
formula NaOBr, and is a powerful oxidising 
agent. Carbonic acid is formed, hut is absorlx^d 
by the free alkali in the liypobroinite solution, 
nitrogen alone- being evolved and measur(‘d as 
soon as it has cooled. 

Some New Organic Acids. There 
remain a few important organic aci<ls derivt'd 
from the hydrocarbons that avc must briefly 
discuss. They have varying claims to attention, 
the first being of great importance as a i)oi.son, 
while others are very valuable constituents of 
various fruits, and help to account for their 
dietetic value. , Tartaric acid, which belongs to 
this group, lias already been discussed in part. 

Oxalic Acidi Wo have already seen that 
all the carbon acids contain tlie group carboxyl, 
COOH. The formula of oxalic acid is simply 
twice that of carboxyl, ft may be prepared, for 
commercial purposes, in niaiiy way.s, and occurs 
naturally in certain plants in the form of its salts. 
Thus, the oxalate of lime is contained in rhubarb, 
while the hydrogen potassium salt occurs in 
sorrel, and is thus known as salts of sorrel. 
Oxalic acid is largely used for cleaning straw 
hats, so that in some parts of the country it is 
known as bonnet acid. We have already re- 
ferred to it as an acid which exercises poisonous 
actions indopendenily of the actions common 
to ail the strong acids. Thus, a soluble salt of 
the acid is almost as dangerous as the acid itself. 
It acts upon the central nervous sy-stom, causing 
drowsiness and stupor. The essential pari of 
the treatment in cases of oxalic acid poisoning, 
which is lamentably common, is not merely 
to neutralise it, but to form an insoluble salty 
and this can be done by the administration of 
any preparation of lime. Clever and well- 
trained policemen have not infrequently saved 
life in these csvses by scraping whitewash from 
a wall and administering it to the patient. 
Salts of sorrel is often used for the purposes of a 
poison, and is practically equivalent in its 
action to oxalic acid itself. Broken-down crystals 
ol oxalic acid are sometimes sold bjg mistake 
as Kpsom salts or, sulphate of magnesium. 

Malic Acid. This is another form of 
organic acid which naturally occurs in various 
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forms of vegetable life, and espe^jially in apples, 
from the L^itin name of which {Maltim) its name 
is derived. Like lactic acid, malic acid contains 
an asymmetrical carbon atom — an important 
term already defined — and therefore rotates the 
plane of a ray of polarised light. 

The natural fi,cid is left-handed, and an ariifleial 
a'5id can be prepared which is optically inactive, 
consisting of a mixture of right and left-handed 
aeids. 

Tartrates. When discussing the work 
of Pasteur we said all that need be said about 
tartaric acid, but- sonu^ of its salts a.rc worthy 
of mention. The hydrogen potassium salt is 
known /is cream of tartar. A double Sfilt of 
]K)tassium and sodium is knowm as Rochelle 
salt. Cream of tartar is deposited on the sides 
of wine casks in the crud<; form known as argot. 
It is used in medicine, having the characterislic 
jiroperties of salts. Rochelle salt is produced by 
the addition of cream of t,a!tar to /i hot- solution 
of sodium carbonate, and is simil/irly employed 
in medi<dne. ft is on^' of the chief ingredients 
of a sehlli! /, powder. (The road^'r must not con- 
fuse argoU tlv* silt, argon ^ the gaseous element, 
and Algol, the famous double slar.) 

Tartar Emetic. Much more important 
in some ways is the, salt known as tartar emetic^ 
or tartarafed antimonj/, which may b(? somewhat 
loosely doserihed as a t/irtrat/* of potassium and 
antimony. It is prepav(*d by the interaction of 
cream of tartar and antimonious oxide. In 
former davs t/irtar emetic w'as very largely 
used in medic iiio, but we recognise nowadays 
that, since it cont/iins antimony, it is a proto- 
plasmic poison. Its administration causes ex- 
treme depression, and, despite its name, it should 
never on any account ho used as an emetic. 
Indeed, it should be abolished altogether from 
the Pharrruicopdha. In cases ftf acute poisoning 
by this dangcM'ouH salt, the symptoms of which are 
very similar to those of arsenical poisoning, the 
patient’s strength must be conserved in every 
possible way, and tannic acid, or strong tea 
containing tannic acid, forms one of the best 
ant idotes. 

Citric Acid. Citric acid has already been 
mentioned as a typical organic acid which, for 
reasons wc have explained, actually increases the 
alkalinity of the blood. Some of its many sources 
have already been named. It crystallises in 
rhombic prisms, is readily soluble in water, is the 
most pleasant to the t/iste of the organic acids, 
and has a calcium salt which is noteworthy in 
that it is less soluble in hot water than in cold. 
Citric acid may bo taken freely in beverages 
without any fear that it will attack the enamel 
of the teeth. Citric acid is also deservedly 
famous as the specific preveniativo of the disease 
called scurvy or scorbiUuSy which was once the 
sailor’s curse. At times this disease has 
threatened the safety of the British navy, but 
forty years ago the carriage of lime-juice — 
containing citric acid — on board ship was 
made compulsory, and now the disease has 
become extremely rare. It is interesting to note 
that doctors are quite at a loss to ejrolain the 
disease, though there is* none more easily c^ired. 
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Nowadays they arc much more familiiar u ith in- 
fantile sonny. This disease very commonly occurs 
among children fed oxclusivoly upon stcriHsed 
milk. Indeed, a baby fed on nothing but 
steriliaod milk will develop scurvy. Tin', more 
addition of a tea^poonful of orange- juice — 
containing citric a<;id— to the djiily diet of such 
a baby will cure or prevent the disease. Pro- 
bably the most important fa(;lor in tlie relative 
success of Arctic exploration in more recent years 
has been the prevent ion of scurvy among t h(^ crews 
by the simple expedient of c«arrving lime-juice, 
the essential constituent of which is citric c.cid. 

Uric Acid. The. last acid of this group that 
we need consider is known as uric acid, and h is 
the empirical formula It is a 

subsidiary constituent, of itho s<xu’etion of the 
kidney in mammals, including man. Tn birds 
and reptiles, however, tlie kidney se<u-etion of 
which is solid, urea scarcely (X;ciirs at all, and is 
replaced by urates. About ten grains of uric 
acid are daily secreted by man, not in the form 
of acid, but as its sodium salt. It is exclusively 
derived from the class of protcids known as 
naclen-proteids, which have this name b(‘cause 
they arc characteristic constituents of the mn lei 
of living cells. No qiiantity of a simple protekl, 
such as white of egg, in lh<^ diet, will increase? 
the secretion of uric acid. On the other hand, 
the characteristic proteid of milk is a miclco- 
protcid, and allied bodies are contained in meat 
in general. Furthermore, tea and eolTee are. 
capable of yielding uric acid. Now, tlien^ is a 
modern and popular doctrine that most, human 
ills are due to the occiirrcnco of uric acid in (‘x- 
eessivc quantity in the blood, and there is some 
small percentage of truth, at any rate, in this. 
Organic chemistry has so far advanced, however, 
that in cases where “ uric-acidjemia ” is really to 
blame, the diet can be so modified that scarcely 
any uric acid is derivable from it . Such a diet 
will be vegetable, and will include eggs and 
milk, which are of no practical importance as 
yieldcrs of uric acid. The point to recognise is 
that uric acid is produced only by a certain 
group of proteids — besides malt liquors - and 
that if these be omitted, any quantity of other 
proteids may be taken. It is sah; to say 
that, on the ground of excessive production 
of uric acid, and on other grounds, we must 
judge as very excessive the amount of meat 
consumed by the overwhelming majority of 
prosperous people in this country. Among 
the most characteristic constituents of meat, 
found most abundantly in meat cxtrjicta, is 
sarcin. This, when oxidised, yields another body 
called xarUhin. The chanujteristic alkaloids of 
tea, coffee and cocoa are derived from xanthin. 
Extracts of meat, tea and coffee liavo their use 
— and Unfortunately their abuse — as stimulants. 
They are destitute of any food value, and arc 
therefore worse than useless where stimulation 
is not' required, since the first, at least, leads to 
the formation of uric acid. 

The .Carbohydrates* We must now 
consider the last group of paraffin derivatives — 
the carbohydrates. The term has already been 
defined^ and when we discussed formaldehyde 


reference was made to the theoretical fashion 
in wliicli we may imagine the carbohydrates to 
be synthesised in })lants— wliieli, uhtil recently, 
were tlieir sole source. Lat(‘ly, however, the 
artiticial synthesis of certain carbohydrates lia.'^ 
be<'n added to the suhievements (ff syntheti<‘ 
chemist ry, and the noteworthy fact is, that it is 
forma Idehytle from whicli the ela'iiiist starts. 
Wlum a solution of formaldehyde in \vat(‘r is 
shaken witli milk of lim<' and filtered, tluu’e is 
produe(*d a suhstaruH* called foruKtsc. wliiih is 
itself none otlier tliarj a carl)nhyilrate or mixturt' 
of earhohydratos, aiul has the sanu' tuupirical 
formula as the typical sugar, < \jH. , 

We cannot lien* discuss the rt'iuarkahle work 
which has iM'cn done u]m)u IJio constitul ion and 
chemical n*lations ('f the sugais and tlieir 
derivatives, (hemists Jiave found, however, 
tlial th<‘sc e.arbohyd rates must really he looked 
upon as eomjilox examples of other paraffin 
derivative's, which We liave already studied. 
Some of them are rt'ally alcohols, some are 
aldehydes, some are k( ‘tones, and so on. 

Dextrose or Glucose. This very 
important and typical sugar has the enqiirical 
formula It oeeurs in many fruits, 

and is prodmed in the blood in larg«^ quantities 
in Die dis(*ase kmiwii as diuhdfs. Jn these cases 
it is derived from various carbohydrates of the 
diet, or, failing llu*m. evt*n from prot{uds, well 
})roving the. ex{r(‘me compU'xity of the molecular 
constitution of these hast, (dueosi* is also pro- 
duced outside Dk* body from other carboliyd rates, 
such as starcli. wliicli has tlie formula (\. II ,oO.. 
If this be boiled with a dilute acid, each iuol(?oul(? 
of starch takes uj) one mole(‘ule of w^ater, yielding 
dextrosi*. (..ane sugar also yields d<‘xtrose if 
it. Ik* boiled w ith a. dilute a(*i(j. Us formula is 
and this, )>his a molecule of water, 
yiekls two molecules of /Vs wo shall 

se(‘, liowever, tJi(*y are not both luobM’.ules of 
dextrose*, tl)ough they have* the same fe^rmula. 
for the* j)re)duet is found to e-emsist of two .sugars, 
one dextro-reitatory — dcxfrosr -and the other 
la*ve)-re)tateu’y — /tTfve/fAwr. The net aetiem of the 
mixture*, lioweveM'. is la vo-reitatory, where.*as the* 
original cane sugar was de?xtro-re>tate)ry, and 
thus the cane sugar i.s said to have unde*rgone 
the* prex*(.*ss e)f incersinn. 

La*vuleise is fexuiel to aeeompany dextrose in 
fruit aixl in honey. Ihitli oi these .sugars are 
readily <le*compe.)Ked by ye'ast, yielding aleolu)! 
and carbonic acid, as wc have seen. 

Tests for Glucose. The* 7)re‘s<*nee eif 
glucose ill the* .s(*eretie)n of the kidney indieat(*s 
it.s excessive pivsence in the hlejod, and is a 
matter of extreme* iin))e.>i‘1ane<‘. Thus chemical 
tests for glucose, have lK*e*ri veay carefully investi- 
gated. The* most familiar of th<*so consists in 
the employment of what is called Fehling’s 
solution.” I'liis consists essentially of cupric 
oxide, CuO, w'hieh is reduced, under the inffucnce 
of glucose, into cuprous oxide, CiuO, forming 
a rod precipitate. Various other be^dies beside's 
glucose, hoAvever, may effect this reduction, and, 
therefore, other tests arc necessary. One of the 
best is the fermentation tost, wdiieh is carried 
out by the use of yeast ferment. 

. 370.1 



OHKMISTItY 

Cane Sugar and Milk Sugar^ We 

have already seen the formula of cane sugar or 
aaccharnse — ^the characteristic sugar of the sugar- 
cane, the beet, and other plants. This extremely 
valuable food is not utilised in the body as such, 
but as glucose — the final form in which the body 
utilises all its carbohydrates. Cane sugar is not 
capable of fermentation until it has been hydro- 
lysed to form (h'xtrose and hevulosc. Itefevcuieo 
already bc<ui made to lactose, or milk sugar, 
which lias the same formula as cane sugar. Its 
sweetness is not very marked. It is less soluble in 
water tlian most sugar's, and it is very resistent to 
fermentation, being thus specially fitted for milk. 

Starch and Cellulose. If wo ex- 
amine a potato through the microscope, \ve tind 
that it consists of a large number of granules 
of starch boundt'd by a tougli wall. '^I'lio con- 
tents of the granules are often known as (jmuti- 
lose, while tlieir walls cauisist of ccltalose. Both 
have the empirical formula "(0,jII, Cellu- 

lose is ontindy indigt^stiblo by any fonutuit in 
the body, and tlvus tlic value of boiling a potato 
consists in the. splitting of the starch granules 
so that the dig(‘stive juices can act upon the 
starch which they contain. Starcli is tlie ])re- 
ominent form in wliich vegctalile life stores its 
energy. Tin? “ n ” in its lunpirical formula 
doubtless corresponds to a very high number, 
and tJiore are veiy many substances which have 
similar formulie and may Ixj regarded as modi- 
fications of starch. Among these is dextrin or 
British gum, a yellow powder which can Iw pro- 
duced by heating starcli to ‘2()0‘^ 0 . It is solubk? 
in water, and can be chemically distinguished 
from starch by the fact, that it doe.s not yield, 
with tincture of iodims that intense bhie colour 
which anyone (lan see for himself who drops the 
minutest trace of the tincture on liis collar. 
The animal btxly also contains a substance called 
glycogen^ which has the same empirical formula 
as starch, and is sometimes called, animal starch. 
It is produced from glucose, and stored u)> in 
very largo quantities in the liver, which can 
hydrolyse it again into glucose and serve it out 
in the latter form to the blood as a source of 
energy, according to need. 

Digestion of Starch by Hydro* 
lysis. Starch itself is readily converted into 
sugar outside the body by boiling with dilute 
acids, and also by the action of a ferment called 
diastase which, as we have seen, is found in the 
barley grain and in other germinating seeds. 
Hio starch first changes into dt^xtrin and then 
into dextrose. A similar ferment occurs in the 
saliva, where it is known as ptyalin. An essential 
part of proper treatment of the food consists in 
due mastication, which means due admixture of 
the food with the saliva. Thus swallowed, the 
starch of thi'> food undergoes change by hydro- 
lysis into sugar in the stomach for twenty minutes 
or half an hour, before the ijrpccss is arrested by 
secretion of hydrochloric acid by the stomaclx 
wall. The pancreas or sweetbread also produces 
a very much more powerful ferment, called 
amylopsin, which is poured into the bowel and 
converts all the starch hitherto undigested into* 
dextrose, in which form it is absorbed. 
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We have here discussed only the most impor^ 
tant of the large group of substances which may 
be classed as the carbohydrates and their dori* 
vativcB. A point necessary to bo emphasised is 
that wc must not allow ourselves to 1x5 deceived 
by the name carbohydrate, nor by the apparent 
simplicity of the empirical formulas of these 
bodies. Even if we consider formaldehyde itself, 
which has the ideal empirical formula of a carbo- 
hydrate, wo find that its constitutional formula 
is HCOH, and that it is thus in no sense what- 
ever a hydrate of carbon. Perhaps the best 
value that w^o can attach to this name to-day is 
the w’arrant which it ap])enrs to afford for the 
very proba})lo tlicoiy tliat the beginning of the 
synthesis of the carboliydrates by the plant is to 
be found in the union in its leaf of the carbon 
W'liich that leaf has dissociated from carbonic 
acid of the atmos]>h(*re with waiter which has 
been sucked up by its roots from the soil. 

A New Group. We have now devoted 
.all the availabk* space to the paraffins and their 
countless (haivntives. Wc now turn to another 
large group of bodies which are sharply dis- 
tinguished fiom the paraffins by the condition 
of their carbon atoms. In tlie typical paraffin, 
whicJi is nu'thanc, we find tJiat, so to speak, all 
the four-handed carbon atoms are holding some- 
thing. 7108 is true of all the paraffins and their 
derivatives. But wo must noAV deserihe a 
numlK*r of paraffins which aro described as 
vjisafarated, in order to indicate tho fact that all 
the hands of their carbon atoms are 7iot entirely 
occupied. If, for instance, wo take tho second 
jiarallin, ethane ^ wc sc(5 that tho two atoms of 
<*arl)on aro united to one another by means of a 
single hand on the x>*^rt of each, the other three 
hands of each being occupied witli a hydrogen 
atom. But tlici’o is another substance called 
ethylene, which also contains two carbon atoms, 
but whi<‘h has tho graphic formula H.^O ^CHo. 
Ifcre we find that ili<5 carbon atoms are doubly 
linked to one another, but, as ethane has proved 
for us, the second link is superffuous ; one w'oiild 
suffice, and thus it is that these bodies are 
capable of combining with other atoms directly, 
tlius becoming saturated, as the phrase goes ; 
they are therefore known us unsaturated com- 
'j)ounds. 

Tho name applied to othyleno and tho other 
members of its series is the olefines, and we can 
assign to tliem a general formula as we did in the 
ease of paraffins. It is If the reader 

does not rcmeinhcr ,lho general formula of the 
jiaraffins, so that he ran mentally compare it 
with this, he should look it up. 

Various Olefines. The first of tho 
olefines should have the formula CH;., but does 
not exist by itself. It is called methylene* We 
have already stated the formula of the*seoond, 
ethxjlene, often known as olefimt gas. If we adopt 
measures whicJi seem likely to result in the 
formation of methylene, we always find that 
its molecules pair up, so to speak, so that we get 
ethylene instead. This body may bo prepared 
in many ways, as, for instance, the interaction 
of ethyl iodide and caustic soda. This results 
in the formation of ethylene, sodium iodide, and 
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water. The reader should write the equation. 
Tt is also produced by the distillation of ordinary 
alcohol with excess of sulphuric acid. Hydrogen 
ethyl sulphate, as we have already seen, is formed, 
and if this undergoes decomposition, sulphuric 
acid and ethylene result., thus ; 

HC.H.SOi - H.St), f C.H,. 

Olefiant gas is also iDrodueed in tlie destructive 
distillation of wood, coal, resins and fats, its 
production being duo to tlu^ decomposition of 
the methane evolved from these hoditvs. It is 
one of the most important, const itntaits of coal 
gas, being very infianimable, and hiiniing with 
a luminous flame. (It is worth noting, howev(‘r, 
that recent study of the luminosity of flames 
shows that this depends, miif^li niore la.rg(“ly 
than used to be supposed, \ipon the incandc.sct'jicii 
of solid particles within them.) 

Characters of Olefiant Gas. Kthy- 
leno is a colourless, pleasant-smelling gas, very 
slightly soluble in water, but sonunvliat. more 
so in alcohol and ethei*. Under the iufliicYice 
of cold and pressure it becomes U(picticd, and 
its subsequent eva])oration from this state is 
largely used for the i)roduction of extreme 
degrees of cold. The words olefine, and olefiant 
mean oil- making, and eth\l(‘ne was called 
olefiant gas because, when it becomes satu- 
rated by the addition of two atoms of chlorijie, 
yielding CoHiCl.j, or ethylene chloride, the 
product is an oily liquid ; but our ])r(‘vious stiuly 
of the oils will have shown the I'cader that, despite 
their names, the olelim^s havt5 nothing to do 
with them. The other olclines, such as propylene 
and butylene, need not heh^ bo discussed. In 
general, the olefines may be convert (^d into 
paraffins by tlie action of nascent hydrogen, 
as wo should expoc*t. This soon catches on, 
so to speak, to the scarcely occupied hands of the 
doubly linked carbon atoms. As in the case 
of tho paraffins, wo find that as we pass up the 
series of olefines successive members arc found 
to be liquid, and, lat.<*r, solid. 

Oleic Acid. On account of its rt'laiion to 
the olefines, we may here mention oleie arid, 
Ci 7 H;i..^C 00 H, which has alnvady been referred 
to, in our discussion of the fats, but which, as 
wc saw, is not a fatly acid, being related rather 
to the olefines than to the paraffins. This acid 
exists, in combination with glycerine, in most 
fats and oils, especially tho non -drying oils. 
The acid itself is a soft solid below the tem- 
perature of 14° C. We have already seen that 
its sodium and potassium salts are the chief 
constituents of soaps. The oleato of lea<l used 
to be used in surgery as lead plaster — sometimes 
called lead soap. It can readily bo produced 
by rubbing litharge or PbO and olive oil 
together in a mortar, or by boiling the oxide 
with water and olive oil. Olive oil is an impure 
oleate of glyceryl, and the products of the 
reaction are lead oleato and glycerine. 

Acetylene. There remains only one other 
gas which we need study before wo pass on 
to an entirely new series of organic compounds ; 
this is the gas known as acetylene or ethine. It 
has thy formula C^Ho, and may be prepared 
in various ways. The elements unite directly 


if carbon be raised to a very high tcmporaiuri^ 
in the presence of hydrogt'ii. This discovery Wiis 
made l)y Bert helot , in the year ISofi, and is of 
historic inb'rest- since it foniu'd the first stage in 
his artificial synthesis of alcolml. .\(H‘tyUme is 
also ]m)diieetl by an inr t>inplete eoiubuslion of 
hydrocarbons, as, for instanci^, nu'tliaiu'. Part 
of the hydrogen of the methane is o.xulised 
to water, and acetylene n'sults. In practice, 
the acetylent‘ is absorbed by an animoniaeal solu- 
tion of cMiprous ehl(^rid(‘. forming a. sonnovhat 
remarkable explosive compound of a red colour 
known as copper aeehflene, 

Th(‘ gas may also be prodm'cd by ih»^ inter- 
action of chloroform and nictallic sodiunn Tht^ 
read(‘r .should wiite out tlu' c({uation .showing 
how two molecules (jf chloroform and six atoms 
of sodium yield common salt and acetylene. 
The empirical formula of this siihslaiicc throws 
no light. u}>()n its cxtrenu'ly interesting cofistitii- 
tion. Its two carbon* atoms must he reganled 
as united with one auotlier by m(‘ans of not one 
hand apiece, as in the case of (‘thane, nor two 
hands apif'ce. as in tlu' case* of etliylem*, but 
thr(‘e hands apic'ce. 1'his tripl(‘ bond is tho 
eharacteristic of acetylene and its allies. 

Characters of Acetylene. Kthiim is 
.an evil-smelling, (‘oloiirless gas, and is a normal 
const itu(*nt, in varying d»*grce.s, of coal gas. It 
burns with an extremely lumimms fiame, which 
endows it with gr(‘at vahu' as an illuminant. 
Unfortunately it cannot lx; stored wuth safety 
in its Ji(jiud form, whicli is obtairu'd by cold, 
or pressure, or both, siiicc^ it is extremely liable 
to (‘Xt)lode. 

Ilie various mcviiis of maki?ig ac(*tylc‘ne 
wliieh w(* liav(* (jiiotcd have all Ix'cn superscxhxl 
in commerce by aiiothei’ pro(X‘.ss, which was 
first discovered by Wiibler. This chemist 
was tlie first maker of the. compound known 
as the carbide of calcium, and he found that 
this <!om pound was d(‘compos(‘d by water with 
th(‘ formation of lime and acetylene. (Jiirl)id(^ 
of calcium is nowadays fornu'd in the elcctrie 
furnac(^ by tho diri^ct union of the purest possible 
lime and coke. It is a crystallim^ solid, stable 
in dry air, but decom}x>s(‘d by the smallest quan- 
titi(*s of moisture'. The equation for the decom- 
ixisitiori is simplicity itself; 

UaC., + l\',0 - CM. i UaO. 

Needless to say, the lime unites with more 
Avater to form caicium hydrate. 

Acetylem; its(>lf has definite' poisonous pro- 
pr'rties," but soituj of tlie impuritu's which con- 
stant ly occ’iir in it, such as carbon monoxide’! and 
])hos])horettc(l hy<lrogcn, are w’orse. (hvat im- 
provennents have' lately been made^ in the*, process 
of purifying aoc'tylene before', its exjiisumption. 
Croat iniproveme'iit has also been made in tlio 
manner of its (lombustion, VVliem tlie right kind, 
of burner is (.'luplejyed, this gas yields a fli‘.mc 
which, for hrillianee and beauty, is equalled by 
none of its comped itors. Every reMider is familiar 
with it as an illuminant for the head- lights of 
motor-cars. 

The Aromatic Group. We now turn from 
the paraffins, the olefines, and their derivatives, 
to an entirely new series of hydrocarbons, tho 
' * :V707 
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typical representative of which is benzene^ 
Adopting the widest possible classification, we 
may say that tht? bodies we have hitherto been 
diaenssing are of the fatty group, but that benzene 
and its allies belong to the aromatic group. The 
empirical formula of benzcMie is and we 

may A\Tite this in a more generalised form, 
C,iHon_r.* Hydrocarbons of this series, with 
their derivatives, belong to tlic aromatic group, 
a large nuuiber of them being obtained from 
aromatic aiibst.i rices, such as balsams and 
resins. The leading eharaotovist io of this group, 
as a whole, is the relativ^e stability of its com- 
pounds as corapn,r(‘d with those of the fatty 
group. -Here, how(‘ver, we may quote Professor 
Meldola, regarding th(^ relation that exists be- 
tween these two gioiips, and the ijiiotaiion will 
show us the pro])iie1 v of eoncluding our study 
of the fatty groujr with aeetyleno : 

“ TJie division here made betweim fat ty and 
aromatic substancivs must not be regardial as 
one having a sharply defined boundary line. 
In point of fact, the two s(*rics merge into one 
another, and eompounds belonging to one group 
can be transformed into compounds of the otluM*. 
Thus, benzene, the typieal hydrocarbon ot th(‘ 
aromatic group, can ho fornuid directly from 
cthine or aeetyleno, a hydrocarbon of the fatty 
group, by the polymerisation etTccti'd by lH‘at : 

Kthine Benzene.” 

The Characters of Benzene. L(‘t ns 
first consider the sources and characU'rs of 
benzene, and then let us see whether its chemical 
reactions will I'uable us to write its gra])hic 
formula. It is often known as henzoU and the 
name is derivt'd from the gum resin known as 
benzoin^ dcTived from a tro])ical tri'c, and the 
source of the famous antis< j)tic inedieanient 
known as Fi'iar's Balsam. Commercial benzoin, 
however, is obtained from eoal-tar. which is, 
indeed, the principal source of most of the 
members of this series, (’oal-tar is the product 
left behind when coal is distilled so as to jiroduco 
eoal-gas. This coal-tar or coal-tar oil is of a very 
complex composition. It is first of all neutralised 
with soda and with a weak acid, so that- any 
acids or bases present in it may b(^ removeii. 
The oil is then distilk'd, or fractionally distilled, 
certain portions of it. coining over at low tem- 
peratures and others at higher temperatures. 
The “ light oil ” wliich (Jistils over first consists 
mainly of benzene. This is a mobile, colourless 
liquid with a characteristic but not* oilensiv'o 
odour, lighter than water, boiling atalxmt 80® C. 
and freezing at Ti" C. It is very nearly insolu- 
ble in water. Tn accordance with the generalisa- 
tion already laid down, it is extremely stable, 
and can scarcely be oxidised. It burns with a 
fairly brilliant Hame. Under certain conditions 
it can be made to take up six atoms of hydrogen, 
yielding a body the formula of which is C„H|o. 
Or it may take up six atoms of chlorine, under 
the inhuenee of light, giving a body with the 
formula or certain of its hydrogen 

atoms may bo replaced by halogen atoms, as, 
for instance, in di-chloro benzene, C<,H 4 Cl 2 . 

3708 


Graphic Formula of Benzene. All 

these reactions, and a host besides, including the 
formation of benzene, from acetylene — as we 
have seen — by a sort of condensation in its 
molecules when they pass through a red-hot 
tube, led the chemist Kekule to construct a 
graphic formula of benzene, the truth of which 
is now generally accepted by chemists, and the 
evidem^e in support of which might be extended 
over many pages. This celebrated formula is 
known as the benzene, ring, the theory being 
that th<‘ six carbon atoms are united with one 
another in a closed ring or (^hain, on the outside 
of which, so to sx)cak, are attached the six 
hydrogi'ti atoms, one to each atom of carbon. 
If the reader dr?bws such a formula for himself 
without any furllier hints from us. lu* will detect 
a flaw in it, and he will do us a favour if lie tries 
to find out this Haw for himself before reading 
any further. Ja‘( him remember the valency of 
earhon — and consider. 


The Necessary Correction. Plainly, 
it will be ne(*essary for us to supyioso that each 
earhon atom is in a dilTerent relation to its two 
etirhon neighbours. To its n ighhour on the one 
it i- ' by only one lia.nd, but to its 

neiglibour on the other side by two hands, 
AvhiU* the fourth liand is oceiq)i<‘d, obviously, 
uitli an atom of hydrogen. Thus, the formula, as 
t1u‘ read(T originally wrote it out, can bo cor- 
rected by sinqily doubling every other lino 
between the carbon atoms, thus : 

'^riiis discovery of the 
constitution of the benzene 
moleeiik* occupies aii ini- 
X>ortant place in the history 
of organii' eluunistry. We 
may here quoti*. in eonclii- I 

sion, one sinqile illustration ^ 

of the axqilieahilitj'’ of this 
formula to (he facts. Let 
us take, for instan(;e, 

Inuizene h e x a* - e h lo r i d e. 




I 


1 

H 


(i,^IL;(.-l,}, and see how its formula must bo 
wriltim. Plainly, all we need to do is to 
su|)xn’ess th(‘, double bonds in the carbon ring, 
leaving each of the six atoms united to its 
fellow.s on each side by orn* hand only, and thus 
we shall see that hands arcs available for the 
addition of a chlorine atom beside the hydrogen 
atom all tlu' way round. We may note the 
jiarallelism hetwi'cn this and ethylene chloride. 
Onr graphic formula answers other requirements 
with e(|ual satisfaction, and in all subsequent 
study of the aromatic coinxiounds we shall take 
its truth for granted. 


Practical Uses of Benzene. Wc have 
outlined very briefly the pure chemistry of 
benzene, nml have seen how great its interest 
is. We must now consider its practical uses, 
which we can divide under three headings. In 
the first place, it is a very valuable solvent for 
a large number of organic compounds ; secondly, 
it is the starting-point of the great industry 
concerned with the manufacture of dyes from 
coal tar ; thirdly, it is the source of a host of 
derivatives which we may call the benzene 
derivatives or aromatic compounds, and* which 
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arc of great practical utility. As may readily 
bo imagined, the number of difTerent kinds of 
molecules that may Iw derived from one so com- 
plex as that of benzene is illimitable. We may 
choose two of the simplest possible examples, 
and then consider the prodiu;!, .lust as in the 
case of methane we lind it ])ossible to replace a 
hydrogen atom by hydroxyl, so we tind it 
possible in the case of Ixmzenc. The molecule 
is a symmetrical oru', so that it matters not 
which hydrogen atom wc reqniri' it to i\‘plac.c. 
The formula of tlie body just produced will, of 
course, be G,.n-OlT. Its teelinieal nanu' is 
phf.7ioI, the grou]) being known as phcfit/L 

while its common name is rarhdiic arhl. M'o 
take another instance, let ns sul)stitut(‘ tlic now 
lamiliur group carboxyl for a liydrogtai atom, 
giving us the formula (",;IT-CO()ir. Tlu' body 
thus obtained is known as henzoir arid. Lastly, 
let us replace one of the liydrogcui atoms with the 
group NH.j. We sliall tJien have a body Avith 
the formula chemically known as 

pliftiylarniney and commonly as aniline. 

Carbolic Acid. Of these bodies, ))erhaps 
the most im]>ortant and int<‘resting is carbolic; 
acid or ]>henol. In practice it is (d)taincd by 
the treat inc'nt of heavy eoul-ta. oil witli soda or 
potash. If an acid be then a<ldcd, the carholate 
of soda is decomposed and the carbolic* aei<i 
comes over. W(; call this body an acid, but th<; 
loader will understaml that it may also Im* 
regarded as an alcohol. It certainly is an acid 
in that it forms salts, but it docs not redden 
litmus pa]Xjr. We have just as good a title to 
call it phenyl alcohol as carl>olic a<i<l. '^Phe 
commercial product is extremely liable to im- 
purities which commonly give it a reddish colour, 
and many of these are more poisonous and more 
irritant tlian carbolic acid itself — the ma of 
cheap carbolic acid in hospitals being thus an 
unsatisfactory kind of economy. I’nrc (*arbolic 
acid crystallises in lino colourless needl(‘s ; it 
melts at SS'' C., and boils at 18T’ It is biglily 
soluble in alcohol, ether, and oils, but is only 
very slightly soluble in water. The solution 
commonly knoAvn as “ one in twenty,” is almost 
the strongest that can Ika obtained. On tlio 
other hand, one part of water witli ten of carbolic 
acid produces what is )>ractically a ])ure Ii(pnd 
carbolic acid. Even in its aqueous solution 
this substance coagidatos albumin, and it 
exercises a very powerful caustic action wlicn 
concentrated, even though it is not acid enough 
to redden litmus paper. 

Uses of Carbolic Acid. We owe to the 

late Professor Calvert, Avhoso name survives in 
the famous firm of that name, the possibility of 
the manufacture of carbolic acid in a ])tirc form 
fit for US© in medicine and surgery. A crude 
carbolic acid is also largely used for preserving 
railjyay sleepers, its value depending upon its 
antiseptic properties. Carbolic acid is also used 
as a source of dyes, though it is of less importance 
in this respect than aniline. Picric acid, for 
instance, j 3 a brilliant yellow bod}' protiuced by 
Ihe addition of small quantities of nitric acid 
to carbolic acid. Lately, dilute solutions of 


picric acid have been found very valuable in ilu' 
treatment of burns. 

Among the convenient losls for carbolic 
acid may be named Ihe vioh*! colour, gradually 
turning brown, which it yieltls on the addition 
of tlio mirnitest quant it 3 ^*of a dilute* .solution of 
fen-ie ehlorido : and the white piv.ci}»ilatc, 
soluble in excess of phenol, which it yh'lds with 
bromine, water. 

(’arbolie aei«l is a ])rotoplasnnc‘ ])f)i.son, 
directly int<‘rf('ring with all life. It probably 
.acts in virtiK* of its coagnlation of albumin. It 
will alwa^^s be tin* classical nntiso])ti<‘, since it 
was emphyt'd by Lord la’st(‘r in tlu* b(‘ginning ; 
but Ihougb it is still ust'tl in t‘normous qua.ntiti(‘s, 
it is v<‘ry far from ideal. It is relatively weak, a, 
solutit)!! of at l(*ast *2 j)cr c<‘nt. in strength Ix'ing 
necessary to kill the averagi* mierohe. Dissolvc'd 
in oil. this acirl en1ii'<‘ly Jost's its antiseptie 
)>rop<‘rties ; eai bolie oil shoidd tJierefore hi; 
dismiss<‘d from surgical service. I’lie drug i.s 
very ]<‘adilv absorbed by thi* skin - even the 
unbrok<‘ii skin — jaovided. of eourst*. that it- be 
applied in a vaay dilute solution, 'riiis ])ro]KTty 
makes it very valuabU* in the treatment of siuii 
disordcTs as a whitlow, sinet* we can imagine the 
oarbolie acid, .so t(^ speaU, chasing tlu* mierolx's 
under the skin and killing them. 

Toxicology of Carbolic Acid. It has 
fxlrendy Ix'im noted tliat this acid nets as 
a poison indcqu'iidently of its lo<*a,l caustic 
pro|)ertj(‘s. thus r(‘.s(‘mbling oxalic acid. (Vr- 
tainly the acid may kill, in eonse(piene(* of its 
action upon th<* stomach, and in cases of poison- 
ing it is desirable to m‘utr.di.se it with chalk on 
the spot, <)!• to dilute it with white of (‘gg, so as 
to avert its local action ; but it has to l>e r<*mcm- 
Iw'red tJiat any soluble* carholate; circulating in 
the blood will sur(‘Iy kill in e*e)iis(‘qu(‘nc(‘ of its 
a"‘lion u])on iJie ncrve)i]s system, ft is necessary, 
therefore, to consider further the history of 
carbolic acid after absor]>tie)n, anel to see Avhethc*r 
th<*re* are* any che‘mieal m<*ans by which the; 
conseepienei's e)f its .•ibsorj)t iem may be* ne'utral- 
ised. 'riie epiestion is a very impe)rlant one 
to the surge*e)n, b(‘e;ause lie uses (;arbe)lie 
acid so extensively, and because it is nex’(*s- 
sary for him to he able to control irn- 
medial<*ly any undue conseepiena's of its 
absor])ti(jn. Jhit it is also of great i?npe)rtance 
to the* public in geneTal, because the modern 
and wide cm])loyment of earbolie aeid as an 
antiseptic and disinfeetant has lately maele; it 
an e*xtremcly freejuent cause* ejf de*atli by poisejn- 
ing. Tnde*e‘(l, this dangeroeis aeid is so easily 
obtaiuexl, on an^^^ of h luineJr(*d pret(‘xts, that it 
Jias lately come te) rank ihirtl among the 
poisems that iue)st frequently cause death in 
this countiy. 

The True Antidote. On close study 
it is fimnd, the*!!, that carbolic acid entering 
the blood undergoes oxidation in part into 
various innocent substances. The whole of 
the rest of it is converted into sulpho-car- 
bolates, sulpho-carbolic acid being obtainable 
out.side the body by the addition of sulphuric 
acid to carbolic acid. These suJ])ho-cari)()Iates 
are quite innocent, and, tlierefore, sa long as 
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there remains any free sulphate in the blood, 
the absorption of carbolic acid is free from any 
danger. The dose of carbolic acid which causes 
death by its action after absolution is one which 
is 80 great that all the sul])hates in the blood are 
used up, witli the consequence that carbolatos 
themselves are alloAved to circulate*. 

This dis(!OV(^ry is of the greatest practical 
iin])ortance. In the first place, it provides us 
with a test of safety. It is a sinii)lc matter to 
ascertain whetluT a pati(*nt who lias been treated 
with carbolic acid externally or internally is 
exending free sulphates by his kidney’s. Jf free 
sulphates are absent, then danger is at hand. 
If they are present, the treat tu(‘nt may be 
c'ontinued. Secondly, ve are now ])rovi<led with 
a true chemical antidott* to carbolic acid even 
after absorption into the blood. The whole 
danger lies in tlu? using up of the available 
sulphates. We must tlierefore provide more 
sulphates. Any reader of this paragra]ih may 
have the opportunity of saving a life thus 
threatened — suieidally or otherwise - by the 
administration of, say, an ounce* of magnesium 
sulphate — the Ej)som salts which can he bought 
at any chemist’s sho])- dissolved in a tuml>l(‘rful 
of water. The most rapid means of treatment 
consists in thi^ injec tion into a vein of a st(*rile 
solution of half an ounro or more of sodium 
sulphate. 

Nitro«substitution Compounds. The 

action of nitric acid, or a mixture of nitric 
iUid sulphuric acids, upon benzeiu* and its allies 
is to form nitro-suhstitution compounds, of 
which the simplest is known as vitro^benzertf. and 
has the formula C,. 1 1 - N ’I’his is a yellow 
liquid with a pleasant suu*!! elos(*ly re.scmbling 
that of oil of l)it-ter almonds which has the for- 
mula C,;Hr,COH. Nitro- benzene is sometim(*s 
substituted for oil of bitter almonds in the 
manufacture of confectionery, and has thus 
caused death. There is no obj(*etion, however, 
to its use in perfumery. T)i-niiro-ben7.(*nes are 
knotim in which two hydrogen atoms have been 
replaced by the nitro-group. 

Picri(! acid, to which wo have already 
referred, is a nitro-substitution eoiujmund of 
carbolic acid, its technical mune being tri-nifro’ 
fhf’iudy three nitro groups having been substi- 
tuted for three hydrogen atoms of the phenol. Its 
salts are called pkrates. 

Aniline. The body which has tho formula 
— much better written thus than as 
— is often known iis pheni/f amine or 
aynido-heiizene. The name is dc'rived from 
aniU the Portuguese word for indigo, since, in 
1840, it was shown that this body could be pro- 
duced by the action of caustic potash on indigo. 
It is a heavy, oily liquid, colourless, and has an 
unjilcasant smell. It produces a greasy stain 
upon pajier, but tho oil is so volatile that this 
soon di8apj)cars. It burns readily and is oxi- 
dised on exposure to the atmosphere, turning 
a deep brown. It is a poison, and it has been 
shown that the poisonous action of nitro- benzene 
also is due to its reduction in the stomach w’ith 
the formation of aniline. 
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As long ago as 1835 it was knowm that aniline 
produced a fine blue colour when treated with 
calcium chloride. But it was not until consider- 
ably later that this jiroperty of the body was 
turned to j)ractical use. \Ve shall shortly dis- 
cuss the subject, because it affords an extremely 
significant lesson of national importance. 

The Manufacture of Aniline. A 

substance of sueli groat commercial importance 
has to be manufactured as cheaply as possible 
on the large* scale, and the method employed 
ih*pends upon the production of nitro-benzene, 
a body which we have already .studied. This,, 
having l.)(*(*n ))r()due(*d from coal-tar, is reduced 
by nase('nt hydrog(*n which is (‘volved by the 
interaction of iron filings anti dilute acetic acid. 
This is one of those proees.sos in whitdi certain 
of th(‘ r(*ag(‘nts can be used over and over again. 
In this ea.^e ferrous aeetah* is produced, aud then 
ft'rrie acetate, nascent hydrogen being meanwhile 
evolvetl. and (hen the ferric salt is converted into 
hydroxide and free act*! it^ aeitl again. From tliis 
last the anilint* is <listilled over. The etpiation 
representing its foiination is 

.(:,.lf.,NlT.M 2I!.,0. 

4’h<* eornnuaciai prothiet, however, is not pure 
aitiliiK*, hut a mixturt* of aniline with an allied 
body called faluiditu, which is closely allit'd to 
it. Tin* j)resene(* of the toluidine or toluidines 
is nee(‘ssary for the production of colours from 
tho anilijie. 

The Work of Perkin. The famous 
name in the liistoiy of this subject is that of 
Sir VV. H. Perkin, IMI.S., the jubilee of wlu^se 
great di.s(*overv has n*(a*ntly been eelobrated in 
this country. It was in 1850 tiiat Sir William 
was l(‘d to study the effect of mixing the sulphate 
of aniline with bichromate of potash in equiva- 
lent proportions. Aft(*r sonu^ hours, when 
the reaction is complete, the black preejpitab? 
which is formed is washed and purified, and is 
found to consist ess(‘nf ially of the dye best known 
as mani'c. Sir William Perkin ])atented this 
proe(*ss at the age of 18, and it was in eomm(*reial 
<*m ploy men (. in 1857. From that year dates 
the foundation of the t;oal-tar colour indu.stry. 
Sir William met w ith many difth-ulties, hut eon- 
quered them all. ife dis"*o venal lat(‘r a method 
by whic h he could .syntlu^sise the* red dye knenvn 
as alizarin in a fashion eommore ially practicable. 
This country long benefitc'd by his wwk on this 
sul)j(*et. In 1802 it Avas prophesif*d by Professor 
Jlofmann, Perkin’s first teac*her, that instead 
of disbursing her annual millions for these* 
.substanees, England will, beyond question, at. no 
distant day become her.st*lf the gieatest coloiu - 
})rodii(ang country in the W'orld ; nay, by the 
v<*ry strangest of revolutions, she may ore long 
send her coal-derived blues to indigo-growing 
India, her distilled crimson to cochineal-pro- 
ducing Mexico, and her fossil substitutes for 
quercitron and safflower to China, Japan, and 
the other countries whence these articles an* 
now derived.” 

A Lost Industry. Thirty years ago 
it could be said that Hofmann's pre^iotions 
w^ere realised, but they are not true to-day The 
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practical extinction of the coal-tar colour industry 
in the land of its birth is the best-known example 
of an industry lost to a country by sheer care- 
lessness and laziness. Year by year the industry 
has become more and more imj)orlant, more and 
more competent and profitable. Since IVikin 
turned his attention to pure chemistry, having 
given this country a start which slioiild ^uivo bet'ii 
worth millions of pounds, new coal-tar colours 
have been discovered with inerreasing frecpieney. 
At the present moment the industry foundeci by 
this Englishman is a (lerinan industry, and a 
source of enormous and cv(‘r-incrcasing profit- 
to the enterprising peoj)Ie who believe in seit^iee. 
Incidentally, their vigour has destroyinl, or is 
on the way towards the eomplete dtistruct-ion of, 
certain industries of great, iinj^ortanee to our 
Indian Empire, such as th<^ cultivation of the 
indigo plant. In this country, the record of 
which in science is unj)arall(‘l(‘d in ancient or 
modern times, and is probably equal on tl;^* wliole 
to tho entire scientific rc'eord of the rtvst of 
the world put together, seiemee and comimu’c'c 
arc hardly on speaking terms. The maimfael urer 
lias a process whi(‘h yields him profit. If Ik* Ix^ 
a German he is not content therewith — soim* 
of the large (Jerman firms employing mort* young 
trained chemists a.f)i(‘cc than are similarly 
employed in the wholes of this country. Thus 
the German goes on while tlie Englishman stands 
still. Sir William had done far more than his 
share, but since the date — 1874 — when he t urned 
to other subjects, those Avho are so deeply in- 
debted to him have done fmietically nothing. 
The inevitable consequence foIiow(?d. The in- 
dustry went when' its j>rotits were c‘ariK*d. 
Jt is now a German industry, and Sir William's 
reflections on this subject in the yt^ar 
which still finds him liah* and vigorous, would 
jirobably make rciinarkably iut-oiosting reading. 

The Warning of Sir William Huggins. 
Having drawn the read('r’s attention to what 
must surely ioiig remain a ela.ssie inst-ance 
of a national loss thoroughly 'veil deserved, 
Me make no apology for quoting a paragraph, 
wliieh cannot be too widely read, from a recent 
pn^sideiitial address delivered before tlie Royal 
Society by one of the greatest men c)f science 
now living, Sir William Huggins. Referring 
to tho testimony given by thirteen Fellows of the 
Royal Society before a recent Committee of 
the London T^echnical Board, Sir William says : 

“ The testimony of these ex}M*rl witnesses was 
all but unanimous in showing that one of the 
most obvious shortcomings affecting our national 
industries — namely, the relatively small number 
of suitably trained men possessing the technical 
knowledge and creative skill needful for the 
improvement of our chemical, electrical, and 
engineering industries, must be regarded as 
a secondary symptom, following upon tho small- 
ne^ of the demand for such men. Further, that 
this smallness of demand is itself the necessary 
consequence of a wider and more serious state 


of Uiings, whi(;h is affeeting injuriou.sly all our 
national activities — namely, the ahsenc(>, speaking 
generally, of a autlieientiy intelligent apprecia- 
tion on the jiart of (lie leaders of the nation, 
whc*theras l('gislatf)r.s. capitalists, manufa('tur(*rs. 
or UK'ivliants, of the suprenu* iinport-aneo of 
scientific knowledge and seientiiie metluHls, not 
only for the suee(*Ssfii] earryijig on and iniprovc*- 
meiit of all industrial (*nt<‘rpi ises. hut also, and not 
less so, fur the working out of all national 
problems w'hat(*ver, whether of (xlucafion, of 
t‘eoiu»inies, of liygieiu*, c)r (‘s]>eeially of national 
d(‘fen<*<* in the const met i(tn of j air {H’lnameiits 
!>y .sea and by land, and the training of our 
soldiers and sailoi-s." 

A Parallel Case. The te.xt upon whi(‘li 
we ar<* now preaching may be illustvatd in 
many w^ays — raie of the mf^^•l- striking being 
the* ree(‘nt demonstration that an essential 
factor in triumph of Japan in the late war 
was Jier adherence to tlu* principles of hygiene, 
juwentioii of infectious dis(*as('i; and aniisepti(‘. 
surg(‘ry. whicli tho world owes mainly to this 
country, and which wa*re so w'andalously 
iK‘gleet.ed, to (lu* loss of thousands of lives and 
millions of pounds, in our own late war. Rut 
even this e.xample is not cpiilt* equal in irony to 
that atVordi'd by tlu^ if'ceiit e(‘If‘bration of Per- 
kin's discovt'fies, while the jKople among whom 
the discovery \vas madt^ and to whom ho Ix'longs 
yearly pay enormous sums to Gi‘rnumy for what 
arc really the products of his brain. It is our 
earnest. lu>pe that- the r(‘a<l(‘rs of the? Skij«’- 
EDiH’.\TOit may have cause to regard thems<‘lv(‘s 
as fortunate exceptions in respect of that system 
of education in which tlio thoughtful mind of 
Sir William Huggins has disc'crncd the true; 
underlying c.iuse of (he na (ion’s failure to appre*- 
ciate and (o profit by tlie achievements of (he 
individuals whom it is foremost in producing. 

Advance in CoaUtar Dyes. And 
now" let us hrieriy consid(*r the ])rogn‘Hs of 
the study of anilim* during tin? last .'Id years. 
An important stej) in this industry was tak(‘n 
when Hofmann di.scoven d tlie naiun? of the 
coal-tar dye known as aniline red or magenta, 
which he found to be a salt of tlu? base? now 
known /is r<>sanilin(\ and nuinufactun d from 
aniline containing certain pro])ortions of tohi- 
idinc. lleiif'c, there ai-c now obtained rosanilim? 
bUu s and violets, aniline gre(*n, and a certain pro- 
portion of what is calkd aniiinv j/ellow. Tht)S(? 
dyes arc now' used for many other purposes b(?- 
sid(‘s dyeing, and their use will steadily cxt-<*nd, 
for they are, in g(?nera-l, su|)erior on every ground 
to tJicir natural rivals. Tiicir discovery should 
be a source of congratulation to the artist and to 
those who arc sensitive to visual beauty, ami 
should giv(? such persons a friendly feeling for 
chcriiistry. It is not our business to discuss here 
the iecbnoldgy of the subject, which is of very 
great complexity, and which, under the con- 
ditions habitual in Germany, undergoes im- 
provement and advance every day. 


Coviinued 
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Group 20 

LEATHER BELTING MANUFACTURE 

7 Leathers Suitable for Belting;'. Cutting:, Trimming;, Shaving;, 

Building;, Splicing, and Joining Belts. Link Belting 

iHtgp 


By W. S. MURPHY 


l^ANV beltrnakers tan and curry the Jiidc.s for many tanners praise tliat inelhod of preparing 

their own use ; but their processes diiTer in leather, though, if it were adopted universally, 

no way from ordinary tanning. In general, it their oceu]>ation would ])e gone. One thing is 

may iiesafd that the raw material of the belt maker certain — “rawhide” leather retains all its 

is the finished product of the tanner and currier. fibres and gelatinous substance unimpaired, and 

Belt Leather. For the finer and h(*avier has all the natural st length and tenacity of the 

classes of belts, howcviT, special hides an* re- hide. 

quired. Perhaps the best hides for hea\y belts Beltmakers as Tanners. One reason 
an* those of Jfigliland cattle, and next come the for so many beltmakers undertaking tanning 

Sliorthorns. From the carcase of a stout High- and currying as well is that ov(‘rtanncd 

land bull you can get a hidi^ giving about 1 in. hides arc almost useless for b(*lts, and the 

of leather thickness— that is, after epidermis and fault not (‘asily detected if the tanner 
flesh layer hayo come. oii‘. chooses to do a iittle doctoring. Tin* belt- 

Giraffe Hides. Among the hide's of wild maker s tools f25| for eunying are similar to 

animals iisefnl for belling are the* ])elts of tlx* tl.c tf'njs iisid for tanning li*at))(*r for other pur- 

gira tie, the gnu, and the quaggn all abounding Overtanning n'duces tbe tensile strength 

in .Hritish South Africa. (Jirath* lcath<*f has of leather by about oix* half. It is the interest 

great density of fibre, and stands tlie w(‘ar and of the tanne r to win the* favour of a customer as 

tear of shifting, twisting, and sudden juilling in inqiortant as the Ix'ltmaker, and he will no doubt 

a remarkable way. <lo his best ; l)ut the Ix'ltmakcr naturally knows 

Rawhide Belts. As shown in the table of trade Ix'Hcr than the tanner, and 

tensile strengths Tpage .‘lt532J, the host tannages s<*ek out n(‘w kinds of hides and methods 

are chrome, alum, and rawhide.” The last is tanning vith greater probability of bitting 

simply the method of the backwoodsman made mark. 

into a factory system. After being tboroughly Complete Belt Factory. l.,ooking at 
dried by exposure to the air, the hide is soaked it from tlur outside, people think of the helt- 
iii pure water for fifteen days. The hair now making trade as a very small one of limited 

comes readily olf on the unhairing knife. Next range ; but we liavc* quite a ditVerent opinion, 

the bide is stretched on franu s, and piled one On the one band, the trade extends into the 

above the otlu^r, in a dark, well ventilated shed tanning, and on tlu* other it touches on cotton 

to dry again. Shaving the flesh side, the luannfaetnri*, indiariihber, and ro])(*-making. 

ciirriiM’s break-over and stntT with oil. Wh(*n We sometimes comt* upon contracts which can- 

seasoned, the hide is ready for being made into not be lillcd by leather belts alom*. (.'ottoii 

belting. We have heard, with some surprise, Ix'lts, or belts of ruhber-lilled canvas, *may be 

absolutely es- 
sential, and 
must be pro- 
cured. If the 
protits of con- 
tract are not 
to be frittered 
auay in pay- 
ing high prices 
to otluT manu- 
facturers for 
special work 
— prices to 
which tlicy 
are perfectly 
entitled — tlx* 
b e 1 1 m a k c 1 
must do hi.^ 
own weaving 
A complete 



25 . TOOLS FOR TANNERS AND ClfREIEHS 
a. Oiin-nietal union for base pipe b. »eucldiug, or uiibairiiiK beam e. Setting? slicker 

d. Sbaviii" beam e. Taiiiioi'M' liauil pump /. Shavinjcr knife* g. Pit hook A. Whiteiiiiiff or 
iMifHngsiii kcr i. ^irainiiijr board j riiiniiig beam X?. Fleahing knife / Pieshinir knife f..r 

cleaning m. Steel for abarpeiiiiig b n. Striking pin o. Loose whitening or butting blade for A 


belt faelorv. 
therefore, i'" 
not a* small 
undortakimr. 





On the one side, you hare the hide sheds, Hmo 
pits, tan pits, and currying shops ; on the other 
are the cotton canvas looms, and in the midst 
are belt-making shops, whore those materials are 
formed into the bands that carry motive power. 

Stretching. Onty the most skilled work- 
men are entrusted with a main-drive belt ; but 
as wo are at liberty to choose, and as the 
greater includes the less, wo shall take hold 
of a batch of Highland hides and bring them 
through to the finished 
belt. The curriers have 
brought them to the 
drying-room, and hung 
them np ; but we must 
not allow the hides to 
dry completely. As 
soon as the witness 
has gone, the heavy 
sheets of leather must 
bo stretched. If the 
hides are taken in from 
an outside tan works, 
they are dry, of course, 
and must be softened 
and dam ped . Take one 
of the stretching frames 
and lay it on the bench. 

Tn structure the frame is 
very simple. "J’ho side.s 
arc strong wooden bat- 
tens ; at top and bottom 
a pair of screw clamps cross the frame and hold on 
to the sides by slide joints. Tn the c(‘ntro a thick 
worm-screw runs through holes in the under 
bars of tlio clamps. Iway the hide, evenly damped 
throughout, in the frame, neck to the head and 
tail to the bottom ; screw the clamps tiriuly 
down turn tho centre screw till the hide is 
drawn tight as the head of a drum and tighter. 
All tho hides of tho batch must, be treated in this 
way, and then left to dry. Leather shrinks in 
the drying, and the already stretched hide is 
drawn still tighter. 

Rules to be Noted. If tho stretching 
is done propculy, very little trouble will arista 
on that account during the working life of the 
belt. We need hardly point to the importance 
of this. Young workers, • however, sonuMiim^s 
require the caution that “ strength and ignor- 
am‘e ” are not the equipment of a beltmakca*. 
You may be gifted with tho strength of a young 
bull, but it is not necessary to exert the whole 
of it in stretching leather. Some judgment is 
needed as well. With such an instrument as the 
stretching frame, a strong man could rack the 
hide, but that is not the purpose of it. The 
long lever has been devised to make hard work 
a little easier. So, too, with the damping and 
drying ; the natural force of shrinkage is called 
in, not to break the frames, but to lighten tho 
stretcher’s labour. Muscles are spared in order 
to afford brain a chance. Accidents will happen, 
of course, and even the most careful workman 
will occasionally hear the rending crash of a 
drying frame brea^ng under the strain ; but 
expenenco quickly enables the worker to under- 
f'tand *the stretch required by the average hide. 
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Cutting the Hide. The solo-loathor 
manufacturer rejects a considerable portion of 
the hide, but we reject a good deal more. In 
fact, only about one-third of the hide is useful 
I for our present 

I purpose?. Draw a 

line from the middle 
of each flank at tho 
tail ; join tluise lines 
with a third across 
tho insidt? of tho fore 
shoulder, and you 
have sketched the 
butt of the belt. 
Having cut out tlio 
butt, let us .SCO what 
wo Iiave 
got. rt Ls 
an almost 
K(|uare piece 
of heavy leather — 
about I ft. square — 
thinning slightly 
toward the sides, 
with a liard bank of 
thiniu'ss along the 
middle when? the 
anirnars haekbono 
was. 'riiis back- 
bone strip should 
be made the centre 
of a broad belt if 
possible, ])eeaiise it is strong and gives the belt 
a gentle, natural curve iiiwai'd, hardly perc(*p- 
tible in the finished article, yet secretly efTeetive 
in aiding the belt to cling to the. pulley when 
working. 

Trimming. In the trimming-room all kinds 
of cutters are provided. Diir tool, however, is a 
huge guillolino cutting iiiaehiiie. Tho blade, 
ry ft. Jong, is hung in the eross-heam above the 
tabl(; and between tin? su|)porting pillars. Jly 
means of a gaiigi? at the side w(? can measure 
tho breadth of the cut to the thon.saiullli ]);irt of 
an inch. Tho exact si/.(? got, and the clamp 
.screwed down, we s(?t the terrible lihuh? going, 
and it sIknus down through the leather witli 
irresistible force. Om*. side trimmed, tlu? other 
is put in and cut- to tiu? size. 

Shaving. In .spite of every care, the Hesh 
side of the leather is rough, and, of courst?, 
the hide varies a good deal in thiekne.ss all 
over. We can get rid of the roughness and 
ine(piality at one time. Cylinder shaving ina- 
ehinos havt* been provided for the pui’j)t)se. 
Section after section of our belt, showing every 
pos)siblo variation in relative? thickness and 
roughnes.s, is run into the nuu'Iiine? after it has 
been j>roperly adjusted, and all come out from 
unde*r the ey’lind(?r as alike as so many bullets. 
Anyone can learn t-o work tho shaving machines 
It is a cylinder covered with knives geared above 
an adjustable roller. Having been sot to the 
proper thickness, tho machine carries tlu? 
leather against the revolving knives, and a surface* 
aii smooth as glass is the result. We often hear 
of the superiority of machine ove?r hand pro- 
duction, and this is certainly a fini.slied piece of 
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work ; but wo have seen hand shaving quite as 
good. A tirst-clasK workman will shave a hide 
as smoothly as any machine yet invented, and 
his hand is gentler on the knither. The mttehino 
is qnick(T and more reliable ; let the mechanic 
bo content with that. 

Hand shaving is an ac<*om|>li.shment that 
never comes amiss to a beltinakcr ; indeed, a 
good hand shav^T is tV<‘qiiently needed in shops 
where machinery runs troin basement to top 
flat. Perhajjs tlie best place to learn how’ to 
handle the shaving knife is at the whitener's 
bench in the euirying shop. Take the hroad- 
bladed knife, hold the handle Avitli both hands, 
letting the thumbs grip on the hack .-md the 
four fingers of each hand rest lightly on the 
blade. Setting tlie edge at the proper jilane, you 
ciirv(‘ round with a sweep, reversing the curve 
at th(^ next stroke. With careful practice a man 
can learn to shave a dry liidc so smoothly that 
no line of the knife is visible. Tt is good training 
for the hand and eye. 

Building the Belt. Now we go into 
the machine shop, and here the practice of 
beltmakers differs to such a degree that what 
is right in one shop 
may he Jicld to he 
altogether wrong in 
another. Th<Mnerest 
outlines, thorefoK*. 
are all that can l)e 
given. vSome h(0t- 
makers pride them- 
selves on having 
invented the ma- 
ehines they use. and 
the nt'w man in the slioj) lias to learn part 
of his trader over again. Howevci, it is all 
in the way of making belts, and the building 
up of a belt is the same, whate\’cr may be the 
way of doing it. 

First, then, having gathered our ])ieces from 
the eutters and trimmers, we begin to build up 
our big belt. 

Splicing. The great belts tliat fly round on 
the drive of a dynamo of 5(10 li.p. appear 
to bo one singh^ piece, but we know that is 
impossible. We have to build those long things 
up piece by ijiece, not one pieces mon; than 4 ft, 
Jong. The homogeneity of the belt is accom- 
plished by splicing. iVir instance, take two 
pieces of leather, j)are tlie ends of both to a 
thin edge in a slice of about 4 in., put them 
together, and you >vill find, if you liave doru' the 
paring evenly and equally, that the tw’O make 
no more than the thickness of the rest of the 
leather. TJiat. is splicing or akiving. VW have a 
few skiving lUfichincs, all of them quite effective. 
(.)ne, the best we have seen, has a slanting table 
adjustable to any angle, and driven under a 
fixed blade. On the table the belt-piece is laid, 
and the blade shaves off a graduated strip, 
beginning at a thin edge, anrl rising to the thick- 
ness of the belt. To balance the belt, and make 
all the i^ioees lie on a level plane, the skiving is 
cut alternately on flesh and grain side. The two 
ends of each j)iece are exactly half the thickness 
of the belt, extended over a graded surface, and 
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when the two are put together they make exactly 
the same bulk as the rest of the belt. 

Joining. We have many methods of 
joining the splices together, those most common 
being thread sewung, wire sewing, lacing, rivet- 
ing, and ceimmting. For single belts, the 
breadth of which i.s one piece, w^e prefer cement- 
ing. It makes the neatest job, and lasts as 
well as any. • 

Many beltmakers have patent cements of their 
ow'n, the composition of which they jealously 
keep soen't, hut many good recipes are the 
common property of the trade. The following 
are rc])vescntative and reliable ; 

1. Soak in water just sufficient to cover 
Ibem, for ten hours, equal parts of common glue 
and isinglass ; gradually bring to the boil, 
adding tannin extract till the whole; takes on a 
ropy consistency. Apply the cement to the 
freslily spliced suifaces, join, and clamp them 
firmly togctlier. 

2. (bitta-pi-rcha dissolved to the consistency 
of syrup in bisulphide of carbon makes a strong 
ccin(‘nt. Tn applying, first fill up the pores 
of the leather with t]\c mixture cold. Heat the 

cenumt, cover both 
surfaces, join to- 
gether, and hammer 
llu‘ joint till it Jia« 
bc(5ome firm and 
CO VI. 

3. Mix ten parts 
of bisulphide of 
carbon with one of 
oil and tiir})cntinc ; 
put in as much 
gutta-])crcha as will make the liquid thick 
when it has dissolved. When ready, the cement 
is a slowly flowing mixture, liefore applying 
this cement, however, it is necessary to clear 
the surf {ice of the leather from grease. Steep 
a cloth in strong ammonia, hxyiton the piece to 
he joined, {ind run it over with a hot iron. Coat 
the cement over both sides of the joint, join, 
and put under tin; press. 

Stitching. All the other methods of 
joining splicings require that holes bo bored in 
the leather. When sewn on the machine [28], the 
niHxlle does the p(Tforation in the fittest way. 
Up till very recently, tlie idea of applying a 
.sewing maeliine to a belt wider than six inches 
was regarded as preposterous ; hut now wo see 
miiehines joining belts nearly thirty inches 
broad. Before stitching, either by hand or 
machine, it is advisable to channel the (;oursc 
of the sew ing, so as to protect the threads from 
friction 

Lacing. If lacing be considered the best 
way of joining a belt, another point comes 
into prominence. We ought, rather, to say two 
points — namely, the piercing of the holes and tlu* 
pattern thereof [28]. Punching holes is alto- 
gether discredited, because the force of the puncli 
bruises the leather round the holes, and drilling 
is now generally adopted. The holes should he 
drilled perfectly round, and in a V shape, slightly 
angled. By adopting this shape, you never 
have more than one hole in the same line*across 
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the belt. This spreads the lacing over the 
belt and gives a firm grip. 

R.iveting. Extra broad belts require 
to bo built together like the sides of a ship, 
and here, as there, the rivet is the only sure 
binder. Riveting calls for a system of splicing 
of its own. Instead of a broad, graduated baud, 
you make a narrow flange, little broader than the 
rivet-hole. There are many riveting machines 
in use, and hundreds of dillcTcnt makes of rivets 
on the market. The ideal rivet is round, 
with a broad, thin washer. It must always 
be remembered that the pull of a belt is length- 
wise, and corners or points on rivets will break 
into the leather in spite of the most ingenious 
safeguards. 

Link Belts. 

Between the swift- 
ly running^ pulley 
and the 'driving 
belt there is always 
a cushion of Jiir. 

Tn narrow belts 
this mattered 
little, but when 
we began to put 
on belts six feet up 
to ten feet broad, 
the air - cushion 
became a decid(‘d 
nuisance iindcM’ 
certain condition 
notably when swift 
drives were on. 

To make a per- 
forated belt was 
to weaken it enor- 
mously. Nature 
seemed t o have put 
a barrier across the 
l)eltmaker’s path 
of progress, say- 
ing, “ Thus far, 

•Hid no further.” 

Hut it occurred to 
one beltrnaker and 
Jinother — for no 
one has a mono- 
poly of the idea — 
t hat a link or 
f'liain belt w^ould 
M)lve the difficulty 
[27]. Moreover, the heltmaker has a lot of otfal, 
that goes into the glue-pot. By adopting tlie 
link idea, we at once liave a new form of belt 
and a means of using up our scraps. Scrap 
leather, it must be said, is good leather, but 
simply too small for forming a belt out of. The 
tnaking of link belts is a new and important 
branch of the trade, and highly interesting. 

Making Link Belts. First, the pieces 
of scrap, of a proper thickness, are put under 
the die-cutter and out to size. Next, the pieces 
are soaked in warm water, and then put under 
the hydraulic press in a mould. When the 


LBATHKII 

pieces come out, they are as hard as iron. Now 
they are put under th(? drills, and two rivet- 
holes bored in each. It is obvious that wo 
can build up any size of belt w'o like out 
of the.He pieces, just as you can make 
any breadth of tdiain by putting links together. 
Th(^ method of building up those belts is simple 
and ingenious. One piece forms the centre, 
and to each end of this two pieces are riveted. 
Eaeh of those joined pie(;es has a rivet -hoh^ 
free, into which another ])air of links can ho fixed. 
The end pu'ces are half- links, with only one 
hole, thus giving a flat surface at the finisli, 
and a complete belt. 

We have purposely left out of account the 
numerous kinds of 
small l>clts made, 
h e c a u s r. i h it 
groat(‘r, in this 
(‘asc, includ(‘s flic 
l(‘ss. If you can 
make a htilt for 
tlu' main drive, 
the small machim^ 
belts will give you 
no trouble. 

Loom Pickers. 
Before the link 
l>elts were tliought 
of, tile- l)eltmak<u' 
hiid h)und a cer- 
tain kiml of outk't 
for his olTal in 
making engine- 
washers, looiii- 
pick(‘rs, and otluT 
wan‘s of that kind. 
It wa.s for tlieso 
purpose's, iiuleed, 
lliat the dic-cutters 
and hydraulic 
]>re8S(\s were intro- 
tluced to a larg(i 
cxt<*nt into Ix'It 
faeloiy. Loom- 
])ickcrs rcr|uire to 
!)(' light, hard, ;uid 
of lirm consist <'ncy. 
(Vircfiilly s(‘l(‘cted, 
the. k'atiier for the 
j>ickers is st(‘('])ed 
in oil, out to sliapo 
in the die-cutter, and prrsscil. The pieces are 
cemented or riv('ted together. 

Washers. By a proce.ss similar, water- 
proof washens for watt'r <‘nginc<'rs of all grades 
arc made, from tlu* rings of the liugii hydraulic 
ram to the w'aslu'rs of the d(un<‘sti(? watv^r-tap. 

Standing, as the heltmakiu’ does, as a helper 
of many industries, lu^ see.s (ipportunities of 
usefulness and profit hidden from other workers 
ill leather. Most, of us hold the faith that 
“ There is nothing like leather,” but we have, 
not all an e(pial opportunity of making practical 
recommendation of our faith. 



28. UELT I.ACINO 

a. l'V)UV-inch bolt. l)oul»lo lacin;;. Staixts biylu'st tist f)f tensile? 
stron.«lh b. bap belt huiiii; c. Ono-iiM-b eliainoiul patUrii lat ino 
fi. Six-inch double laco with full lacc e. Koiu-inob lu lt. with naiiDW 
lacc /. 'I'brec-luch bolt with narrow laco IhTrin^bonc paltcni 
lap lut'iiiK /». I'wo-iuob double lac iui; with narrow laco.s 
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BAD FOOD AND GOOD AIR 

HEALTH 

8 

Milk. Cream. Butter. Cheese. Flour. Bread. Meat. Poultry. 

Cur. (I nil. -cl from 
:tnnj 

Fish. Condiments. Jam. Beverages. Air and its Impurities 


By Dr. A. T. SCHOFIELD 


VJ/E sh.all hero only touch upon those adultcra* 
tions eonneetocl with our food or drink, 
and that only with (ixtreino brevity ; for we 
rt^gret to say that the subjeet is so large and 
co'npl<^\ tliat a whole book could be tilled 
with it. The dilliculty is to find a single article 
of commerce that is not liabl(^ to adulteration. 

Milh. Tlicrc are three principal ways in 
which tliis is adulterated — as a rule, by the milk 
retaiior. Adulteration is not. so much practised 
by the wJioh^sale dealer, for according to the 
report of tlic Local Govcrnnicnt Board, only 17 
}icr 1,000 samples are condemned in the whole- 
sale trade to per 1,000 in the retail. 

Tlu se three ways arc by adfling water, by 
removing cream, and by adding drugs. 

VWrER. WJjcn water is added, the s]>ecitie * 
gravity is lowered. That of milk is l'()29 ; as a 
rule, some cream is removed at the same tinu^ 
and the sp(*cific gravity is thus raised, so that 
milk can be made very poor, and yet th<^ lacto- 
inet<‘r will show tlu' right gravity. A furtiu'r 
test is needed. Tlie total, which must be found 
by evaporation, should tlum be 12 ])er cent, of 
milk, of which 3’5 should be fat, leaving 8’5 solids 
nA.it fal. If, then, solids are less than 8*5, water is 
added. For instance, if there are only 7*0 per 

cent., then ^ or 82*3r> is really milk, show- 

o'f) 

ing 17 per cent, of Avater has been added, and the 
use of the lactometer and eva})oration togetlier 
will ahvay.s detect the double fraud. 

(hiAT.K. 'this is not now^ added to milk, but 
carbonate of soda., salt, boracic acid, salicylic 
acid, {Minatto, glyca'rinc, formaldchytle, naphthol, 
starch, germs and dirt arc put in it. 

Most, of these drugs, sonu* of w hich are pow'crful 
irritants, are added to prevent dect)m position, 
and the worst is that each person through avIiosc 
hands the milk passes may add a little, so that 
the total amount is serious. For instance, it is 
not uncommon to find a drachm of boric acid 
(00 grains) in a gallon of milk ; the full medicinal 
dose of which is 5 to lo grains. 

Annatto. This is a yellow colouring matter 
which makes poor milk and cream look richer. 

( JLYrERiVE. Tnis is detected by the excessive 
sweetness of the solids. 

Perhap.s, as a whole, the most deleterious 
.substances added are lho.se wliich are the result 
of carelessncKs rather than intention — filth of 
every de.scription. We are entering fully into 
this in dealing with food in infancy, and there- 
fore shall only say that in nearly every case it 
consists of some form of excreta from farmyard 
sweeping.^, in addition to ordinary dirt. The 
one remedy in to purchase milk only from those 
dairies whicli are insp(?cted, and which make 
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a special point of delivering pure milk. Wc 
must not name them, and can only say that 
every householder should be sure that the milk 
that is used is pure. 

Cream and Butter. Cream is often 
thickened w'ith gelatine and starch, coloured and 
preserved with drugs. Taste anrl smell should 
be guides in testing butter. A(?eording to analysis, 
it is generally sold pure, for out of 4,329 samples 
(examined in London, only 321 were fo\ind 
adulterated. But tliis report is not wholly 
reliable ; for it is impossible to discriminate 
margarine adulteration by analysis. In TTolland, 
a very special form of margarine is scientifically 
prepared, and 10 ])er cent, of it can be mixed 
with buU/‘r w'ithoiit any fear of evidence that 
<‘()uld result in a conviction. Hoom-bidtpr or 
cn^am-hutter is c,s siiecial an article in Holland 
as hiene-honi'j (bee honey) is in Switzerland, 
adulteration being so (?ommon. 

B(‘.sid(‘s margarine, water* is added, (lood 
butter has about 2 ounces of water in the pound ; 
hut had butter’, in 16 ounces, has often 0 oz. of 
Avater, 1 .J oz. of margarine, and h oz. of suet and 
drugs — not a desirable (^om pound. In one 
pound of butt(T, 94 gi’ains of boric n<‘id is .some- 
times used, equal to nearly 10 medicinal doses. 

Cheese. (Iiecst* should bo moist, Avith a 
smooth rind. A rich cheese has bulging sides, 
a ])oor milk cheese has str’aight sidt’S. flieese 
is adulter’ated in many Avays : starch is added to 
increase weight, and margarine may be added 
to milk cheeses to make them richer. 

Flour. Flour is largely adulterated, l>esi<lcs 
being made from inferior and diseased gr’ain. 

Inferior kinds are generally of a bad colour, 
but by the addition of chlorine and ozonised air 
tlu^se can be made snow^ Avhitc, so that their 
imperfection is almost impossible (jf detection. 

Fortunately, Ibis diagram shows th.at each 



1. AVlieat Starch 2. Pea Flour 3. Rye Starch 
4. Potato Starch 5. Oat Starch 0. Arrowroot 
Starch 7. Rice Staidi 8. Tapioca Stardi 
0. Maize Starcii 10. Saj^o Starch 

variety of starch has a different shaped grain, 
so that each one can readily be recognised witli 
the microscope. The adulteration, therefore, of 





flour with inferior starches (rice, potatoes, ete.) 
is easily detected. Other flours are similarly 
adulterated besides wheat flour, such os sago, 
arrowroot. Arrowroot, being expensive, is ex- 
tensively adulterated with potato starch ; indeed, 
“ English arrowroot ” consists entirely of this. 

Hread, Bread is adulterated witli alum, 
but not so much so as formerly. If there be 
over 10 grains in a 4 lb. loaf, there is adultera- 
tion. Tliis is readily detected by a solution of 
haemotoxylin and ammonia, which turns bread 
pink ; but if there be alum, it turns blue. 

Meat. Meat, fowl and fish are not, of course, 
adulterated ; but much that is inferior, diseased 
or stale is still sold. We give, therefore, a few 
hints to help in securing wholesome food. (See 
also “A Marketing (hiide,” IIousekkeptno, 
page 1227.] It is not easy to distinguish the 
best foreign meat killed in England from home- 
grown and home-fed beef and mutton. Frozen 
meat, or, as it is sent now, refrigerated meat 
(that is, cooled, but not frozen) is cpiite good and 
wholesome. 'Jhc principal difi’orenee betwecui it 
and fresh meat is in the flavour, which is 
never so good in the ease of moat which has 
been kept on ice. But the dilTenuice in price is 
so great that it is htr bctt(*r for those who are 
really poor to buy the best forcugii moat than 
any other. 'Po a certain extent, llu' following 
remarks api)ly to this sort of meat, though tli(*y 
are really dcscri})tive of home-killed meat. 

Stale or bad meat looks tlahby, spongy, and 
whitish ; the eyes of tlu? animal are sunk and 
the kidneys are bad ; the fat is yellow and there 
is very little of it. 

In buying meat, always choose it yourself ; 
see it w'eigh<»d, and pay for it at the time*, and 
thus save not less than 20 per cent. Deal, if 
})os8il)le, with one respectable butclier ; or you 
may buy the home-killed b(*ef from one, ancl 
frozen mutton from another, fur frozen mutton 
is in iKdter condition than frozen beef. 

Beef. Prime ox beef has an op<‘n grain, is of 
a carnation colour, and marbled with streaks of 
fat. ’'Phe fat should be white, ('ow beef looks 
])aler and tlio grain is closer. If the meat is 
dark red and the fat skinny, it is too old. If 
it rises quickly u]X>n pressun? by the thuinh, it is 
j)rimc meat ; if not, it is poor. 

Mutton. Prime mutton, if large, is j)robably 
Sussex or Scotch ; if small, Dartmoor or Welsh. 
'Phe latter is darker and leaner, the former paler 
and fatter. The meat should be firm and close- 
grained, and the more fat, the jnimer the meat. 
P»ood meat does not shrink much in cooking, 
and docs not gape wide open w^icn cut. 

Veal and Lamb. Never buy very young veal 
or iamb. Veal should bo two months old at 
least, and the flesh dry, not t?lammy. Lamb 
should be small, pale red and fat. 

Pork. Pork is best with a thin rind. Buy 
only from a dealer you can trust, as it is often 
diseased. The meat should not be flabby or 
f;lamniy, but the fat liard and the lean nearly 
white. The pressure of the thumb on the rind 
should leave a dent or mark. 

Bacon. Bacon should bo fat, clear, and not 
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streaked with yellow. The flesh should adhere 
closely to the bone. 

Poultry. As a rule, fowls and turkeys 
are very digestible, hut ducks and geese, which 
are fatty, do not suit everyone. 

Fowls. In buying fowls, choose male birds. 
If young, tlu^y have smooth U^gs and short, soft 
spurs ; the feet bend, the eyes are full and bright. 
NevtT buy a fowl turning blue or with still finit, 
and a cock with a sharp spur is too old. Young 
birds have trans])arcnt, unwrinkled skins. 
Dorking fowls arc' ccjnsidcrcd the best. 

Youncj okesic have yellow feet ; old ones have 
red. 

Ducks should have the breast-bone soft and 
gristly, and the feathers nnforitK'd. 

Turkeys should have a smooth skin and no 
spur. 

Fish. When buying a fish, see that it is short , 
thick, well made, with bright scales, and still 
and springy to the touch. 'P1 h< gills shotdd ho 
frosli and red, and the belly lirm. If the gills 
arc n<»t briglit and of a fr(‘sh r<‘d, tlu^ fish is un- 
eatable. Be sure and clean tish as soon as cvtT 
you can, and esp<'(‘ially remove tlu^ livers, us if 
they are kdt in, the oil from th(‘ liver will soak 
into tla^ flesh and makt^ tlu‘ fish taste very rancid. 

Col) is in best condition from Nov<*jul)(‘r to 
March. 'Phe flesh should rise again w Jien pr<‘ssed 
by the fingcT, and not leave a dent. 

hhcLS should, if possible, bo lH)iight alive and 
killed by dividing the s])ine just Iw'hind the luNid. 
Fr(‘sh wat(‘r tels are tlio l.)(‘st, and silv(*r t'els 
bett(‘r than dark r>n(‘s. 

FLOiJNUj^iis nie ratlu‘r watery, but vt*ry 
c heap. The best arc* the plain dark grey oiu's, 
witliout rc'd spots. They should be*- lirm and still. 

Haddocks arc ve'iy good, nutritious and f la'ap, 
and when hoiight^ fresh are most elelicious. 

Hkhkiyus and Mackkkkl should be hoiight 
very fresh, not tJu^ least faded or wrinkled, or 
])li<ihlc in the tail, but still and s])ringy. 

Salmon, like all other lish, niay he judged hy 
the gills, ey<*s, scales and general stillness. 
Wlu'ii fr(‘sh, it has a c*ui‘d b('lw»‘en the flakes. 
.\ftcr a day or two, this melts, ami tlu^ lish 
becomes richer and more indigestible. 

In buying Sole, elioosc^ small om‘s for frying, 
and large ones for boiling. 

T irKUOTarc best wlaai of moderate, or small size ; 
larg(^ ones arc more wabay. 'Plui llesli should 
be lirm, white, plump and erea.my. 'Phis lish 
will, if bought fresh, k(‘e]) two or thr(*cdays. 

Flaick are very similar to turbot, only not so 
firm. 

Whitixo should bo cleaned all over. I hey arc 
tl)c lightest lisli to eat when fresh, and very 
w’liolesome. 

CoDLiN(J arc often sold for whiting, but iliey 
are not nearly as goml. 'Ph<y <'an bo distin- 
guished from wdiiting hy their beards. 

Lobsters and Crabs should ho chosen^ by 
their weight in proportion to their size. 'Plu^ 
heavier they are the l)ettcr. 

Fish kept on ice loses its flavour, though it may 
be quite fresh. It is worth while finding out 
when the fishmonger receives his fish, and making 
the purchase then. Be very careful in buying 
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dried fish. Tf it be not properly cured, partB 
soon become bad, and may cause serious disease. 

Condiments. To return now to delinite 
adulteration of food. 

Pkppkr is adulterated with liusks. gi’oiind olive 
stones, iie<\ rape seed, bone dust, etc. Olive 
oil is sometimes half cotton seed oil. 

INlusTAKi) is ()ft(ui largely whcvit and pea flour, 
eayeniK', plaster of J^iris and clay. 

Jhc KLEs are coloured with ehloro 2 )hyll (harm- 
less). 

ViNE(}Aii is adul(<‘rated with dilute sulphuric 
acid (vitriol), acetic acid, and caraim*!. Ix'inon 
juice has add(‘d to it sulphuric acid, tartaric 
acid an:l water. 

Sweets have various substances a?lded. If 
the colour is soluble it is ]>rol)ably liarmU'Ss. 

Jam. 'Phe adult(Tation of jam is still ext<‘n- 
sive, and consists largely <»f carrots, turnips, 
vegetable juarrow refuse, a])])lcs, and glucose, 
which we jnust always remember is liable to 
contain arsetiie (as se(‘n some years ago in the 
epidemic poisoning in Manchester fn.m beer .so 
adulterat(^d). 

Jams are also adulterated in other ways. 
Seeds to imitate rasplnuTy seeds are most 
ingeniously made by a sp(‘cial machine which 
turns them out in (‘normous (juantities fnim pine 
wood. Most of these additions ar<‘, how<‘ver, 
practically harmless. 

Honev is adulterated with glucose, and 
(hij.DEN Syri-t with starch and glucose. 

Beverages. Turning to be\ (‘rages, we find 
th(‘se arc fnjquently adulterated. 

Tea, though no long(T faced in given lea with 
j)oisonous salts of eo])per, is still larg(‘ly adulter- 
ated with t<‘a sw<'t‘pings, old used re-dried leaves, 
and sormdimes clay, lime, or sand, to give wc'ight. 
Other }('aves, sueJi as (uirrant. a?e sometimes 
added. Form(‘rly sloe and wilkiw l(‘.av(‘s w(‘re used. 

(!offek is much adulterated with chicory, some- 
tinu's up to 80 per cent., or ewn more. One- 
ninth of the coffee and (Uie si.xth of the cocoa 
examined in London w(*re found to be adulter- 
ated — coffee with eliicory, roasted wheat, 
potato flour, acorns, date stones, beans and 
maize. 

ChiicoRY is the dried and poundixl ro(jt of a 
plant, and contains no eatfeine. It is injurious 
in (|uantitu‘s, and has many bad after-etfeets ; 
but the taste in England is so vitiat(*d that 
eoffcf^ is oft(^n preferix'd witli about 30 per cent, 
of chicory added, whiU? “ French Coffee ’ often 
lias ITy per cent, of chicory, and is sold at about 
half the price of coffee ; o per cent, of chicory 
is not injurious. Under th(* microscope, eoffe(^ 
has small angular cells, those of chicory being 
large and oval. In water, chicory sinks and 
colours it, while coffee floats and does not. 

Cocoa is adulterated with sugar, starch, brick 
dust, Venetian red, and peroxide of iron, etc. 
Sometimes half the fat is remowd, which makes 
it easier of digestion. 

Spirits. Alcoholic beverages are particuiarJy 
open to adulteration. 

Brandy, when first distilled, is colourless, like 
gin, but darkens with age, and is often coloured 
with burnt sugar. Other adulterants are chiefly 
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water, caytmne pepper and acetic ether. Much 
of the brandy sold, as we liave pointc^d out, owes 
nothing to the grape at all. A recape for artificial 
brandy is to add to every 100 pints of proof spirit 
.J lb. of argol, somci bruised French plums, and a 
quart of ( ‘ognae. The distilled mixture has the 
acetic ether, tannin and sugar added. 

Whisky is adulterated in the same way as 
brandy, but is also often prei)ared from potatoes 
mashed up with malted barley and roughly dis- 
tilled and burnt to give it a smoky flavour. 

litTM is oft(‘n frauduUmtly math* from malt or 
molasses spirit, witli a flavouring made of butter, 
distilled with sul})huric acid and alcohol. This 
imitates the pineapple. 

(fix in England, besidc's juniper Ijerries, has 
i)ft(‘n oil of tuiquaitine added to it. It is largely 
adult(*rat(;d with water, which makes if cloudy ; 
it is cleared with alum and sugar of lead; sugar 
and cayenne peiiper are then added. It is the 
most adulfer.ated spirit sold. 

Wines offer an extensive field to the adultera- 
tor. Th(‘y arc gcauTally adulterated by added 
spirit, artificial colouring, ])lasfering and faruiy 
naming. “ Plastering ” is adding mineral 
acids or salts to tlu‘ wine, and ]>artieularly 
gypsum or Spanish (‘arth. This sultfliatc* of 
linu* clears lh(^ wine. mak(‘S it lixik brilliant, and 
change's the tartaric into sul])huric acid. The 
object is to make tlie»wine dry. 

In cheap win(‘, aniline' dye's, logwood, eoeflii- 
neal, etc., eire^ aeldc'd fur colour. Many imitation 
ports, shc'rrie^s and other wines are made? in 
England, sold for a few' ])eiiere; a bottle wfliole'sale, 
and retaile'd as foreign wines, liritisb wanes are? 
are not made from grape juice' at all. 

Many wine's are also artificially m/ide? in 
Hamburg and elsewhere, ]>orts and slie'iTies from 
fiise'l oil, and rJ»am])agr)e? from rliubarb, apples, 
etc. German still wines arc arf ificia-lly aerated. 

Beer being now k*gal if not made? from malt and 
he)i)s, cannot be? said to be adulterated even v\ hen 
made from epiassia, gentian, ealumba, and other 
bitters. Fewme'rly beer w'as much adulte*rated ; 
now, except when the; materials are themseflves 
adu Herat e^d, as in glucose, containing arsenic, 
the chief adulterants are water, salt and alum. 
If the SALT amount, to e.'ver 10 grains per gallon 
the beer is adulterated. 

GOOD AIR 

The atmosphere is the vapour or gaseous 
eove*ring of the. globe, on wliieh life dejx'iids. 
It extends everywhere up to a height of 40 miles. 

Wc, on the surface of the earth, arc iiid(*ed 
moving about on the bed of a vast air ocean. 
40 miles d(?ep, and the pressure of this enormoii.s 
mass is so groat that it is equal to 1.5 lb. on 
every square inch of surface. Our bodies, there- 
fore, and everything around ns are naturally ami 
instinctively constructed to stand this great pres- 
sure, which, being equal on all sides, is not per- 
ceived. The force of it is seen at once when it 
can only press on one side of a l)ody, as, foi’ 
instance, on the outsido of a glass bell from wliie'li 
all the air inside has been removed. The be'll 
then pressed to t he table l)y the weight of air, so 
that it cannot be moved. It is probable that 



HKALTH 


the air ocean is even deeper than 40 miles, for 
there must be some oxygon at any rate much 
further than that distance, since meteors burst 
into combustion at 2(X) miles from the earth. 

What Air Is. We will first of all consider 
what air is, and then examine the various im- 
purities with which it is adulterated ; they are 
so numerous that it is quite likely that many 
that have drunk pure water have never yet 
breathed pure air. The air we commonly meet 
with has as many ingredients as soup. If we 
want to breathe pure air such as we are going 
to describe, wo must go to the top of some moun- 
tain over 10,000 ft. high, letting no one eome 
with us to contaminate the air. We must faee 
the wind, and then we can inspire pure air. 
In no part of this country is such air to Ik^ found. 

Air is a mixture and not a compound like' wat(‘r. 
In the latter, two gases are ehemieally com- 
pounded and form a liepiid. In air two gases arei 
intermixed like sugar jind sand, and merely form 
a mixture of gases without ohomioal ehangc'. 

By volume air is one-lifth oxygen and four- 
fifths nitrogen ; or per cent., oxygen 20*<t, 
iijfrogcn 79’1, and carbonic acid gas (CO.^) *01. 
By weight the percentage is oxygen 2.‘{, nifrogeui 
77, and carbonic ticid gas Oti. There ani also 
small amounts of other g.ases and water vapour 
in pure air. ' 

Constituents of Air. The gases found 
in air are nitrogen, oxygen and carbonic; acid gas 
(carbon dioxide). 

NiTKoaKX. This is an inert gas us(‘d in air 
simply to dilute the too Vmy oxygen. It cannot 
support combustion or life as a gas, and yet as 
a chemical element in (‘ombination it is an 
absolute essential of all life. It used to be called 
“ azot ” — f.e., witJiout lif<‘, and y(‘t tluTc is no 
organism on earth that caai exist witliout it. a.s 
an essentifil food. Nitrogen means the birth 
giver or the mother of niti’c or S’lli p(‘t n*. 

It is readily separated from tlie air by passing 
air over red hot copper, which abstubs all the 
oxygen and leaves the nitrogen. 

Oxygen. Oxygen in the air varie.s very 
slightly in amount. *()n the most breezy moor 
there is 20‘98 per cent., or very nearly 21 ])<*r 
cent. ; in the closest house lliere is 20 87 per 
t ent. On a high mountain the oxygen is Ic'ss 
than on a moor, beeaust* there is no veg(;tation. 

Ozone. Oxygen, again, is of at least three 
qualities. There is tlie ordinary oxygen found 
everywhere ; then there is a conei'ntrated form 
called ozone, formed by elect rieiiy and the action 
of the sea water and seaAveed round the coasts. 
'I’liis is extremely vitalising, and has a pene- 
trating smell. One part of ozone in 2,5(M),0tM) 
parts of air can be detected by the smell. There 
is most ozone at night, in the winter, on high 
ground, round the coast, in the country, after 
thunderstorms, and with a west w'ind ; thcMc 
is none normally in towns or rooms. 'I’lie 
most that ever occurs is one i)art to 700,900 
of air. It is to this ehi<‘fly that the benefit 
of the sea air is due. Then there is expired 
oxygen that has been breathed and re-breathed, 
found in crowded resorts. Town air, though 
it contains the same proportion of oxygen 


moor air, is devitalised, because the air 
is not of the same quality. Air is purified 
and ozonised by electricity, hence the litoral 
truth of the expression that a thunder-storm 
“ clears the air,” and the peculiar fresh feeling 
of town air .after one. 

CARBOxre Acid (Jas (carbon dioxide). If the 
amount of carbonic acid gas in air does not exceed 
4 parts in every 10,000 -that is, 04 per <ent.™ 
tlu‘ air is not accounted impure. It generally 
varies in pure air from 02 to 04 per cent. 

Mfater V^apour. This is present in all 
but pure dest'rt- inr in the dry season, and is 
n(‘cessary for life. The (;ooU‘r the air the less 
water vapour will it hold. Tin* greatest amount 
it can retain in proportion to the temp(‘rature is as 
follows in grains of water to cubic f(‘et of air: 


Air 


Water 

Air 

Wat er 

30 cub. 

ft. 

2 gr. 

70 cub. ft. 

8 gr. 

40 cub. 

ft. 

3 gr. 

SO cub. ft. 

1 1 gr. 

50 cub. 

ft. 

4gr. 

‘)0cub. ft. 

1.5 gr. 

fiO cub. 

ft. 

(> gr. 1 

100 cub. ft. 

20 gr. 


Air saturated with watca- vajxuir from ‘10° to 
40" feels very eliilly and raw ; at tU) ’ saturated 
air is comfortable; at 100’, as in hothouses, ii 
is close and heavy. Tin* most eomfortabli; 
amount is from I to ])er cent, of water (in 
tJu‘ form of v'ajMUir) in the air, or from .'>0'" to 
75^ of sjituration. 

Properties of Air. The clnid prop(*rli(‘s 
of air are three in numbtu*, wiighl, vxpnnMon 
and dilfusion. To the first w(* have already 
allud<‘d, and have shown that the ])n‘ssure of 
40 miles of air (‘quals lo Ih. to tJu* stpian; 
inch on the eartli’s surface. 'Phis ]>ressurt; is 
sufficient to su])port a column of mercury in a 
I in. tulx' .‘10 in. high, forming a haroineter, hy 
wliich th(‘ varying pressure of tlu' air is mc^asunxl. 
Fifte<‘n pounds to the s^piarc; iri(*h is ou«‘ ton to 
th<‘ square foot ; and as the siirfao(‘ of the body 
is It) scj. ft., the pri‘ssure on ('ach person amounts 
to 10 tt)ns, and yet it is not felt. 

The Wf'ight vaiies a(;cording to nu)isture am I 
teni])erature. Air gets lighter as it gets warimu' 
and wetter, and under (h(‘si^ conditions tJie 
baronu'ter falls. 

Tf there were no twpan-'iion of air the s(‘]>arate 
gases, of which air is romposed, would all lie in 
layers one above another, the light<‘st, at tlu': top 
Tliis wouUl be tJie wat(‘r v’a])our, then won hi 
eome the nitrogen, then the oxygen, and at tlie 
bottom, next the earth, all tli<‘ earbonie. a<‘id 
gas, (X).,. 41iis would mean tlciith. Again, 
if there w('re no dillusioii, by whicJi om* gas 
raj>idly changes place with another, tiu're would 
be no uniformity in the com posit ion of the air, 
as it is by this law that the carbonic acid gas in 
the blood rapidly changes |)lac(; with tlu; oxygtai 
in the lungs, and the carbonic acid gas forme<l in 
a town is rapidly removed to the countiy to ))e. 
absorbed by plants. On this property again 
life depends. 

8o far, then, wo have given a brief si;eLcJi 
of air in its pure and normal state. We will now 
consider the numerous inqnirities witli which all 
the air we use is really more or less mingled. 

Need of Purity. There are two poiiils 
to notice about air regarded iirS hunuon foorl. 
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Ono i« that, unlike all other food, which can be 
Hciocted of the greatest purity and best quality 
from all parts of the world, we are compelled by 
an inexorable law of nature to use that air 
that is just in front of c>ur mouths, hovvtmu* 
foul and poisonous it may be. '^riu* other is 
that where pure air is most want(‘d — that is, 
in cities — it is always most difficult to find, 
b<.*eause the very men who need it themselves 
poison it. It is curious to think that seventeen 
times every minut(' pure air is a vital necessity, 
and y(*t that seventeen times a minute w^e arc 
pouring j)oison into it. This is exactly similar 
to pouring our sew'age into our well of drinking 
water. In air, however, impurity is unavoidahle, 
and to mitigate the evil efforts the science of 
ventilation has s])rung up. With this we shall 
be coneeriKHl latei’. At present we will briefly 
consider wh.'it. tlie impiirities are, before seeing 
how In'st to remove them. 

Impurities are of three elass(‘s : gases, organic 
]) trtie.les, and inorganic ])artiel(‘s. 

Gaseous Impurities, 'riiese are ammonia, 
nitrous oxide, excess of CO.^, carbonic f)xide, 
Hulpburetted hydrogen, marsh gas and sul- 
pluirie a'*id. 

Am.moni.v. Tiiis arises from all deeaying 
organic matter. Thc^ amount, in the air is gene- 
rally about parts in 1(),0()0,0()(). Rain washes 
it out of the air tog<^ther with m.an> otiuu’ im- 
])uriti«*s. 

Nitrous O xt o k. Tliis is formed from (‘leet ricity 
after thunder, and also from <lee()mposing 
animal matter. 

ExrE.ss OF The excess occurs in all indoor 

air and in inueli town air. It lias been found as 
follows : 


I*lae(‘ Excess 

National School (Leicester) *2 })er e(*nt. 

Public Library *2 per C(*nt. 

A SH ize Co ii r I ( M an cl test er ) *1 0 pt*r cen t . 

Strand Tbeatre 1 per cent. 

Bed- room at night dO per cent. 

Earraeks -05 per cent. 

Manchester Station *04 per e<*nt. 

Mine in Cornwall ’78 p(‘r cc*nt. 

Convie,t Prison 10 per cent. 

It occurs ill excess in mineral w'ater factories. 
Ill London slr<*et.s it seldom rises abf)ve nornuil — 
*04 per cent. When ])urc, CO., is fatal if it 
amounts to Vr* per cent., w'liilo 1*5 per cent, 
produces giddim^ss and fainting. Anything 
below 1*0 per cent, produces no immediate 
effect on health. CO^ is a narcotic and pro. 
duces deep slcej), lumce one often slee])s better 
(if used to it) in a close unventilated room, 
through being half poisoned wuth CO.^. 

It is W(41 to remember that CO._, is heavier than 
air, ami tlierefore always tends to lie on the 
floor ; h(‘n(‘e, the advantage of a bedstead, and 
the danger of sleeping on the floor in a close 


room. Its weight can be shown by pouring some 
into a thin paper box balanced on a scale or on 
to a light paper overshot wheel, which it will 
cause to revolve. Tiic reason one hears so much 
of it as an impurity is because air containing 
4 per cent, breathed out 17 times a minute by 
eviTy human being is laden w ith organic partiefles 
which are more injurious than the CO.^ itscslf. 
'riiis ]>oisonous organic vapour clings to walls and 
clothes, and leaves a room slow4y. The (X)._. 
itself i.s easy to remove, for it diffuses rapidly ; 
but the organic matter is diflicult to remove, for 
it is not a gas. We may state here that the 
extreme limits of foul air found in frequented 
r<*.sorls havt‘ been .‘is regards deficiency of 
oxygen 2()() ])er cent, in an old courthouse, 
anfl, for cxe(‘ss of (’().^, *7 per eemt. in a cimvded 
scliool-room. This amount is, however, very rare. 

Parbonk; OxiDK (PO). Tjiis is a far ruon^ 
d(‘adl y prodnet, but is fort unat ely much ranu’. 1 1 
arises generally from iinhurnt gas, red hot east- 
iron stoves, and ehaivoal stov(\s. Even *007 per 
('(‘lit. is quite unpleasant in the air, whiU^ ‘Oo 
p(‘r cent, (the eommon quantity of in tlu' 
air) is fatal. Ev('n '01 per cent, leas caused 
d(.‘ath. At an old eliureh at .\mbl(‘side, }#)(> 
]>(Tsons w(;re jioisoiied by it from a heated iion 
stove. It is forriK'd wherever combustion goes 
oil in close air, and is without smell or taste. 

IM.arsii (bvs. This is practically harmU'Ss. 

SuLI'H rRETTKD 11 YDROff .EX. Tliis is a S(*W(‘rgaS. 

StujMii’Rors A('ii). We find this in the (ruii- 
bustion of coal in close plae(‘s sucli as iiii(l(‘r- 
ground riihvays. It is a powerful disinfectant. 

Organic Particles. TJu'se include polUm 
from flow(*rs, skin colls, ])us cells, bits of insects, 
germs of all sorts, luiir, w’ootl, flax, wt>o1, cotton, 
pap(‘r, silk, starch, manuiv, vegetable cells, 
seeds of all sorts, and other organic n'fuse. 'Hie 
skill cells are in inniimerahle millions, Ix'ing east 
off the body of (*arh individual daily as dust, 
and then constantly inhaled. Polkm produces 
h.ay f('ver. ( Jermv are v(‘ry nnm(*rous, and an* 
eitlK'r harmful or harmless. In London air it is 
comput('d that some 14,000 are inhaled by each 
person every hour, and all arc retained in the 
i)ody. for t he expired air contains non(^. When 
we consider this fact and think of all the filtli 
w ith which the air is ladcm, there is surely a strong 
argument in favour of bn'athing through the 
no-ic. All inspiration .should be so conducted, 
and then not a single germ enters the lung and 
no filthy impurities ('iit(T the mouth and defile 
it. No el(*an ])(U‘.s()n who know^s of what dust 
consists can breathe, town air through the mouth 
on a windy day. The manure and dust in the 
.streets and t he disgii.sting germs connected with 
it are so common in London air, that during 
an inv(*stigatioii a .short time ago there was not 
a single spi'cimen of milk from the smaller dairies 
in London that was not swarming ivith them. 


Continued 
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Insects— ro'itiniu'cl 

8. Flies and Fleas. This enormous 
asscinblajijc of inseels, most of uhich are small 
or even minute, ineludes many s|M‘eies that have 
earned an undesiraV)le reputat ion as hlood-sindvers 
and })csts. Exeej)! in fleas and a few t>thers, 
sueh as sheep-ticks, there arc^ only two nuun- 
hranous wings, for the hind(‘r ])air of these 
organs have been reduced to vestiges (hahmeers), 
which servo as sensory siruetnres. The mtmth 
parts of the h'lnale arc' very oft(*n pic'reing 
and sucking organs of great eflieic'ney, tlu' first 
and second jaws being in the' form 
of slender lancets proteeti'd above 
and Ix'low by the ii]>per and nnd( r 
lip respeotivc'ly 1* 

other types, sueh as the hoiise-lly 
{Miimi (lomcfitira). the jaws are 
modified info a proboscis usc'd for 
sucking juicc's, and dc'void of 
])owers of perforalion [460]. 

The life history exhibits a well- 
marked metamorphosis, vhich may 
b(‘ illustrated by reh'rence to the 
blow-flies {(Udh'jfhom) or the house- 
fly [459]. The elotigated whitish 
eggs (“ fly-blows ') arc' laid in 
animal substances, sueh as meat, 
and hatch out into limbk'ss mag- 
gots of extreme' voracity. Aftc'r 
growing to a ecTtain size, these 
become quiescent ovoid pu}>a* en- 
closed in firm invc'st incuts, from 
wdiieh the adult flies ultimately 
make their escajx'. 

Hessian flic'S are minute forms, 
of which the larva* greatly damage 
grain crops, while the fungus llies 
are also very small, and lay their 
eggs in fungi, as these constitute 
the food of the young. The little 
maggots which riddle mushiooms 
are of this nature The larva* of 
some of these Hies {Sciara) are 
known in the Northern Ileinispliere 
as “ army worms,” because millions 
of them may sometimes be seen migrating from 
place to place, aggregated into Avrithing, snake- 
like masses by means of sticky threads. 

Mosquitoes and Gnats. These [464] 
arc particularly notable for the blood-sucking 
propensities of the female. Tin* larva* arc little 
worm-like creatures which may he seen Avriggling 
about in stagnant wati'r, and ])oss('ss a breathing 
tube at the tip of the tail, that can be jmshed 
above the surface to procure air. The pupa 
floats at the surface, Avith tAvo breathing tuhe.s 
projecting from its head. If alarmed, it is ablt^ 


t»A diA’^e. Aftt'r a tinu' the pupa! skin ope u-j and 
the j)erfeet insect makes its way out. 

Agents of Disease. Some tropical mos- 
(juitoes di.sseminat(' the gc'rms of sueh diseasi'.s 
as malarial fWer and sli'('ping sickness. Wholesale 
di'struetion of the early stages, by ])oiiring pt't- 
roleum on the surfaet' of tin* stagnant water in 
Avhieh they live, has het'u employed with great 
sueee.ss at Havana as a preAa*nfive measure 
against yellow fever and malaria. 

Midges are A^ery minute gnats, of Avhieh the 
acjuatie larva' are known as blood- worms. 

Crane-flies art' familiar tt) us in the 
jx'isons of daddy longlegs (7Vy)/dr0. 

AV('ll adapt<'d for elinihing nuK'nig 
grass. 'Phe laiwa* (h'ather-ja-ekets) 
gnaAv the roots of grassi's, ami 
heeoiiK' pu]>;e in the ground [sei' 
AoRici i.Tnu:, pag(* 11U»7]. Saml- 
flies are small gnats of unusually 
bloodthirsty dispo.sition ; their 
larva.' acjuatie. 

Voracious Flies. In the 
fli(‘s so far desciihc'd thi* anU'iune 
are long, hut in the ollu'rs nf)w 
to he mc'iitioiU'd tliey are short. 
Of tiu'se the hn'c/.e-flies or gad- 
flies ])nssi‘ss fx>AV('rful ])i('ii‘ing 
mouth-parts, Avith Avhich they tor- 
ment both stock and human Ix'ings. 
A well-known s}>eei(‘s is the long 
broAvn elegg {ll(t innhtjxtta p/x- 
rialis)^ ofte)i met with in wtxxls. 
In sonu' tr()pi< al kinds the jaws 
are of ('Uonnous length [4621. 

Kohlx'r-Hies are voracious and 
insatiable fornis which pny upon 
other insects, even wasps, dragon- 
f1i('s, and t igc'i -lx'i't U-s being among 
their Auetiins. 

Ifover-flies are swift and ('legant 
insects which have alr('ady Ixh'II 
mentioned in connection Avith 
floAVi'rs. Soiiii' of them elosc'ly 
resemhh* bees in appi'aranee, and 
this has heen deserihed .as a 
ea.s(‘ of proteetiv(' mimicry. Tlu' larva^ of 
.some w'ell-known spc'cies (AV/Wx/Zs) are called 
^ rat-tailed maggots," and li\a' in liquid tilth. 
The “ tail ” is in reality a breathing tube. Other 
lai'A'a* (Volucdlu) inhabit the nests of bees ami 
AvaHp.s. and probably act as seaA'C'iigers. Honsf*- 
flies, hlow-llies, and many others make up yet 
another family. 'J'h(' dreaded tsets(‘-tly {OIoMsinu 
tiwrfiitaihs), so fatal to horses in parts of South 
Africa, belongs here [see J’lale facing ])ag(^ 3:i()ll. 
Germs of the fly-siekness {Xo'jana) arv intro- 
duced into the blood of the victims. Tin* 
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bot-flies have been de- 
scribed and illustrated 
on pages 2626 and 2627 
in the course on Agri- 
culture. 

Fleas. F1 (mis [ 463] 
are witiglcss members 
of the order, and their 
agility fully eom])en- 
sates for the loss of the 
poAver of flight. There 
ai e many s])ecies infest- 
ing different mammals 
and birds. 1’h.e fiunales 
of the tiny sand-fleas, 
or ehiggei's {Sarropsf/lla 
iunvtrtuis) of tropical 
America dct)osit. their (*ggs in the feet of human 
beings (or other animals), and unless the pain- 
ful s\v(‘llings thus brought about are carefully 
treated they art; af)t to fester dangerously. 
J^robably the slang ('X])rt'ssion, “ You l^e 
jiggered!” is an invocatuni to this unpleasant 
insect. 

6. Membrane-winged Insects. The^t 
constitute a vastly numerous gn»up. including 
among many t.thers, ants, bet's anti wasps. 

I he most iritt'lligt'nt of their kind. They 
are rt'adily rt'cognised by the presence of 
lour transpart'ut wings fiavt'rsed 
by a comparaiivt'ly small number 
of vt'ins, the liinder ones lieing 
much smallt'r than tin* others, to 
which they art* in many instances 
attael'#{'d during tligld by means of a row 
(d’ minutt' hooks. Tht' pt>stcrior end of 
the body in the h'lualt' is coiiiinonly 
providi'd witJi a piercing apparat us, which 
may eillu*r servt; ft»r boring holes, in 
Avhich ('ggs art' laid, in which ease it is 
called an " ovipositoj*,*’ or may have been 
modified into a poisoned sting, useful for offence 
and defence. The conspicuous black and yellow, 
or black and rt'd bands, of wasps and bt'cs art* 
“Avarning colours,” indicating their stinging 
powers. 

The larvaA either resemble caterpillars, or me 
pah*, lu'lpless maggots. dcA'oid of limbs, for tin* 
Avt Ifaro of which more or h'ss elaborate pn>- 
Ausions are made by the iiiotht*!’ inset't. LattT 
on, a qui<*seent ynrjAa stage is reaclu*tl, from Avhich 
the Avinged adult ultimately emerges. 'I’he 
highest m(‘mbor.s of the order live in communities 
comprising several castes, as 
in termites. Tliese include 
m a 1 e s, ]) t* r f o c t femah's 
(tpieens), and one tu’ more 
kinds (d imjXTfeet female 
AVtu’kers (soldiers). 

Wood » wasps. The.se 
iase.ets somewhat resemble 
Avasps in appearance, except 
that they do not possess tlu' 
characteristic “ Avaist ” and 
sting. The giant wood-Avasp 
[ see Plate facing page 3361] is a 
typical species, in which the 
female has a powerful boring 
3722 


apparatus, with two strong blades 
that serve as augers for perforat- 
ing the trunks of sickly or felled 
pine-trees. The eggs laid in the 
holes thus made hatch out into 
wood-eating larva?. The Hfe- 
Instory is somewhat prolonged, 
and the perfect insects have been JAWS of 
knoAvn to escape from wooden hi-ooi)Suckin(; 
furniture after the lapse* of several 

(SpivtKl <mt) 

^.ears. ^ Upper lip 

Saw-flies. Tn tliese small b. Lancets 
insects [465] the female poss(‘Sses 
an oAupositor, consisting of two elegant curved 
sa^v•edged blades, sliding on supports. The larva? 
someAvhat resemble little caterpillars, and are 
notorious ins(‘et-}a*sts. Hose-tivc's and currant- 
bnslies are eommonly attacked by some of our 
native species, while others de\Wtate the turnip 
crop. 

Gall-flies. Tb <'S(* are minute bku'k 
insects, the fc'males of which are provided Avith 
sk'iidc*!' ovipositors, used in piercing soft v^ege- 
tabU* tissiK's, for c'gg-laying purjioses. A kind 
of irritation is set up, resulting in tiu* growth 
of an abnoiinal swc'lling known as a “gall,” 
Avithiii whieli the larva lives and feeds. 
Tin* oak t re'* is particularly liable to such 
attacks, and is A'ietiiiiisc'tl by a large num- 
ber of s])eeies. Tli<; most 
familiar ease is atforded by the 
.splu'i’ieal broAvn bodies known 
as “ oak-apples,” vvhik; other 
common oak-galls look like 
eui rants, or circular broAvn scales 
(“oak-spangles”) on the backs of ilu; 
leava's. The curious tufted red swellings 
(bedeguars) often s(‘eu on Avild rose- 
bushes, are of similar nature. 

Ichneumon Flies. These flies 
[see Plate] make up a host of mostly 
iueonspieiious little ert*atures, which go far to 
cheek tlie ra\'Mges of A^egetarian insect s, and arc; 
therefore among the most valuable friends of the 
farmer, niarki*t gardener, and forester. Their eggs 
an* laid near, on, or in the immature stages of 
other insects, the juices of which are absorbed by 
the larATc. 7''lu* eat-<‘r pillars and even eggs of 
butterflies and moUis are fav(>urite objects of 
attack, while the destruotivo plant lice (aphide.s) 
come in for a good deal of attention [467]. Some 
of the larger kinds chock the ra Adages of the larva? 
of Avood-Avasy)s, piercing infested timber with their 
j>oAverful ovipositors [468]. In 
this Avay they arc able to do- 
posit their eggs in the galleries 
of the w'Ood-Avasp larvte, to 
Avhich their oAvn larva? attach 
themselves on hatvjJiing out. 
Om; of our native gall-flies 
actually makes its way under 
Avater for the purpose of at- 
tacking caddis worms. 

Bees. Tliese familiar in- 
sects construct cells of various 
materials in which they lay 
their egg.s, and devote most 
of their time to feeding and 
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caring for the helpless larvjo. Some arc solitary 
forms, but bi^tween these and the complex eoin- 
munities of humble bt*(*s arid honey bees there 

fire various in- 
t e r med iat e 
stages. Their 
d p e n d e n ce 
upon t)u‘ pob 
l(‘n and nec*tar 
of flowers has 
been (‘ls«‘\vhen^ 
c o n s i d (‘red. 
but it Mill be 
M’(‘ll to remem- 
ber that their 
structure has 
be(*u pro- 
foundly modi- 
fied in ndation 
to t h i r 
peculiar diet. 

Carpenter 
Bees. Th(\s(‘ 
ar<' large and 
handsome in- 
sects which 
build their 
nests in dry wood. After biting out an entranci*. 
th(^ femah'i constructs t hree or four parallel tunn(‘ls, 
each of which is divided into a number of cells 
separated by partitions construct(‘d of sawdust 
cemented togidlier with saliva. 

Each ci'll contains an t'gg, to- 
gether with a store of food. 

Carder Bees. These* l)ees 
make Ilnur eells in ready-made 
hollow’s, soimdiines using empty 
snail slu'lls for the purt)os(‘. The 
material einployi^d consists of 
down from flu* shuns and leav<‘s 
of various plants. This is skil- 
fully woven into tin* e(‘ll wudl.s. 
cement being added to prevent 
the stored honey leaking out. 

Leaf s cutting Bees. 

These nest in various hollows, 
walling-in their eells with piee(‘s 
of leaves glued together. One 
sf)ecies native to this country 
employs tlie scarlet petals of 
the floppy in this sort of up- 
holstery work. 

Mason Bees. ]\rason heos have* been studied 
with painstaking care in the South of Frir’ce, 
and the following arc a few^ of the details ob- 
served. A flat stone having been selected as a 
foundation, the first cell is made (_)f earth worktul 
into a kind of mortar with 
saliva. This is th(*n stored 
w'ith honey and pollen 
mixed together into a sort 
of sweet pixste ; an egg is 
next laid, and the ('ell 
roofed in with mortar. 

Other cells are now 
added, to the number 
and the whole is covei*ed with mortar and 
small stones. The completed iie.st is con- 


about half the Ki7.e of an 
Like lh(‘ir nam(‘sak('s among 
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vex in shap and 
average orangi*. 

Cuckoo Bees. 

<h(* birds, cuckoo 
bees liave .ue- 
(piired the vicious 
habit of taking 
advantage of tlu* 
industry of .some 
of their allies for 
th(* benefit of 
their pr()g(Uiy. 

One such foirii 
{Stflis winutjv) 
v i e t i m i s (* s 
another b(H‘ {Os- 
in ia U' HOinu Imm ) , 
which constructs 
its e<‘lls in blaek- 
b(‘rry .stems, 'rbe intruder lays an (‘gg in tin; 
midst of the provisions storm'd in each such cell, 
and as (lu* destitute! alien is the first to Jiateh 
out . it grows more rapidly than tlu* law ful owner. 
Ultimately the tavo larva* m(.*et, that of tluicuckoo 
be(‘ killing and dev(mring its opponent. 

Gregarious Bees. Helping to (‘X plain 
the origin of communal life among In'cs are 
e(*rtain eas(*s — c.r/., Ifalirfus - where a nuiulx’r ol 
femak's undertake a c(ut,ain amount of work for 
th(‘ common good, ('xenvating a branching tunnel 
in the ground, with an entijuiee and V(‘stilmlo 
used by all. But each indi- 
vidual constructs, stoics, and 
finally lays her eggs in c(*lls as 
an ('nliiely in(U‘p(‘ndent task. 

com))arison may almost he 
ma(l(‘ with a s(‘i‘i(‘s of Hats 
()p(‘ning upon a common stair- 
case, and with om* front door 
between th(‘m. And just as 
in su(‘h a cong(‘ri(*s of human 
dwellings an individual em- 
ployed by .‘dl may he r(.‘S])onsi- 
i)k‘ for fnmt door' and staii (‘jis(‘, 
so among thcs(‘ })artieular Ix'os 
a. sentinel is .s(‘t at tin* eutr*anc(‘. 
to the burrow. In what man- 
ner this finu'tionaiy is a.p- 
point(‘(l remains to he shown. 

Humble-bees. |Sc(‘ 
Plate facing })age‘llh)l.] Tlics(! 
common Ikm's arc* larg(‘, sonic- 
A^hat elumsy-looking insects which live* in com- 
niiinities including Avorkci-s or imp(“rf(*ct females 
as well as ordinary 
members of tlu^ two 
H(*xes. Th(*m‘stsar(^ 
const met (si in holes 
in the ground or 
oth(‘r sheltered 
pla(H*s, and the (‘s- 
tahlishment of a 
eomninnity is due in 
the first instance to 
th(^ labours of a 
foundre.ss queen in early summer. She makes 
a number of waxen cells, stores tliem with 
honey and pollen, and rifterwards feeds tlie larv.e 
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when they have devoured these provisions. 
From the first (and several other) batches of 
larvao workers are chiefly produced, which under- 
take the constructive and nursing work, until 
at last the queen has 
nothing to do but lay 
eggs. Males and other 
queens arc reared from 
some of the eggs laid in 
late summer and early 
autumn. 

Tile bi’ood-colls difh‘-r 
in size according to the 
destiny of their occu- 
pants, the smallest being 
((('signed for workers, and 
the larg(^st for queens. 

PolUm and lioney are 
stored in special rec<“p- 
tacles known as j)olK‘n- 
tuhs and honey- tubs. 

Living in the m'.st of a 
htimble - bee 

and on good terms vvilli 
the members of the com- 
munity, are to In* found 
individuals Ix'longing to 
a relat('d genus ( ///vev). 'Jhese construct 
their cells in association with tliosi' of tJieir hosts, 
and steu.1 the hom^y and y)(>llcn which tlu'St* have 
stored up for their owm benelit. 

OiU' species of humble-hce, at k'ast {11 
r V d vrat u s), i s 
know'll to a])point 
a ‘‘ trumpi'ter,” 
which w’aki's !ip 
the community at 
three or four 
o’clock in the 
morning. 

The Honey- 
bees. The honey* 

bci's (.l/)v‘,v) arc so 
well known that it 
will be unnecessary 
to say rmurh about 
th(‘ir habits, espec- 
ially as details a\ ill 
he found in tiu’ 
course on Bee-Ke(*ping. A community consists 
of a single queen, tin* mother of all the remaining 
individuals, a large number of workers, and 
numerous drones, or males [466]. The cells are 
of ditrerent sizes, as w ith humbic-hecs, and eggs 
that. Avon Id otlierAvise give 
rise to AVork(*rs may bo 

made to produce queens 
- - ■ 
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queens 

by feeding the larv:x‘ which 
hatch from them wdth more 
stimulating diet, and as- 
signing them large “ royal 
cells.” 

Structure of Honey- 
bees. 






SPREAD OUT 
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jaws c. rnited third 
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eyes by which objects at a distance can be 
perceived [469]. There is a well-developed 
sense of colour, and flowers which specially lay 
themselves out to attract bees are mostly of 
blue or purple hue. Bees 
have also a keen sense of 
smell, which not only 
attracts them to fragrant 
flowers, but also helps 
them to detect the pre- 
sence of nectar. 

The mouth-parts of 
the bee are highly speci- 
alised [470]. The power- 
ful first jaws (mandibles) 
are used in the constriur- 
1 ion of the comb, and for 
470. JAWS OF WORKER ^ great variety of other 
purposes, while the 
second and third jaws 
are drawn out into a long 
suctorial and licjking ap- 
paratus. The basal part of 1 his const it utes a tube 
through which nectar or other swee^t fluids can be 
sucked u]), Avhile its terminal portion is a sort of 
tongue (liffula) that can be insovt('d into the re- 
c('ss(‘s ot iloAA'ers. Tliis 1470] is Avorked iq.) and 
down .-•() as to bring lu'ctar Avitliin tin* tid)iilar 
part of tlh' a})para1ns. 'riic (‘iid of the tongiu^ 
is ex])auded into a sort of lapped for ii^^king, and 
tb(^ sliar]» l)lad('s of the second jaws can be used 
for piercing certain llowcrs, such as orchids, whieli 

contain 
swa*ct sap. 
When not 
in action, 
the suc- 
torial parts 
o f t h e 
mouth are 
fold('d up 
on the un- 
der side of 
the head, 
enabling 
the first 
j a A\' s t o 
work freely. 

, , There are 

marked diffc'rences betAvt'cn the three pairs of 
l(‘gs of a Avorker-beo. The first are provided wit h 
combs, by Avl)ich the delicate antennse are 
cleaned [471], while the third [472] are chiefly 
remarkable for peculiar pollen- brushes on the 
fivt, and a depression or ‘‘pollen basket” on 
the ont(‘r side of the shin. The hairy feet brush 
pollen into the baskets, and 
when of dry nature, a little 
honey is ejected from the 
mouth on to the grains, so 
as to stick them together. 
Another peculiarity of the 



Outer side Iiimr i»je 
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. - 173. KKSTS OF SOUTARY WASPS (iN SECTION) third legs IS the nature of 

Many ot the points «• bu.„c.ided ol was,, ft. Stored onterplito the joint between shin and 
m Iho strucMiro of the honey -tico fit it for foot, which constitutes a sort of pincers useful in 
nUTJ' I T?- complex activities manipulating wax. The wax used in constructina 

I pon the head tnerc arc two large comijound combs is secreted in the form of little plates by 

ey es, used toi near vision, and three small simple glands opening on the imder-side of the abdomen. 
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Solitary Wasps. Wasps, like Ik'os, arc' 
either solitary or social^ and it is only in tin' 
latter tlmt workers exist. 

Solitaiy wasps construct small nests of clay 
an(i lilik‘ stones, or else n\ ake burrows. They 
possess tlie eurioiis habit of storin.^ up 
immature — for example, caterpillars — or mature 
insects, or even spiders, for th<' benefit of 
their larva' when tlu*se hatch 
out [473J. 'I 'ho kind of victim 
de])ends upon the species of the 
wasp concerned, but in any cast' 
it is killed or paralysed by 
stinging. 

Social Wasps. So(‘ial 
wasps somewhat resemble social 
bees in their habits, but theii* 
building material instead of being 
wax is a kind of ])aj>(‘r made of 
chewed wood inixc'd Tip ^vith 
saliva. In some instanc(*s, the 
nest is su.speiukal from a. bush or 
tree, as in tlu* example tignred 
[474f and 475], and is provided 
with a kind of ovc'rhanging roof 
by which rain is dm-ined otT. In 
our commonest nati\<‘ species 
( Vespa vulgaris), an underground 
site is chosen, and a seri(‘s of 
combs constructed from above 
downwards, th<‘ wliole being (‘lu'losed in s'*ver.d 
layers of wasp-paper. .\djac(‘nt combs an' held 
together by little pillars [476]. 

Tlu' young are jit first h'd ipion fruit -juice, 
nectar, and otlu'r A'egetabk' niatt(‘r, for which 
a more stimulating diet of chewtd insects is 
afterwards sid»st ituted. 

"IMxe hornet ( Vcsjxt eraln'o) [se(‘ 

JMate facing page ] is a 

social was}) which coimnonlv nests 
in hollow trees. 

Ants. These familiar and in- 
telligi'nt diminutivT' creatures are 
pi'ihaiis the most interesting of 
all insects, owing to the extraor- 
dinary way in wliieli they have 
bt'eome adapted to a great 
varic'ty of modes of life. All are 
social, and a community typically 
consists of males, females, workers 
(of one or more kinds), and, it 
may Ix', soldiers. The two first 
are generally providi'd with xvings, 
though those of the female .are 
soon shi'd, but exei’ptions to tliis 
occur, and some .species may 
have both winged <and wingless 
individuals of onti sex or the of lu'r. 

The first pair of jaws (mandibles) 

well or even excess! vt'ly deNcloped, ,nd 
possess unusually free powers of movement in 
aecordance with the varied functions they have 
to perform. In many cases, the females (includ- 
ing the workers) are provided with a sting. 

Ants hatch out as helpless limble.ss larvAc, 
which have to be ft'd and carefully attended, 
either by the fertile females or the workers, as 
the case may be. Feeding is rather a curious 


affair, for fhe nurse possesses a sort of pouch 
(crop) conneelcd with her gullef, and this is 
used as a store from which nutriment, can 1 h' 
squeezed up into the mouth. Adults can 
fcc'd one anot.h(*r in tlu* sanu' way. as also the 
little heclles and other insects which are often 
found as gTU'sts in their communities. 

The UHiitdering ants tliat are to he found 
in the trojhes are of highly ear- 
nivorous habit, and movt* about 
in larg(‘ armies, devouring c‘v<‘ty- 
thing of animal nature that conu's 
in their way. The fact that they 
an* blind, or pi'aetieally so, do<'s 
not seem to inl''rf<*rc^ with tlu'ir 
(h'vastations. Some of tlu'sc* 
forms (AV/Yow.) are common in the 
hottcT }>arts of Soutli America, 
while oth'Ts, the "‘driver " ants 
{Avnmmn), are wt‘11 known in 
.Africa, vh<‘r<* criminals, it is said, 
arc* sfiinetinu's tied up in their 
}iath, to })erish mist'rably, if 
spT'cdily, 

Robber Ants. Ants whi<di 
steal till' su})})lies of other spt'cies 
belonging to tlu'ir f)wn family 
an* not infn'queut. M"he browji 
nu'adow ant {Formica- jusca), 
that ()(*cu})ies subterranean dwell- 
ings. is subjee1<'d to the unw<*leome attentiojis 
of a sniallcr species {Solcnopsis luga.r) living 
in narrow galhTies j484] communicating with tlu* 
broader ones of its host, which is unable to 
follow the de])redators into their fastnesses. 

If the walls of our houses were riddled with 
galU*ries inhabited by a })igmy 
ra.e<‘ of marauders the situation 
would Ik* a similar one, suj)})osing 
our intelligence were notsufiieient 
to tackle effeetively tlu* problem 
(»f |>rolection. 

Slavers and Slaves. 

Some of the ants have antiei]>al<'d 
liuman mal))raetiees in the. way 
of slaving l)y }>ressing weak(‘r 
sj)eeies of llu'ir kind into iin- 
meritt'd ea})tivity. In one fami- 
liar instane<‘ the relativu'ly large 
o})pressor (Polyergus rulcsrens) is 
of reddish colour and well (Ui- 
dowed in the matter T)f jaws 
1480], while the enslavtul sp(*ci('s 
{Formica jusca) is small and dark. 
R^'gular slave raids art* made 
from time to time, whcJi, after a 
stubborn resistance, the pu})a* 
and older larva* of the weaktu' 
form arc carried away bj lead a 
life of bondage, to whi<*h, indeed, they take 
very kindly. This kind of social ecojiomy has 
indt^ed Ix'corne an absolute necessity to the 
slav'crs, which hav^e quite lost tlie power of ft'cd- 
ing their own young, while some such sp<*eies 
cannot fe<*d themselves. 

A most extraordinary state of things occurs 
in the case of a small kind of ant (Ayiergate.s) 
which possesses no workers of its own, but lives 
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r«it oprii fiom Itclow to slum- roiuh 
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477. ANT MILKINd A 
PLANT-LOirSE 


476. SECTION OP COMMON 
wasp’s nest 

. Hole in ^ntiind Kntraii 

Covering f wa.sx>-paper </. Coinl*.^ 



478. CHEST- BEETLE 
OP ANTS HEINH FED 
AND (’LEANED BY 
TWO WORKERS 


479. 



480. HEAD OF 

SLAVER ANT 


barley grains to germinate to a certain extent until 
the contained starch is converted into malt-sugar, 
when the process is arrested by scalding. In 
similar fashion ants permit ger- 
mination to go on to a certain 
point, and then kill the seedlings 
{)y biting away the little shoots and 
roots. In 
this way a 
.supply of 
the sweet 
food they 
love is 
secured. 

Among the 
most inter- 
est ing of 
ants arc leaf-cut ting forms 
(.IWa) native to trof)ical AnuTiea. They are asso 
ciated in huge communities occupying eomploA 
undtugrouiul dw(‘llings, tlu 
sites of which are marked by 
mounds that may measure as 
inucli as 40 yards round. Th(‘ 
chief food consists of a kind of 
fungus {Roziles (jontjfflophora), 
cultivated on bits of leaf , and 
treat(‘d in sueli a way that- 
little wliit(^ swellings are pro- 
duced |482J. It is these that 
the ants desire. 

The ehi(‘f duty of one set of 
woi‘k(‘rs is to collect tlu^ ])ieces 
of l(‘af recpiired. To faeiJitate 
lluMr operations, roads, largely 
iiudei'groimd, are constructed, 
whieli h‘ad to suital)le trees, 
and may l)e as much as 20 
y.irds long, or more, ( -urvcjd 
]>ieces of J(‘af ar(‘ bitten out 
aiui carried back to the nest, 
Mhcr<‘ lh<‘y are haiuhni o\^‘r to anotluT set (»f 
^vorkers, by tliem to b<‘ r<‘diieed l(j smaller frag- 
ments and 
made into 
m u s h r o () m 
ImhIs. 

Something 
h a s b e e n 
aln'udy said 


about plants JB 
whieli arti in 
possession of 
body-guards 
of ants, for 
which botli 
f o o d a n d 
shelt<T are 
provided by 
the rest of the 
com munity. 

Such plants are often more or loss modified 

a. FUNOUSOAR- as an adaptation to this curious kind of 
DEN OF ANTS Hiutual Ixmclit association. A well-known 

b. TOADSTOOLS instance is afforded by the bull’s horn 
PRODUCED acacia of Brazil, the large hollow thorns of 


within the communities of another species 
(Tetramorium ccespitosum) entirely made up of 
work(?rs. What has become of the males and 
females of the host under such 
circumstances is not definitely 
known. 

Cow»Keeping Ants. Some 
ants, such as the lit tle black s]H‘cies 
(Lasins niger) common in gardens, 
use as part of tluur food a sweet 
lluid that exudes from plant li(;o 
(a})hules)i, 
and keep 
these in- 
sects as 
we keep 
k i n (‘ 

[477]. 4 ’lie captives arc 

fed, .shelterc'd, and ji'aloiisly guard(‘d. Fenced 
enclosures are eonstruet<‘d for them on plants 
in tile vicinity of tlie nest, 

Avith which they ari*conneet(’d 
by (tover(*d roads. During 
winter, the fragile eggs of Ihci 
plant lie() art^ taken under- 
ground and sedulously eared 
for. 

Honey»pot Ants. 

There an* certain ants (.1////- 
7nfC(}(\gstii.'^) nativ<* to tlic 
United States and M(‘xi(o, 
and otlu'rs {Plagioh pis) found 
in South Africa, which have 
adopted a remarkable melliod 
of storing surplus honey that 
may have been colleetc<.l. 

(^Ttain individuals remain in 
the jK'st and play tb(* part 
of living “honey-pots, ’ swal- 
lowing the sweet iluid that is 
administered to them until 
their distended crops dilate tlv abdomen to an 
enornums size |485]. It is supposed that tlu 
members of the eommnnity are ablu to 
draw from this store when necessary. 

Harvesters. In Kurope, North 
Africa and North America, a number 
of ants are known tluit construct 
(*x tensive under- 
ground dwellings, 
in which they 
, store seeds of vari- 
ous kinds. 

Some of the 
American sficcies 
( P (} (j u H omi/rme.v) 
may be even said 
to winnow t heir 
grain, for they care- 
fully strip otT the 
husks and depo.sit 
these on rubbish -lioaps outside the nest. 

Maltsters and Mushroom 
Growers. Some of the sc'cd-storing 
ants almost de.servo the name of 
maltsters on account of tJie way they 
deal with their harvest. The human naturally by this being inhabited by the guardian ants 
method of making malt is to allow the fungus for which a special kind of food is provided 
:i726 



HAN(HN(J NEST OF A SOI 
AMEKK’AN ANT 




481. HANGING GARDEN OF A 
SOUTH AMERICAN ANT 



in the form of nutritious “ food bodies ” — namely, 
little swellings on the tips of the leaves. The 
acacia benefits by this arrangement, for the ants 
keep off leaf-cutting insects. Certain small birds 
have also learned to build in the branches of this 
acacia, the ant-guards of vvhicli prevent the 
visits of monkeys and otluT enemies. 

Some South American trees {(Uicropia) also 
maintain ant-guards [Az^cra) that live within 
their hollow stxuus, in eacli joiiit of which there 
is a little round pit, serving as a ready-madf' 
front door to the dwelling j^rovided. At tlu' hast? 
of (vu')i leaf-stalk tlu're is a .sw(‘lling covered 
with brown hairs, betw<‘en which grow' little 
“food bodies'’ for the benefit of tlie ants. 

Tn some of tin* East Indian ant plants there is 
a basal swelling 1483], traversed by a labyrinth 
of passages in whieb the attendant insects tind 
a commodious dwelling. '^1’lu‘se passage's an* 
formed naturally and not t'xeavaled bv th(‘ ants 
themselv<*s. Somi^ sueli ])lants arefiower-bt'ariiig 
Sj)eei(‘s, wdiile otliers ar<‘ ferns. 

Homes of Ants. It will already have iK'en 
gatluTed that ants live in dw'(‘l!iiigs of the most 
varied kimi, many being urHh iground. In a 
large* riumlu'r of species aut-liills are e(.)nstru<‘tt'd 
of various loose* matt*ria.ls, our common native* 
wood-ant {Formica rafa) b<*ing a. good e.xamplei 
of tins. An Asiatic ant (Occopki/Ua) constructs a 
summ(‘r-]ie)us(* of leave\s in a curious fashion. 
The larva, posse^sses silk-glanels fro?u which a 
sticky flukl e‘xudcs, hareleiiing e| uickly on e'xposure 

t(^ the* air. Aelvantage* of 

this is taken by the wwke'rs, ^ ^ 

for thf‘y hold la r vie in their 
jaw’s, and employ them as 
living guui-bottl(*s, while the 
leaf edges te^ becenu'iite'd are 
lield in position b}' oth(*i' 
workers. 

Hanging Nests and 
Gardens. Sejine of the 
South American ants con- 
struct hanging nests in tre*es 
1 479], by wdne*li protection 
against floods is se'cure'd. ()tlie*r ants in the same: 
part of the Avorld make e-urious home's whie'li 
well deserve the name of “hanging gar(le*ns,” for 
t he*y are mainly const rued <‘el of living phints, semie 
of which havt^ never been found in any e)ther 
situation [481]. The plants are 'cultivated and 



483. A XT- PLANT, 

.NATIVK TO .lAVA 

(III ^fctioii) 


pe'r- 




a. Male 


tended by the ants with which they are* asso 
eiated. The soldiers of certain ants ((^tlohopsia 


which tunnel out 
liemi(*s in tile 
wood of trees 
j)lay the part eif 
living freiiit- 
deieirs. Every en- 
1 ranee, to the 
nest is guardeel 
by e)ne of t.he*.s<i 
hall-porters, its 
huge head not 
only exactly fill- 
ing the aj>erturc, but closely resembling the 
adjacent bark in appearance. If this 
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door be touched by a bit of stick or a f(*atlM‘r, it 
remains shut, but is immediately opened when 
strokc'd by the antenme of a woi ker. 

Ant Guests and 
Associates. Xot (uily 
may ants of two or more 
kinds be associated together 
in the sann* dwelling, but 
a nest may also be l(*nanted 
by ])eeuliar species of beetles 
(and otlu'r insects), spiders, 
mites, or (»th(‘r en*atur('s. 

Many of tlu'se, (‘spivially 
tile bei'tles, are h*d | 478] and 
eared for l>y the ants, some 
of them for tlio sake of a 
substanei* which exudes 
from their bodic's, otht'i’s, 
perha])s, to si*rve as pets. 

The b(*et!e - grubs are 
look(‘daft“r as well as th* 
adults, }i-t least in the case 
of et'rlaui blind s])ccics. It 
is ]»rol)able, loo, that some of thes > guests 
form tlv* <lutics of scavi'iigers. 

Harboured Thieves. On the oilier 
hand, (“crtain ant-bcellcs not only sti‘a’ food 
from till* ants, but also devour their young, 
'fhere can lx* no doubt that thes** curious 
associations aii* v(‘ry ancient ones, for many 
sp(*eie.s of Ix't'th* an* found nowlH'n* (*lse. A kind 
of bristledail that lives in ants' nests is a thi<‘f 
pure and siinjile. It has 
\)Ci‘U s'‘cn to st('a! tb(‘ dro]>s 
ot hoiU'y being passed from 
the mouth of om* 'worker to 
anotlier, aft'*rwards i\‘lr<*at' 
iug at full sfx'cd for fear of 
unpleasant eonseipienees. 

i'lu* common red ant 
{M jfrmica. rahra.) slK'llers 
and feeds a (*urious kind of 
blind mite, which lives on 
the bodies of its hosts. By 
stroking its entertainers with 
its legs it make.s known its need of nutriment, and 
hueli requests are ju'ver refused. Not impossibly 
some return may be made for thesi* good otfict:s, 
)>ut, if .so, tlieir nature is .so far entirely unknown. 

One of the Indian ants {Sima rujo-nifjra) livi's 
on the bark of trees with a s)H*i ies of wasp 
{Rhiuopsifi ni/icorni’*f) and a kind of spith'i* 
(SaUicHfi)^ both of which closely n'sc'inble it in 
ajipearanee. The three associate's appi*ar to lx* 
good friends, wliile wasp and ant sonu'liines 
imgage in a friendly wrc'stle. 

Means of Communication. 'Die com- 
plex life of an ants’ nest is a striking iihstane'c of 
order among apparent disorder. Eacli of the 
innumerable individuals discharges its special 
tasks without hesitation, unle.ss unusual circum- 
stances prove a hindrance. It would seem, 
llu*reCorc, that there must be some means by 
which one ant can convey information to otliers. 
When two meet they frt'ciuently stroke one* 
.another with their f<*elers, and this tx'rhaps 
curious serves the purpose of language. 





484. IIOBBEK ANM’ 

b. Feiiuilc r. Worker f/, J’arl 
RC'ctioii) ; tlx* rohl»ers li\e in ilie 
nnrrow |)ussa;ies 
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know wliat colour is essentially — that 
it is ])n‘cisely eoin])aral)lc to pitch in 
sound, and that one pure colour dithu’s from 
another, if the complications introduced h^?^ our 
seeing apparatus be ignored, neither more nor 
less than red dilh'rs fjom the infra-red li{*at 
rays, or F from G. 

How Colour is Made. (k)lour is a mat- 
ter of wav(‘ length and (d‘ frerpu'ticy f>f vibra- 
tion. '^riie onward .sp<‘ed of all forms of light 
is the same. Jndc'cd, we have S(‘en that this 
speed is one and the saiiu' for ethereal vibra- 
tions in general, and not merely for the octave 
we call light ; but tlie factor of time enters in an 
entirely dilha-imt way into our study (»f light. 
For though red and viol(‘t light both pass onwards 
al. the saiiK' spewed, tlie vihrations const ilutii^g the 
first occur at the rat<‘ of four hundretl l>illious 
(400 millions of millions) per second, while those 
('(jnstituting (he latter an? about twice as fre- 
(pu?nt. is a due pj()])orti(m b<‘tween wavi* 

haigth ajul fre(iueney, so that a.s tlu* wave length 
becomes .shorter tlu* frequency of the vil)rations 
ijicreas(‘s. ft is wh(‘n we think in terms of 
frequency jxt second tliat we recogni.sc*. mo.st 
e()m])letely, the ))recis(? iiarallelism between 
colour and pitch. We turn now to a further 
study of colour as depeiuh'nt uj^on the n‘latioJi 
bet ween ethereal waves and material matter ; 
and also as dependent upon tin? pee alia rities of 
our retina'. The analogy with sound will lu*lp 
us no longer, but we shall be lu'lped, in soiiu* 
measure, l)y our previous study of H(i*1iant liaif. 

Why Red is Red. It was a saying 
of St. Augustine’s that light is the queen 
of colours. We may read a nu)deru nu'aniiig 
into tliis if wt* eonsid(*r the i(‘ason why a piece 
of red glass a])p('ars red. So long as no light is 
allowed to fall upon or pass through the glas.s 
it has no colour, hut is as black as everything 
else about it. Its redness, then, de[K'nds upon 
the manner in which it acts tm tlu* light which 
it receives. \Vliite light is tlu? queen of <*olour.s 
heeau.se it contains all the colours, aud a piece 
of ml glass is red because? it transmits the red 
elements in white light, but is opacpie to all the 
others. Why it should he? transparent to red, 
but opaque tt) ev’^erything else, is a further 
que.stion Avhich we can make no attempt what- 
ever to answer. If the reader will consider it 
for a moment, he will see how difficult it is, and 
how entirely it defumds upon an adequate 
knowledge of the natun? of matter itself. 

Mcanwhih*. we nmst content ourselv'es with 
the empirical unexplained fact that certain kinds 
of inattcu* have eiu-tain relations to ethereal 
waves of certain lengths. The ex])lanation of 
the redness of a red object is thus only partial, 
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but it is unquestionably true as far as it goes ; 
and it applies alike to bodies which are red by 
transmitted light and those which are red by 
rcfhjctod light. A piece of red paper is red 
b(?cause it absorbs all the constituents of the 
white light wliich falls upon it, oxcej^t the red 
\vhi<*h it reflects. 

Tlicat! assertions (?an c*asily he proved by 
experiment upon tlu? spectrum. We find that a 
}>iece of red glass reduces the spectrum of white 
light to its red elements, cutting otf the others, 
while a })icce of r(?d paper appears rtal in the 
red part of the s}x*ctrum, hut black evcrywliere 
else — because it is compelled to absorb all light 
excc])t red. 

What Makes the Sky Blue ? It is this 
priiu‘iple of selection which explains many of 
the most glorious colours of Nature. If we. ignore, 
as we may, the stars, iiehuhe and comets, and 
th(* moon ami piam'ts (hat gain (heir light from 
(he sun, th(‘n all tin? colours of the sky and sea 
and laud arc to lx* rcf(?iTcd to (he white light 
of (he sun. Why, (hen, should the sky be blue ? 
This subject was v(*ry carefully studied by 
l*r()fe,s.sor Tyndall, w'ho showed, now about forty 
y(*ars ago, that the explanation is to b(‘ found in 
(he pres<‘nce of excessively fine particles (hat 
lloat in the atmosphere and, because they are 
so tine, .scattt‘r light of very sliort wave lengtliH, 
while allowing light of longei* wave l(*ngths to 
pass through. Doubtle.ss tlu'n? is a certain 
amount of sealtering of all the rays, but the 
.short blue waves are much moie scattered than 
the others, and thus endow the sky with its blue 
c'olour. It is a somow^iat prosaic explanation 
of the spendid colour w4jich we associate with tlu; 
firmament, that it is duo merely to minute 
particles of “ dust ” in our atmosphere — the? 
total thickness of which, of course, as compared 
with celestial distances, is iiillnitesimal. 

How the Dust Paints the Sunset. 
R(*ferenc*e has already been made to the 
}K?culiar shape presented by the sun when it is 
very near the liorizon. It is now our business 
to explain the magnilicent ^colouring which 
Ave sec; at sunrise and at sunset. The light 
leaving the sun is white at all times. What, 
thc*n, is the reason of the apparent redness of 
the sim when it is near tlu^ horizon, and of the 
colouring that is produced around it ? The 
answer is that when the sun is near the horizon, 
and tlie rays arc piercing the atmosphere veiy 
of)liquely in order to reach our eyes, its light is 
affected much more by the particles in our 
atmosphere than when the sun is overhead — 
since it encounters more on its way. As must 
Ixi, the blue rays are espeiually scattered, and it 
is by the red rays especially that we see the sun 
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at such times. Every Londoner is familiar with 
the fact that the presence of an exceptional 
amoimt of dust in th(^ atmosphere on a foggy 
day similarly a.ffects the appearanct^ of the sun. 
Indeed, it may bo said that the sun is never 
white in London, hut is yellow oven at noonday. 
It has recently been noted by M. Rcjdin, the 
groat French sculptor, that Londoners are 
fortimate in the jnagnilicent effects of colour 
which their sky often yields them. 'J’his is some 
compensation, but a very inadequate one, for 
tli(i filthy and health-do.stroyiiig fashion in 
which w’e burn our coal. Lastly, it may he 
noted that whenever a large amoiuit of volcanic 
dust is thrown into the atmosfdiere cxccqition- 
ally brilliant and magnificent sunsets are 
observ(‘d. ^fhis was the taise afttu* the eruption 
of Krakatoa, tin? eruption at Martinique, and 
the recent eruption of Vesuvius. 

The Spectrum. We now turn to a sub- 
ject which is on the borderland between 
physics and psychology, and which can never 
be properly understood unless we are careful 
constantly to distinguish between the. plu*- 
nomena which have a physical or f)hjcctive 
explanation and those which have a psycho- 
logical or subjective^ f'xplanation. Let us b<‘gin, 
first of all, with the ])hysical. 

It is the physical fact that the light which we 
call white can bo decomposed into a spectrum. 
It is also, as might be expected, the fact that 
the various colours thus decomix)s(‘d can bo 
re-composed or eombiiKKl so as to form white 
light again. This can bo done by throwing the 
spectrum on to a series of mirrors, so plao(‘d 
that they all throw th(‘ light falling upon them 
on the same spot on a dark screen. The s])ot 
reflecting to the eye simultaneously this mixtun; 
of rays will appear white. Various other means 
will produce the same result, provided that., as 
in this case, not only are all tlu? necessary colours 
present, but they are present in the proportions 
in which they exist in white light. Now, if w(? 
manipulate our apparatus so as to pn^vent th<^ 
green constituent of the light from falling upon 
the screen, we shall find that the illuminated 
part of the scrotm is no longer white, but r(*tl ; 
or, if the yellow constitu<*nt of the light be inter- 
fered with, the .spot will appear blue. The 
relation between such colours as blue and 
yellow which, taken together, form white light — 
so far as our eyes are concerned — is ex- 
pressed by the word cornplemerUary. This means 
that if white light be taken as full light, blue 
fills up yellow to that fulness (Latin pZeo, I fill). 

The Absorption of Light. We must 
distinguish very carefully, how^ever, between the 
behaviour of lights of complementary colours, 
such as blue and yellow, and pigments of corre- 
sponding colours. If blue and yellow lights are 
mixed together, the result x.s white light, but, 
08 everyone knows, if blue and yellow paint are 
mixed together, the result is not white paint, but 
green paint. For the moment this may appear 
paradoxical, but it will seem so no longer if wo 
think more carefully of the difference between 
the two cases. In the case of the paints, their 
colour depends solely, as we have already seen, 
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upon the colour of the light which they are not 
able to absorb. The light which cannot be 
absorbed by blue paint, but is r(‘fl(*cled by it, 
is green, blue, and violet. Similarly, yellow 
paint reflects merely red, yellow, and green. 
This is as much as to say that when tin? two 
paints are mixed, the only colour which they 
cannot abst)rb between tliera is green, and henc(5 
that is the eoloiir of the mixture. 

A simple devict*. Avill show tlui difTiTeneo 
between mi.ving blui^ and yellow ])aints mid blia; 
and yellow lights. M^lie latter can easily he done 
by any of many methods, and tin? n'sult is the 
produetion of a ivhitc; or grey light. 

Colour Inupressions on the Eye. 
Newton began the study of this subject by 
a very .simple and effective method, “ tin* 
use of rotating <Jiscs which quit^kly supej- 
|)oso on the sann^ area, of retina different 
impressions of colour.” Newton gave precise 
directions for th(; size of the .seven sectors 
bearing the seven colours, from red to violet, 
which wa*rc to be painted on a disc of cardboard, 
so that, when the disc was rapidly rotated, it 
iippeanid to be of a uniform gr(*y, a|>proa^^hing 
more aiul mf>re to whiti'iiess in proportion to 
the .strength of the light by which it was illu- 
minated. Clerk-Maxwell had ili(3 excellent idea 
of applying Newton's (‘olour di.se so as to make 
a colour-top. This is .simply a flat top of a size 
.suitable tor holding a number of colounsl discs, 
made with a hole at the centre .so that they can 
.slip over the handle of the top. Each disc lias a 
.slit in it, .so that varic>u.s pairs of discs may he 
fitted int-o one another, simultaneously t^xposing 
various pairs of colours in any proportions tluit 
may be de.sired. Then the desired result is 
ohtaiiK'd as sof)ii ns the top is rapidly spun. As 
the top rotates inorc^ slowly, thc^ retina becomes 
unable to retain the successive impressions Jong 
enough for thi‘ir combination, and thus suc,- 
ccssive Hash(‘s of colour are s(*en. 

Deceiving the Eye. There are various w ays 
in w’hieli the retina may be deceived .so that the 
.Hensation.s of compimuentary eol«)ur.s are sub- 
jectively produci'd. Thus, after loriking at a red 
spot veiy fixedly for a f(‘w seconds, one s(*es a 
green spot of similar size wduui one turns the eye 
to a white surface. The explanation of this 
extremely interesting though familiar fact is t hat 
the retina has refused to respond to tlui red con- 
stituent of the white light w^hich is sent to it from 
a w^hite surface, and so interprets tlie white light 
as green. We may possibly discern some further 
explanation of this w^hon wo turn to colour 
vision. Complementary colour sensations may 
also bo produced subjectively by what arc calliKl 
Gorham's (Hscs^ and by various other methods. 
In all such cases the explanation is beyond the 
reach of pure physics, and must l)c sought in the 
facts of colour vision. 

In another respect, also, the retina may bo 
deceived. It interprets as simply yellow light two 
entirely distinct forms of external stimulus. 
The yellow light which, aB we have seen, is given 
out by sodium, is a pure mono-chromatic yellow, 
all consisting of vibrations of one and the same 
length. But various other colours may be so 
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artfully mixed that when their combination is 
submitted to the eye it interprets them also as 
yellow. In other words, the eye has no power 
whatever of distinguishing between a pure 
colour and a mixed colour. 

The Brain and Colour Sensations. 
The? explanation of these subjective colour sensa- 
tions, as also the discussion of the circumslances in 
which they are aroused, is of the utmost interest 
in relation to painting and the kindred arts. 
There is some evidence to show that these comple- 
mentary sensations are not due to anything that 
happens in the retina itself, but to the behaviour 
of the vision centre at the back of the brain. 
Thus, for instance, if one (‘ye be closed and a 
brilliantly-coloured object be looked at with th(‘ 
open t^ye, th(‘ com])lementary colour sensation 
may be se(ui in the closed eye, which suggests 
that, in some mysterious way, the first colour 
appears in one part of the vision centre in the 
brain, and its complt'rnentary appears in the 
remainder. Then, again, if a colour and its 
complementary are seen at one and thi‘ same 
time, each appears richer and liner than it other- 
wise would — a fact which is apparently to Ixi 
(‘xplained by the th(>ory that eacdi colour pro- 
duces the other — or, rather, a sensation of the 
other — in that jmrt of the vision centre which it 
is not itself affecting. This it is which explains the 
agreeabki effect of contrast, provided that it be 
a harmonious and not a discordant contrast. 
What we call a harmony of colours probably 
depends on the process which we have just 
described — each component of the “ chord *' of 
colours producing its comidemcnt in the part of 
the vision centre which it is not itself stimulating. 

Can Colour be Standardised ? Tluue 
are certain elements or constants or physiologic^al 
characters which are associated with every 
eolou!*, and we must try to analyse tlu^se and to 
use, in this analysis, a series of definite terms. 
In point of fact-, common language i.s novc'r 
looser than when discussing colour. Tlie language 
of art criticism is equally defective in this re- 
spect, words like tone and shade being used with 
extraordinary elasticity. It may also be noted — 
though we have no present remedy to oiler for 
it — that the notation or terminology of colours 
in general is extremely defective. Such a term 
as red, of course, includes colours of very ditfen'iit 
wave lengtiis, and our attempts to define a par- 
ticular kind of red are as often misleading as imt. 
Very many students have attempted to devise 
some kind of notation for practical use, but none 
of these have hitherto been successful. Tlius, 
when a lady wants to match a particular colour, 
sht^ cannot write to the shop and say that she 
wants a red of 358 billions (358,000,000 millions) 
per sec(md, but has to go and take a piece of 
the stuff Avith her. If we remember the analogy 
between colour and pitch, we shall see that there 
Is no inlierent reason why coloui’S should not be 
standardised just as musical instruments are 
standardised to English or French pitch. 

The Blements of Colour. The first 
character of any colour is its hue or tone. This 
depends absolutely and without qualification 
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upon tile wave length and frequency, and needs 
no further discussion. 

In the second place, there is the character 
sometimes described as purity and sometimes as 
saturation. The word tint is sometimes employed 
to describe this character, but most unfortunately 
so. The saturation or purity of a colour depends 
upon the amount of white which is contained in 
the colour. A perfectly i^urc or saturated colour, 
such as any of the pure colours of the spectrum, 
contains no white whatc'vcr ; whereas the more 
the admixture of Avhite with the colour, the less 
pure it is. Plainly there may be an infinite 
number of degrees of saturat ion from, for instance, 
an absolutely ])ure red, on the one hand, to a 
colour, on the other hand, which one would 
describe as a whiter having th(^ faintest possible 
tinge of red. 

The third charaoiiM’ of any given colour is 
indicated by such words as brightness, luminosity , 
and shade. The best word for its d(»scription, 
however, is intensity. The intensity of a (colour, 
in any given ease, may be determined by two 
factors. In thc! ease of a given eycj at a giv(*n 
tirn(‘, it depends upon only one factor — namely, 
th<? extent or amj)litudo of the ethereal vibra- 
tions. ft may r/ingr', of course*, from the most 
brilliant and luminous to the darkest and most 
sombre s}iad(‘s. 

A Red Rag to a Bull. Our use of the 

word amplitude will at onc^c have shown the 
reader that- int(‘nsity or brjglitnews in tln^ ease of 
colour is absolutely parallel in every respeet 
to loudness in the case of sound. But it must 
also be remembered — and thi.*; is true of sound as 
well — that there is a subjective or physiological 
factor which chqermines brightness or intensity, 
for one and thi^ same colour may appear intol(‘r- 
ably bright to one eye, w^iile it is almost sombre 
to another. As an instance*, we may take thc 
colour red, often known as the dynnmogenous 
colour — that is, the colour which produees force. 
We must beli(;vc that a red which has no marked 
effect upon ourselves has a far more intense 
influence upon the retina of a bull, wddeh it may 
arouses to behaviour justifying the name of 
dymamogeiions. In certain morbid states of the 
brain, and in certain criminals and in lunatics, a 
red colour may act similarly. 

Perhaps the oldest and simplest theory of 
colour vision a as tliat the visual cells of the 
r(*tina — the rtxls and cones — are thrown into 
vibration in unison with the ethereal vibra- 
tions that excite them. This theory has to be 
dismissed if only because such rapidity of move- 
ment of ponderable inattcT, as distingui.shed 
from ether, is quito inconceivable. The light 
energy cannot merely be transferred to the 
visual cells ; it must be transformed. We have 
already noted certain consequences of this trans- 
formation — electrical consequences, changes in 
the pigment cells, and so on. 

The Theory of Colour Vision. The 
most widely accepted theory of colour vision, or 
colour perception, as it is somewhat undesirably 
called, goes by the names of Young and Helm- 
holtz. The theory appropriately comes from 
these two great men, since they were both 
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originally doctors, who, having received a physio- blindness,” and studied hivS own condition in the 

logical training, then turned their attention to year 1794, by the aid of the spoi'truiu. Ht'rice 

physics. It was propounded by Young in 1807, the disease is often known as Daltonism. 

being thus scarcely less than a century old, and Wo may briefly note some forms of colour- 
was revised and elaborated by Helmholtz in blindness. In complete ( olour-blindm'ss, “ the 

1852. This theory begins by taking into account spectrum appears in shades of git‘y throughout, 

the known fact that we are not capable of receiving being ligh t(*st in the position'of the yt'l low green, 

simple colour sensations corresponding to every and darkest at each end. A eoloured jiictun; 

colour in the spectrum, but that if three primary app<*ars like a photograph or an (*iigraving. 

colours are allowed us, their combinations will According to the Voung-lfelmholtz theory, such 

yield us impressions equivalent to all colours. eases are ex[)licahle on the assumption that all 

"The assumption, then, is that our vision is tri- the thret^ })hot()-ehemieal substances are alike,” 

chromic — that is to say, that it is based upon as i.s intleed believed to be normally the case in 

three primary colour sensations. The Young- the fiiit lying portions of the retina, which can 

Helmholtz theory assumes, then, that the retina readily bo ])roved to bo incapable of ))(*reeiving 

must contain three kinds of photo-cliemical colour. Tn other cases the whole spectrum may 

substances — that is, substances whieli can he nppt'ar in shades of one colour, suggesting that 

chemically influeiieed by light. These three only one photo-chemical substance is [)resent. 

substances are respectively sensitive to the Partial Colour-blindness. But the 
three “primary” colours — refh (jreen, and blue common condition met is partial colour-hlind- 

oe violet. (Thus “primary” here has only a lU'.ss, which may be either green-blindness, 

physiological meaning — not a physical.) hhu'-hlinducss, or red- blindncs.s. Of these th<» 

How Colour StriKes the Mind. These most im|>ortant are the first and last. In grt‘(‘n- 

tlirce substances arc supposed to be connected blindness the s])cetrum is not shorteiK'd, l)ut 

with three corresponding sets of nerve fibres, contains no gnuai. Furthermore, it is 

and these fibres convey to the brain impulses — that is, consists of only two colours, with or 

in various proportions according to the wave without a neutral area of gny. Tlio two colours 

length of the light with which the retina is ooin))Osing the sp(‘,ctrum are a redrlish-yellow 

stimulated. The following is the statement of a?i<l blu(\ Siudi patients confuse bright green 

Helmholtz as to what- actually happens under with dark rod, anti cannot see at all a dark 

stimulation by various colours, according to tlie green Ictttu’ on a black ground, 

triehromie. theory of vision : In red-blindness^ or Daltonism })roper, tht^ 

“1. Bed excites strongly the fibres sensitive spectrum is shortened, since the red end is absent, 

to red, and feebly the other two —sensation. Red. and it consists mcn*ly of two colours-— yellow 

“2. Yellow excites moderately the fibres seimi- and blue. ►Such patients cannot distinguish 

tivc to red aiid grt'cn, feebly the violet — sensation, between dark green and light red, nor can they 

Yellow. a dark red l(‘tter on a black ground. 

“ ;i. Green excites strongly the green, f(‘ebly Here we can mendy allude to cases of ineom- 
the otlier two— sensation. Green. pletc eolour-blindness, the range of which may 

“ 4. Blue excites moderately the fibres sensitive be indefinitely exUnded. It is unquestionable 

togreenaiul violet, and feebly the red — sensation, that the eye of the painter s(*es very dilTerently 

from tJif‘ eye of the average person who, rela- 
“ 5. Violet excites strongly the fibres sensitive tively to the 2 )ainter, certainly sufl’ers from ineom- 
to violet, and feebly the other two— sen.sation, plete eolour-blindness. Wlieii a lady complained 

to Turner that she could not- see all those 
“fl. When the excitation is nearly equal for the colours in the sunset, he rt‘phcd, “ Ah ! madam, 
three kinds of fibres, then the sensation is Whitt',” don’t you wish you could 'i ” . j 

The arguments for and against this theory The Consequences of Colour-blind* 
might be dist'ussed at afty length. Its most ness. Colour-blindness is mainly a disease 
celebrated modification is known as Hti itnfs of the male sex. In all nations, about per 
theory, and is about a quarter of a century old. cent, of the men are eolour-blind. >«tow, red. 
It is really a modification of Young ’s tlieory. grt'eii, and whito are univemally adopted as 
Both of these theories, and also all other signals to indicate danger and safety, anef 
theories that have been put forward, find these are just the colours which the eolour- 
their most important illustrations and tests in blind men mistake. On the other hand, 
the extremely interesting and important fact other colours (*annot he suKstituied for them, 
known as colour-blindness. since they do not transmit nearly so much of 

Colour-blindness. It is not our busi- the light beliind them. Thus, it is necessary 
ness here to discuss colour-blindness as a disease, to exclucic colour-blind men from suen work as 
nor its extraordinary transmission from grand- that of signalmen ; and this is done by causing 
father to grandson by means of an intervening them to match coloured worsteds In order to 
daughter and mother who does not herself suffer. study the colour sense most perfectly, one should 
We have to discuss the disease in relation to its emjfloy the pure spectral colours, and T^rdRay- 
phvsics and as regards its practical consequences. leigh, among others, has constructed instruments 
It was first named by Sir David Brewster. The for this purpose. The worsted test universally 
most famous case on record is that of the goes by the name of Holmgren, of Upsala, who 
illustrious chemist John Dalton, who had “ red- was the first to employ it in a systematic way. 

Ctmtinued 
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JEWELLERS 

The business of a jewell(*r stands upon a 
diff(*rent plane to most other shopkeeping depart- 
ments. It possesses many technicalities, and 
dcmiands the possession of a good practical 
knowledge of its rudiments and a theoretical 
knowledge of its many d<?tails. For instance, 
the successful jeweller must be familiar Yvith the 
different qualities of gold peculiar to Britain, 
America, and the Continent, with rolk^d gold, and 
gold cased, also with tlie various pr<‘eious stones, 
their degress of colour, the various forms of 
cutting them, etc. We shall assume that our 
reader has the above knowledge, and a sum of 
£5(M), an amount by no means exe<‘ssive. A 
smaller capital will curtail the ability to maki^ 
an efficient display, except by getting into the 
hands of the wholesalers, wbieli tlu^ beginner 
should avoid. If one were certain of doing a 
fair rc'turn from tlie oommenc(*ment, it would 
be otherwise ; but jewellery being one of the 
first trades to suffer in times of depression, 
reserve capital is essential. 

Location. The first thing we have to con- 
sider is the site. The degree of ambition has 
an influence in determining that factor. A start 
may lie made in city, town, or count ry, and the 
choice made from these thref3 determine thc3 rent 
and taxes to bo paid, also the nature of the fit- 
tings, and the class and quality of stock required. 

The city and town life are more strenuou.s than 
the country, the risks greater, but the success 
is also greater if attained. Nothing is gained 
without a certain amount of risk. But the 
timid, those wlio would be worried mentally 
over the thought of risks, are better to decide 
upon the easier and less trxpenhive district. In 
any ease, one must try and get a position or 
shop as close as possible to the centre or 
shopkeeping thorouglifare.s where the busine.ss 
is done, for few of the public go out of their way 
to purchase jewellery. The beginner in the city 
should not pay more than about £100 per 
annum rent, with the capital we mention, for 
rates and taxes will at the least be equal to one 
third additional. Six months’ rent and taxes 
ought to be held in reserve, which, on the 
above basis, is approximately £65. 

Fittings. One must study the district and 
sec the class of goods that are more or less in 
demand, thereby forming an idea as to the 
necessary elaborations in fitting up the shop. 
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Try and work out a design of your own, even if 
it should be rough in its nature ; strive to get into 
it a distinctive feature ; too much of the present 
mode of working and constructing is stereotyped. 
It is distinctiveness, be it ever so slightly varied 
from the common run, tliat attroi^ts the eye of 
the public. In your plan, lay stre.ss upon the 
design of your window. Plan it so that you 
are able to get the maximum of articles into it 
without crowding, otherwise you lose the dis- 
tinctive nature and characteristies of your goods. 
The interior of your shoj), also, must be nicely 
fitted and arranged. Eschew the old style of 
ebony colour and gold lines, which have served 
their day. Although effective in some instances, 
for the average shop the stylo is too dark and 
heavy, and shows marks too plainly. Find out 
if there is in the district a jewellers’ shop litter, 
one who understands the making of airtight 
eases. Lay your idea before him regarding the 
window especially, and out of his experience he 
will be able to assist you. First of all, consider 
the sum you ought to allot for that purpose. 
Here we would add that somewhere about £100, 
at the outside, should be earmarked. Lot the 
fittings be as good as possible. Better modify 
somewhat the interior fittings than the window 
arrangement. 

Stock. While the shop is being fitted up, 
you should be looking up the stock nece.ssary. 
Look round your district, and find out the nature 
of goods in. demand, more for the style of design 
and quality than anything else. We shall 
presume here that our beginner has had some 
experience among the manufacturers and whole- 
sale houses, and therefore possesses the know- 
ledge of the markets for his respective articles. 
If he be knowij personally, he will most likely be 
able to purchase on usual terms from the start ; if 
not, he will require to give some references from 
jieople of standing, and probably to pay cash up 
to half the value of the goods selected. Of 
course, he can do without references if ho proves 
that he is in the trade, tells where he is starting, 
and pays cash for the lot. Once the wholesalers 
and makers get your confidence and find that you 
are upright, know the business, and are detormincsl 
to make a success of your venture, you will then 
got their usual terms. The terms of the various 
houses vary a little, but the majority work on a 
5 per cent, discount for 30 days, per cent, for 
60 days, 90 days not. A few give only 2J per 





coni, discount for 30 days, and after that net. 
One thing to be careful about is overbuying 
before you arc sure of your district. Select 
articles that you believe to be in demand. Tn 
other words, simply form a n\iclous upon which 
you can work. Tt is easiiT t(^ get new stock 
in than to get rid of old and unsaleable goods. 
A nice selection, arrang(‘<l so ns to make your 
shop appear full, is all that you retpiire to begin 
with. Let that nucleus be eoniptwed priiieipally 
of the genuine material — gold and silver, etc. ; 
tlu'n you have at least making-up price in the 
market value of the matiiiial, whereas rolled 
gold and imitation jewelhay, oiu'e soiled, is 
difficult to renew or niakt? fresh. Stock to the 
value of aV)Out .t200 should bi* ample to begin 
with. That sliould include principally the every- 
day articles, such as rings, broocihes, charms,, 
ueeklots, lockets, pendants, with an assortment 
of gold. silv(T, and metal watehe.s ; muff chains 
are not in grcNit demand at jirestmt. Of gents’ 
gold alberts, stock a few <mly, as they are cut 
so much that they are practically not worth 
handling, but they cannot lie (‘ntin'ly neglected. 

Where to Buy- To those in th(' trade it 
is pretty well known that Hatton Oardeii and 
CharUThouse Street are tin* districts in London 
where the \vholesale jow'dlcM's congn'gate. In 
Clerkenwell Hoad and the surrounding district 
there are several very good houses, where you 
(;an get everything and anything of good(piality 
and at reasonable pric<‘s. For the country in 
gem^ral outsider of London, Birmingham is tin? 
homo of the jewellery manufacturing trade, and 
there all qualities of jewellery may be obtained 
— good, bad, and indifferent ; even London 
cannot do without Birmingham. The namc*s of 
many good houses will bo found in the retailers’ 
monthly, the “Watchmaker, Jeweller, and 
Silversmith,” published at 150, Holborn, Lon- 
don, K.C. However, the individual firm need 
not trouble the beginner, for ho wull not be long 
op(‘Ti before he is found out b>' the army of trav- 
ellers looking out for fresh bii'^iness. Hero we 
warn our novice not to believe all that is told 
him by the knights of the road. The retailer 
must set his mind firmly against being iiiHuenced 
to take what ho is not certain will sell. One 
cannot avoid a little dead stock, but to keep it 
as little as possible constitutes the art of 
buying. 

Stockkeeping. Having attained the 
necessary stock, the next duty is to take a 
record of it in what is called a f^tock hfxik, 
noting the description of eaeli article, the 
number attached to it, and its cost. See that 
tlu^ stock is kept clean, as w'ell as the window 
and shop. Nothing deteriorates in apjiearance 
as the result of finger marks more than gold 
and silver surfaces when finished, and nothing 
looks more shabby. The salt that is in the 
perspiration has a chemical action, and if not 
wiped off at once it is almost imt)osBihl 0 to get 
it off afterwards, as the surface is eaten into. 
Therefore, the few* minutes spent with the 
chamois leather is both time and money saved. 

Wo advise that very little rolled gold or gold- 
cased articles be stockctl. There are, of course. 
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etM’lain districts wlicre the bulk of tlu> trade is 
done in that class of goods, but hero ■we are dealing 
with jewellers as jc-twi'lltus, not as faney goods 
shops. Later on, the jeweller can judge if there 
is much demand for such goods in his district, 
and, if so, it is quite easy to procure stock. 
Bettor to work on the above ])rincit)l(^ than 
load oiiesc*If at the beginning with tloublful 
articliw. Tn i-eferenco to profits in gen«*ral, it is 
not wise to run under 3,3 J per cent., and get 
.5(3 per cent, if possible. One must bear in 
mind the nature of tlie trade. JeAvellery is not 
.a necessity of life w here you are sure of a C(Ttain 
turnover day by day, and, as we have stated, 
it is the first trade that is subjeet to suffer from 
general or local depression. JSleaii while, the 
i‘xponses are running on and have to be met., 
for the landlord and the tax-gatherer do not take 
the ups and downs of your business into con- 
sideration. 

Repairing. There is one source of revenue 
to be made w^iich is a groat help in a small husi- 
n(‘ss — nam(‘ly, tlu^ repairing department. Nearly 
all jewellers take in watch and jew^^lleiy 
repairs. If you an^ a w^atehmaker you can fill 
up your spare tinie at that branch, and if you 
have not enough work to employ a practical 
jcAvtdler. you can ahvays get such work don«^ 
at a trade shof) ; in every tviw'U there are some, 
but one can find o\it only by experience the best 
and most retasonabhs Avoid cutting a man 
down too much, for you will only get value 
a- : ordingly. Although th(? finished articles may 
look all right, in a very short time it will re- 
veal its nature, and then you will have trouble 
with your euHtomer, or lose him altogether. 
Most people .are open to rt‘ason, and a litthi 
explanation before taking in hand a piece of 
work to be repaired or cleaned properly at a fair 
price, is understoed. Tf eustomers attempt to 
b^at you down, as some will, it is pnJerablo 
to refuse to do the work rather than taki^ it in 
and do it unsatisfactorily. Again, howevi.r, 
with a regular customer one has to come and go 
a. little. There are many articles that will take 
up a man’s tim(‘ so long that the public eye 
cannot see where tlie value comes in ; and it is 
then difheult to convince as to the nsisonablc- 
nos of th(5 charge. But one’s judgnu'nt and 
tact must bo brought into play, and, as a rule, 
matters Avill right tlieinselv(^s. 

We have not toucln d on silver plate be- 
cause the sum on which w^e have been con- 
sidering cannot, wxdl include this department.. 
That can come later on if the busino.ss warrants 
it, and the subject is treated in another article 
in this coin’se. ITut a few fancy ornaments, 
etc., wuth an assortment of clocks should he 
added, those being necessary to every liousehold. 

General Policy. It will be observed that 
we have absorbed £365 out of the £5f)0, leaving 
£135 in hand. It is not to be expected that the 
beginner will j)ay his way from the day of 
opening. Jewellery is a business aV)out which 
the public as a whole know little, and it takes 
time to gain confidence. But confidence once 
inspired, every effort should be made to retain 
it. At the opening there are incidental expenses 
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tliat are not thought of at the moment, but 
whieh cannot bo avoided, therefore the odd 
£35 t;an be looked upon aH pretty well af)t5orbed. 
So, with the £100 in hand, with can; in manage- 
ment, and by sticking closely to busincBs till 
it is established, one should be able to develoj> 
and command the wholesale market pretty well 
through being able to meet the accounts as 
they become due, thereby also saving the 
discount. It is tht^se small items that help one 
in this world of competition. 

One item to be remembered is the gold and 
silver licence issued by the Government in two 
forms. Tlie retailor may sell articles up to 
two ounces of gold and 3(1 ounces of silver on the 
licence at £2 (is. per annum, and for all abov<^ 
that weight the sum is £5 15s. it is advisable 
to become a member of the National Associa- 
tion of Goldsmiths, which tissists and protects 
retailers who are members. 

LICENSED VICTUALLERS 

The tradt^ of the licensed victualler is not 
usually regarded as a branch of shopkeeping. 
.Although there is no fundamental rcjison for 
this, the view is to some extent justified by the 
great difT<'rences which exist betwi^en the condi- 
tions of selling excisable liquors and those of all 
other branches of retailing. No other trade is 
so encompassed and hedged about with laws, 
so subj<‘ct to legal regulation in all its details, 
or so great an object of the att(‘ntions of social 
reformers and zealots. Erom the time of 
Edward VI., when the first licensing Act was 
passed ( 1 532), at least fifty principal Acts affect ing 
“ the trade ” have become law, of which foiir- 
fifths have come into being in the last 170 years. 

WorKing«up. There are very few pro- 
prietors of licensed houses who started life 
in “ the trade,” chiefly for the reason that the 
conditions of employment in beer ami spirit 
selling have little or no attraction for smart 
businesslike young men, and do not fostt.T those 
habits of industry and energy which go far to 
make the successful pr()})rictor. Find her, bar- 
men, and even managers, have no great oppor- 
tunity or incentive to save money. Another 
reason is that it is not a trad * which retjuires the 
experiene.e of a lifetime, for it is so bound and 
fettered by laws and by the system of “ t icing ” 
houses that there is little room for development 
by enterprise. Nevertheh^ss, men have worked 
their way up. The lowest grade of employee 
in the trade is the potman. Formerly his office 
and pride was the keeping and polisliing of the 
pewter pots. Now, however, he lias degenerated 
into a general handy-man, his duties ranging 
from sweeping out the bar to “ chucking ” out 
its obstr(q)crous occupants. Tiie wages vary 
from lOs. to Iffs. per week living in, or 20s. to 
27s. out. On Saturday nights or other busy 
times he m.ay l)o called upon to help behind 
the bar, and thus get a footing therein and obt ain 
an under barman’s place. FVom under barman 
at 12s. to 17s. per week to head barman at 18s. 
to 26s. is a matter of personal progress. 

A Managership. The ambitious man 
will combine the duties of cellarman with those 
of bar supervision and serving. He may not get 
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extra pay for doing so, but he will accumulate 
valuable experienee which will enable him to 
take advantage of a managership opportunity 
later on. I’he cellarman is responsible for fining 
the ale, for tlie condition of the beers, keeping 
the s])irit vats and the earthenware supply 
casks for the bar stocked, and for keeping the 
bar supplied with the bottled goods as well as 
for the absolute cleanliness of the cellar and it-s 
utensils. 15y watching advertisements in the 
trade newspaper- -the “Morning Advertiser” — 
or the trafle journals, or by tlie help of convenient 
friends, he will achieve his next step — to mjinage 
a house eitluii* as working manager under tlie 
proprietor or as manager in sole charge. The 
characU^r of the post naturally depends upon his 
experience. JTc should be married. With his 
wife to take charge of the housekeeping side 
(providing fo>d for tht^ bar and the staff and 
managing the? household affairs) and to serve 
in the bar on occasion, he may obtain from 
£2 to £4 a week with board and lodging and will 
draw about 10s. a week <^xtra per head for the 
board of the staff. Jf unmarried tlie man.ager 
is generally expected to provide a female 
assistant to undertake tliese duties. 

“Tied” and “Free” Houses. Next 
must considered the man with a limited 
capital wliich he desires to invest In a public 
house. He may be our man»iger who has saved 
a few hundred pounds. Public liouses are 
divided into two definite classes — houses which 
arc “ free ” and houses wliich are “ tied,” the 
latter far outnumbering the former. In 1893 
only 12 8 per cent, of London houses wore 
entin^ly free, and since then the number has 
been griMitly reduced by brewers’ purchases. 
In the })rovinces they are still few«ir. Prices 
almost fabulous have beim paid for free houses 
in the past. Their value lies in the fact that 
they are not burdened with loans, whereas the 
man who runs the “ tied ” house is either in- 
debted to a brewer for part of his capital (lent 
on mortgage) or may be only the brewer's 
tenant. In both cases ho must buy his beer 
from this one brewer at higher rates or smaller 
discounts than the “ free ” man, and if he has 
also received an advance from a distiller he is 
also bound in the purchase of spirits. Free 
houses arc now so few in number and their 
Xirices so high that they do not come within 
the range of this article. Tlu^y are objects of 
ambition for the man of considerable capital. 

Capital. A man with a small capital may 
either st art as a brewer’s tenant or as landlord of 
a small tied house. The novice may be attracted 
by advertisements offering tenancies which can be 
entered upon with a very small inclusive capital, 
say, £150 to £2(X). But it is necessary to lay 
stress on the fact that it is practically useless to 
lay out money in taking over a house doing the 
very small trade which only can be expected 
for such a sum. A living trade is hardly 
possible where the takings of the house are 
less than £100 per month. For capitals of 
from £300 to £500 a man may reckon upon being 
able to obtain modest tenancies of houses turn- 
ing over, according to locality (town, suburban, 
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or country) and class of trade, from £10() to 
£2/50 per month. The.««c capitals will bo made 
up as follows : Deposit with brewers, £75 to 
£125 ; loose effects, £100 to £150; stock, £50 to 
£100 ; cash in hand, £40 to £75 ; legal and 
brok(Ts\ etc., charges and proport ion of liccm^e 
duty, compensation fund payment, rent, rates 
and taxes, £35 to £50. This may Sf)mclinies be 
reduced a little by arranging with the brewers 
and distillers to take over part of the stock, 
which is bought back as trade ref|uires. The 
low^er capitals will apply to the province's where 
houses are more comjilctely ik'd than in 
London and other large centres. 

Similar houses on lease from brew ers instead of 
on a tenancy agreement will need c^ai)itals of 
from £1,500 uyjwards. They po.sscss the advan- 
tage that they can bo sold by the landlord, at 
a profit perhaps, making speculation |)ossibki ; 
and also that, in the event of extinction, the 
lesset' gets a considerably larg<'r proportion of 
the compensation than "the tenant. But the 
responsibilities and amount of possible loss are 
much greater, of course. 

A beerhouse, licen.s(?d only for tlio sale of beer, 
would probably nce<l a capital of only about 
£150 for a trade of £100 per month. Tlu' \icenc<5 
duly and working expenses are somewhat k'ss 
than in the cas^^ of tlu? fully-licensed house, but 
the trade is on a l()w<*r grade and the profits and 
possi bi 1 i t ies smalUu’. 

Choosing a House. A good training 
for a landlord of small capital, new' to his 
responsibilities, is afforded by a tenancy - 
under brewers of standing, of course — in a 
semi-working-class lU'iglibourhood, where most 
of the houses are classed as “ small property,” 
and where there arc plenty of peoj^le walking 
about. The trade is more easily worked than 
any otlu'r town trade. Beer is the artujk* most ly 
sold, for the English working man drinks little 
or no spirits. The day trade in the jug dc'part- 
ment will also be good. This class of house has 
an advantage over a larger establishment, in 
that it depends mainly upon regular customers, 
who, if wadi served, will not be drawn by the 
larger house w'ith many lights, which depemls 
more and more upon passing custom as its size 
increases. Brewers’ rents for tJicse houses arc 
very variable, and are usually more than tlx? 
ordinary rental value of the property. They 
may be anything from £50 to £100. 

The man with little capital may also do w'<*U 
w'ith tlio tenancy of a small coiintiy inn. The 
prices obtained will bo lower, and the profits 
smaller than in town, but the rent will probably 
bo nominal (£20 to £40), and there will be Ukj 
advantages of grounds, fruit gardens, poultry 
keeping, and stabling, all of whiclx will contri- 
bute to the income. Grounds and outbuildings 
will enable him to cater for motorists and 
cyclists ; fruit, vegetables, and poultry will 
supply visitors’ meals. In a small country town 
the tenant may let the stabling, if he does not 
wish to work it himself (which entails the 
expense of an extra man), at from £10 to £15 
per annum, to a local jobmaster, who will work 
it in association with him. 


New' houses are very ran; in the trade. The 
caijilal required, and the risks of losing it, arc; 
considerable. Justices will grant new licences 
only for entirely new districts, and even then 
are generally very n'luctant to do so. The 
licence is granted before building, if the justices 
approve the plans and other details, but the. 
lic»‘nce has to bo confirmed when the hous«' is 
ready to be opened, which means that tlu* b.ittle 
has to be fought over again Avithtlie possibility 
of eonlirmation being refused. Jf continued, it 
is granted for a period of st'ven years, and at 
the en<l of this period has to bc ri'iu'wed as a 
new Jk*(‘nce, with no right to compensati<m if 
ext inguished. To o})cn a iu'av house of tlit; typo 
above indicated would require a capital of from 
£3,000 to £5,000, according to the location — 
country or town. 

The Broker. Tri the actual clioice, the 
services of a trade broker are indispensable, 
partly bwcausc tlie market is entirely in the 
brokers' hands, and also liecause tlu; many legal 
formalitii's irx'ident to entiy to the trade; an; 
likely to entrap the novme. If reasorialile care 
Ik‘ oxen; iscd in tlu; choice, of a man, those who 
off<;r K1 Dorados for trifling sums 1^‘ing shunnt'd, 
there will he little cause to regret the small ]>(;r- 
eentage on flu' amount of the transaction 
absorhefl by the broker, ffaving obtained from 
the broker particulars of houses likely to suit 
his desires and ea])ital, whether in town or 
country, the prospective landlord should per- 
sonally visit tlie house offered, and decide the 
choice for himsc'lf. Ho must investigate the 
duration of tlie k'ase, the total loan liurdens 
on tlie house, and the reputation which the house 
has with the local authorities, inquiry being 
madi; of tlie clerk to th(? licensing magistrates, 
in order to asci'rtain wlu'ther the Register of 
Licences (which is open to inspection) contains 
any n*eord of transgression by a former hokk;r 
of flic licence. These mattiTs are most inqior- 
tant, and IIktc is much room for the novice to 
buy dear <*xpcrk'rice. They should all, therefore, 
be rigorously investigated by his broker, and 
only when he is satisfied should further stejis 
be taken. 

Profits. J n taking over any business, 
that wdiich ultimately decides the question of 
purchase is the quality and quantity of trade 
done, and in this trade, it is ])araniount. A 
tenant Avho is tied only for his beer, should make 
not less than from 33 per cent, to 37 or 38 jier 
cent, total gro-’s profit on his takings, and from 
30 to 35 per cent, if he be tied for spirits as 
well as beer. These figures do not pretend to 
finality, but indicate what the prospective 
purchaser may reasonably require'" for the class 
of trade outlined. If, for any reason, the figures 
supplied by the vendor are suspected, ike 
receipts for the amounts paid tx) the brewer 
and distiller will give definite information as to 
the quantity and quality of the business done 
by the house, and the purchaser may reason- 
ably require their production. 

Lroans and the Purchase. Although 
starting in business in the licensed trade on 
loons raised by mortgage to brewers and 
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(listillei'R is a feature of the trade, it is highly 
undesirable, as elsewhere, to saddle oneself with 
tlui burden of loans from brewers or from 
])i’iv^ato sources. The man whose house is 
heavily mortgaged, and wlio is accordingly 
stringently “ tied,” is fettered in all ways, and 
proper development be(!()mes difficult if not 
impos.sib]e. ('(Ttainly, the man who take.s the 
modest tiuiancy here rcifcrred to should not 
ne(^d to boirow. 

A housci may be bought “ all at ” or by 
valuation. The first term means an inclusive 
])rieo for the lease (if any), the fixtures, and all 
utensils appertaining to the business, but ex- 
cluding the stock, which must he valued. The 
inventory of tlu* trade acee.ssories and fixtures 
should be sliown to the representative of the 
brewer to whom the house belongs, to ensure 
that none of the articles catalogued belong to 
him, wliich, of course, the vendor cannot sell. 
Buying a house by vahiation simply means that 
the price is based U])on inventories made by tlie 
representatives of the seller and the buyer of 
everytliing, including the .stock. When the 
tenant or purchaser formally takes over the 
business, th<; eer(*inony called the “ change ” 
takes place, wluui the valuations are cheeked 
and th(^ purchase money is handed over — always 
in casli, never by cheque. 

The Lregal Transfer. Tlie transfer 
of a licence is attended with many legal com- 
plexities. Before the “ change ” is accomplished 
the incomer’s broker secures for him a “ pro- 
tection order,” to enable him to sell excisable 
liquors until the next meeting of the Sp<‘cial 
Licensing Sessions, of whi(;h from four to eight 
are held during the year. Full details of the 
formalities will be supplied by the broker, or 
will l)e found in sucli a book as Mr. W. Makins’ 
excellent “ Licensed Victuallers’ Handbook,” 
wherein will also be found much legal and 
practical information relating to “ tlie trade.” 

The Licence and its Renewal. 
In reality, the licensed victualler ha.s two 
licences — the Justices and the Kxcise. But as 
the issue of the latter is entirely dependent on 
the granting of the former, it is usual to regard 
them together as “ the licence.” 

Publicans’ or victuallers’ annual licences in 
the United Kingdom for spirits, beer and 
wine to be consumed on or off the jueraises are 
of three kinds: (1) the full licence, for the sale 
of excisable liquors during all tlio hours not 
specified by the Act of 1874 ; (2) the six-day, 
or early-closing licence, in accepting which the 
licensee agrees to remain closed during Sunday, 
or to close an hour or more earlier than the 
time stipulated by law ; and (3) a licence which 
combines the features of which are alternative 
in 2. The duty on the second and third licences 
is respectively one-seventh and two-sevenths 
less than that on the firat. The choice of the 
licence will be determined by local conditions. 

The duty is based on the rateable value of the 
premises, and varies, for the full licence, from 
£4 10s. for premises rated under £10 to £60 for 
promises at or above £700. For houses whose 
rateable values are between £50 and £100 the 
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duty is £25. The assessment is ba^sed on the 
rent payable. 

It has been held that holders of existing 
licences have a prinid facie right to renewal, 
and the ])ower of refusal, on other than certain 
well defined grounds connected with the fitness 
of the holder or his premises, is vested in 
Quarter Sessions, on reference from the justices 
and on payment of compensation from the 
trade fund instituted by the 1904 Act. The 
Jicemsed victualler has, therefore, now more 
pros])cct of continuity in his business than 
formerly ; but if he be only a brewer’s tenant 
his share of compensation i.s rarely, if ever, 
sufficient to cover bis losses on the extinction 
of the licence. 

Preserving the Licence. Keeping 
the licence when it is obtained is not an easy 
matter. It may he dirc‘etly forfeited upon 
conviction for seven particular offences, includ- 
ing felony, kiseping a disorderly house, selling 
spirits without a spirit licence, and making inter- 
communication between licensed and unlicenscil 
promises. Further, convic^tions for .serving 
drunken persons or childitm under 14 in open 
vessels, allowing the premi.scs to he used for 
betting, gambling, or allowing customers to be 
on the premises, or billiards to Ix^ played, aftei* 
jiroUibiUxl hours, are entered upon the Register 
of Licences, and regard is had to them by the 
justices wh(*n a renewal or transfer is wanted. 

The staff must keep very wide awake to 
prevent betting slips being passed, though it is 
very difficult to detect this. If the loser of a bet 
pays it by paying for drinks it is an offence 
under the (laming Act. The laws affecting 
the public -house and the preservation of itii 
licentJC are many, and the licensee must he 
thoroughly acquainted with them. Tlie trade 
year-books, or Mr. Makins’ “Handbook,” give 
full information on all these matters. 

Fittings. Under the 1902 Act all altera- 
tions or additions of a structural nature have 
to be approved by the justices, and there 
is no appeal from their decision. Plans should 
be submitted before such alterations are carried 
out, or the justices may order the premises to 
be reinstated in their former condition. Struc- 
tural altoratioiis include shifting a counter <.»r 
a screen, but not the renewal or addition of 
lH*or engines. I’hc result of the restrictions is 
that alterations are expensive, and rarely carried 
out. When they are, it is a matter for local 
architects and builders, for there arc practically 
no firms of public-house fitters. In the case of 
the tenant such expense, where necessary, falls 
upon the brewer. A semicircular bar is the 
most convenient shape wliere possible, for it 
is more easily supervised, and can be worked 
^vith a smaller staff than the bar of square or 
three-quarter circle form. 

For the bar-floor mosaic is best, but is ex- 
pensive. A good inlaid linoleum is also hygienic. 
Sawdust absorbs moisture, but a non-absorl^nt 
floor is cleaner. 

All fittings and utensils will be included in 
tlie transfer, and it will not be necessaiy, there- 
fore, to deal with them here in detail ; when 



renewal is necessary the catalogues of goorl 
firms of bar-fitters will show what can bo clone. 
It may bo noted that liberal lighting with 
incandescent gas-lamps is a feature of the 
publican’s show. Electric light is more costly. 

Country Trade. The country publican 
will trade as an innkeeper, which entails the 
compulsory reception of guests. The trade? is 
included in the full victualler’s licence. In 
the case of the small house there will lx* 
little profit d<?rived unless visitors are more 
or less regular. Supplying meals to cyclists, 
motorists, and other road travellers may 
mode very profittabh* if it can l.)e done in 
quantity. Small trad<; means much waste. On 
ordinary catering a gross profit of at least, 
i)0 jx?r cent, should be made. As much as 
7o |x?r cent, gross profit may be made on 
b‘as if they be purv(‘ycd in Jarg(? numbers. 
The profit on luncheons is mon^ precarious, but 
country produce will help. Outbuildings for 
st,orage arc almost essential to the man who caters 
for cyclists and motorists. In them ])ctrol and 
calcium carbide can be stoned and supplied at 
profitable rates. Licence's, costing fis., must be 
obtained from tin; local aiitlioritics in each ease. 
Cyclists and motorists are always apj)r(‘ciative 
of good service and cat(Ting, and a permanent 
connection may be built up. If the landlord can 
persuade a cyclists’ club to make bis house its 
country headquarters it will f)ay him. The sann' 
remark applies in greater force to Masonic and 
other lodges. 

The Cellar. It is probably not too much 
to say that profits are mjule or lost in the cellar, 
and the importance of method can hardly be over- 
estimated. In a small busine.ss it w'ill usually pay 
the publican to he his owm cellarer so far as its 
management and arrangement are (‘oncernt'd. 
In any case he should “ l»rcak down ” spirits him- 
self, and possibly also “ tine ” the ales. “ Ilreak- 
iiig down ” is a mathematical operation which 
should be conducted strictly with the aid of the 
hydrometer and sliding rule, and according to 
published tables for spirit strength reduction. 
“ Fining ” is the clarification of ales by the 
addition of Isinglass or other “ fining.s.'’ 

Drinks must be appetising. Wine and beer 
must be clear and aerated water sparkling. 
Aerated w'aters are, happily, becoming more and 
more important in their relation to the jjios- 
perity of the licensee^ victualler. To ensure the 
proper condition of liquors it is necessary to adjust 
carefully the storage conditions for each article. 
Beer in casks and bot tles should he kept at a tem- 
perature of about .55*^ F., port and similar wines at 
60° F., and light wines and spirits at about 40° F. 
These temperatures must be carefully maintained, 
w'hich can be done conveniently by means of a sf*t 
of thermometers (such as Hicks’s), indicating the 
temperatures for the respectiv’’e articles. 

The cellar must be well ventilated, for btul air 
dfiteriorates the stock. To keep it sweet it shoiikl 
be washed out once or twice a week, and the 
walls whitewashed annujilly. Care should bo 
exercised to avoid spilling beer, for spilt beer is 
apt to breed vermin. 
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' Burtons and bitters should bo .stocked a foi-t- 
night before sale, so that they may become 
bright by depositing the sediment. 

Racks must be proviflcd for einj)ty lM)ttles. 
;Much waste oecurs if they are mA, preserved 
from breakage, for the price of the bottles repre- 
sents (he total profit on many bottliHl artieles. 

The gantries, or stillions, on which the casks 
rest, must be; solid and substantial, so that the 
beer or spirit may not be shaken up. To pre- 
serve the liquor from the t'lTects of the vilJfation 
which i.s often observable in towms, they fi*e- 
quently rest on sand. 

The pipes conn(*etiiig the cask with the bar 
('ngine mu.st be kept scrupulously clean, or tin* 
best liquors ke})t under tlie best conditions will 
be spoilt. 1’Jie pipes arc pn'ferably of line tin 
ill fi-iii. sections, connected by sjxieiai joints of 
pure rubber, and it must be one of the chief 
duties of the ct'llarman to look afU'i* them. 
They should be wiisbed out freciucntly with hot 
.soda solution, follow^ed by ))lentiful tlushing with 
fresh water. 

Sidelines and Amusements. Though 
dealt in by all publicans, and thercf(n-<; not 
.strictly sidelines, tobatjco. minerals, cirlcr, and 
win<».s may be briefiy refern'd to here. Tiie 
licence for tobacco and snutf dealing is alw'ays 
tak<‘n out with tin' liquor licence, and costs 
5s. 3d. per annum. Tlu' profit will not be more 
than 25 to 30 per ct'nt. gross, and considerably 
less in the ease of those provincial houses which 
are tied to tlu‘ brewer for tobacco, and the trade 
will not be large. It is quite an easy trade, how - 
ever. On minerals, the gro.ss profits should not 
be le.s.s tluin from 25 to 30 fX‘r cent, for bottle 
sales, and 35 to 40 per cent, for sales in 
glas.ses. The trade is considerabh', and is easily 
cultivated, ('ider and whines will lx? very littk; 
.sold in the small house, and even in the larger 
houses the trade is not large. It is chiefly ab- 
sorbed by wine and spirit merchants. 

Amusements in licensed liouscs are, ,so frc‘- 
quently the .source of trouble wnth tho police 
that ill many eases publicans have ceased to 
supply them. Automatic pianos distinctly Umd 
to < ausc disorder, and may be removed ;is public 
nuisances on the c'omplaint of householders. To 
keep a ])ublic billiard table, a special licence is 
neet'ssary, full -licence holders, how'cver, being 
exempt. It has to be a]jplu*d for at the annual 
Licensing Sessions, and the eondition.s whieli 
apply to liquor licences al.so apply to it, except 
that* it expire.s (xi April Sth in <*ach year. The 
holder must di.splay a notice to that efh;<*t similar 
to the liquor lict'nee signboard. A good room 
with two tables may bring in as much £us £5 
a week, of which 15s. to 30s. will be absorbed 
by the extra stall* required. 

Trade Papers and Societies. Tho 

trade newspap<‘r is, of course, the “ Morning 
AdviTliser.” Weekly trade journals are “ The; 
Licensing World,” published Viy the Licensed 
Victuallers’ Central Protection Society of Lon- 
don, 35, George Street, Westminster ; and “ 3’ho 
Licensed Victuallers’ Gazette,'’ published at 81, 
Parrhigdon Street, London, E.(’. Both journals 
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publish useful year-books. The Central Protcc- 
t ion Society also publish pamphlets and booklets 
stating the publican’s side in the many con- 
troversies affecting the trade. This and similar 
protection societies throughout the country look 
after the legal interests of publicans, conducting 
police-court and similar cases for their members. 
ITiie Incorporated Soci(‘ty of Licrensod Victuallers, 
in connection with wliich the “ Morning 
Advertiser ” was started, and the Licensed 
V^ictuallers’ Asylum afford relief to distressed 
victuallers, and look aftt^r their interests. 

MANICURISTS 

The practice of manicure — probably in almost 
as (?oin])lele a form as prcscnt-day treat rnt'iit — 
(ionics to us from a f)eriod in tlie world’s history 
as remote as the time of the Roman Empire. 
'I’iie Egyptians also affected some form of it, 
but in a nider way —littb? beyond the sliaping 
of the nails and staining with the pigments 
peculiar to tliis race. Such obs('rvations as can 
i)e relied upon point to the treatment being con- 
fined to shaping the nails in elongated form, 
and staining beyond tlie light arc eirele. I*os- 
sibly the cuticle also received attention, together 
with fhe removal of dirt and debris from under 
the edge of the nail ; while the brightening and 
cleaning, and evim the blefwhing of this portion, 
imiy have fornuxl a f>art of (he i<>gyptixn pro(;eH8. 

Corning to later French history - say, during 
the Louis period — th(^ art of manicure was well 
understood, and freely patronised. Marie 
Antoinette, with all her mystic aids to beauty, 
did not nogU^ct it. The apartments and sec^ret 
drawers in the boudoir furniture of this epoch, 
together with the peculiar chinaware and 
implements then in vogue, all bear evidence of 
tlio employment of this art. 

Manicurists Abroad. At the present day 
the practice of manicure is probably more 
g eneral in the largo cities of the United States 
than anywhere else, tliough Paris and Berlin, 
r.nd even Vienna, occupy prominent positions in 
this respect. To Paris should fairly be awarded 
the credit, for the best work, although here, 
again, New York cannot be omitted from 
recognition. London certainly shows signs of 
advancement, but at present the number of 
practising manicurists in the English metropolis 
Is meagre in comparison with tlie capitals of 
France and the United States, Performers of 
moderate skill and little experience are fairly 
plentiful. Obviously, it should be the aim of 
all who practise manicure as a livelihood to 
excel in ability, and there is more scope for 
individuality than may appear at first sight. 

Treatment of the Hand. Tlie shape of 
the finger nails, and their appearance on tlic 
completion of treatment, vary in different 
countries. In England, the true filbert is 
generally accepted as Ijecoming and proper, 
and very handsome can the hands be made when 
thoroughly treated in this style. The cuticle is 
dressed down to an artistic bevel, the light arc 
accentuated, and the shell pink heightened in 
the centre of the nail, the extremity of the latter 
being imperceptibly bevelled clear of the quick, 
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and showing, of course, the transparency of the 
outer end or edge. In the best style of 
manicure practised in England the jiolish of the 
nails, although equal in smoothness, lacks in 
brilliancy, and llu? tinting is much less pro- 
nounced than in the treatment on the Continent 
and in the United States. Probably it would be 
correct to say that in our own country the work 
don(^ with the tile and manicure knife is more in 
evidence than is the use of the nipiiers and 
polishing materials. In France and America, 
the reverse is the case. 

Russians, A’'iennese, and Germans favour the 
elongated nail, or acoentuated point, and also a 
distinct pink polish. Racial distinction may 
have some inihu'iice on shaj)e, but certainly the 
two nationalities first-named, and in a some- 
what less degr<‘i‘ tlie Germans, cultivate the 
nail of narrow width, giving quite a pointed 
*appcarance. The pink tinting and glos.sy polish 
are also uninlstaUable. 'This style' of treat- 
ment is affected, too, to some extent, in 
America ■■ a fa(ff which English manicurists 
s})oukl not ovi'i’look, although, tis a general 
Icndtmcy, the JCnglisli hlbi'rl is the mode that 
should l)e practised. 

Operators and Salaries. Manicure is 
largely in the h.mds of women, but the ldgh(‘.Ht 
exponents an' jnen clucily hairdtx'ssers — who 
take iij) this brancli and abandon their original 
work, ft is largely a ‘piTsoiial business, few 
assistants b»‘ing eitiployed for manicuirti alone. 
Excepting in the l)('st establishments of the West 
End of I^ondoi), and (heir equivalents in other 
caiiitals, the assistants arc required to lake their 
turn in other departments. 

Wlien manicure is practised by hairdressers’ 
assistants, the commission they rf^eoive is usually 
3d. in the shilling, but loss in some instances. 
'J’be girls an^ paitl 2t)s., 25 m., and 30s. weekly, 
with a commission of about; 5 per cc'tit. on the 
takings. There arc some establish nicmts which 
confine themselves exclusively to manicun^ and 
facial massage, and in such eases one or two 
rooms on a lloor above the street level usually 
suffice. 

equipment. Manicure and facial massage' 
(the latter is dealt wdth in a separate artkdc) 
are nearly always undertaken in conjunction, 
and the same apartment is generally adapted 
for both. 'J’he proper equipment of the parlour 
embraces the following : A lavatory basin, 
costing from 45s., with the plumbing in addition, 
according to tlio circumstances of the apart- 
ment ; a special chair for the patient’s use, often 
made wdth a reclining back and fitted with cups 
in the arms, .so that the hands may be moistened 
in the softening preparations, and otherwise 
prepared for treatment with the manicure 
appliances — such a chair costs from 458. to 508. ; 
a stool for the operator, which can be purchased 
for about 2s. 6d. ; and usually a portable 
standard lamp, fitted for electricity or gas 
(generally the former), for throwing a good light 
on the fingers, and costing from 7s. 6d. to 21s. 
If the lamp is adapted for electricity, the instal- 
lation of tlie current may, of course, be a further 
item in the expenditure. 



SHOPKEEPING 


Ordinary manicure outfits are not costly, 
though some specialists have their own per- 
sonally-selected tool caskets, at an outlay of 
anything up to £/> 5s. The charges for treatment 
in the general category of shops are Is., Is. 6d., 
and 2s., while the best practitioners obtain from 
3s. 6d. to 5s. 

Beginners give time — three months or more — 
in return for tuition and experience, or pay £5 
or £10 to be under well-known men. No wtigcs 
are paid in either case. There is a good living 
to be made ultimately by those who really 
acquire proficiency and keep themselves versed 
in the best and latest methods of treatment. 

MASSAGE SPECIALISTS 

The particulars given here shoukl be read 
in conjimction with the article on Manicurists, 
the usual practice being for massage and mani- 
cure to be undertaken as a joint vent un*. 

Tlicre are two kinds of massage; — manual and 
mechanical — the one being dom* by the hand, 
and the other given by a vibrating machine. 
The hand form is probably as old as civilisation, 
but mechanical massage is quite a mod(‘in 
acquireimmt in England, although it has bc^en 
in vogue in Ami'ri<;a for several years. As a 
gtmeral and genuine remedy, there are many 
operators who claim (haf there is still no belter 
method than tlie liand treatment. But against 
this there is the fact that the use of mechanical 
appliances is extending and attracting public 
favour. 

Massage Treatment. Opinion is likewise 
divided as to correct procedure. Some experts 
hold that nothing beyond the creams, lotions, or 
oils should be used, while anotluT section favour 
the steaming of tlio fa<;e in order that the pores 
of the skin may be first opened and the flesh 
rendered supple, and free to absorb the customary 
preparations. In most cases, the latttT treatment 
is accomplished by hot towel bindings — that is, 
towels wrung out from ejuite hot water ami 
wrapped round the face. Some operators, how- 
ever, favour direct steaming. This can be done 
with appliances toclinieally termed mp^riners 
(their effect is similar to that of a steam kettle 
on a smaller scale), or by holding the face over 
a vessel containing hot water. 

Charges. Facial mas.sage, as in the case of 
manicure, is usually a department, of the hair- 
dresser’s establishment, the op(;rator being paid 
a commission for this service in addition to his 
usual w'age. Th(^ sum varies, but 3d. in the 
shilling is general. Outside a few of the W est 
End London houses, assistants arc not employed 
for facial massage alone. Young ladies as 
masseuses and manicurists are paid from £1 to 
£1 lOs. per week and commission (about 5 per 
cent.). 

The charges made for massage treatment 
range from Is. 6d. to 3s. fid., with 28. as the 
average. In good class barbers shops, where 
mechanical appliances are in use, gentlemen are 
treated for Is. fid., and for Is. if only massage 
by the hand is given. In America, massage is 
far more general than in England, and is alwa^ 
done by barbers. The average charge is Is. fid.. 


and 2s. if given by means of the vibrating 
machine. 

The Massage Parlour. When an apart- 
ment is devoted to massage, it usually bikes the 
form of an ordinary rceeption-rooin, with addi- 
tional tittings as noted in the artieU; on Mani- 
curists. But massage for gentlemen is i)ften given 
in the. ordinary hair-dn*ysing saloon, and the 
American haircut t ing chair, as illustrated in the 
arti<;le dealing with Hairdressi'rs |pag(‘ 32ff7J, is 
tlumused. If ineehanieal massage is to be given, 
an electrical vibrating machine of tlie best inak(‘ 
eo.sts £25, and, of course, a supply of eh'ctrieity 
must, be in readim'ss for its working. As indi- 
cating what tliese vibrators are. capable of doing, 
it may be stated that they are fitted with levc‘rs 
which can be shifted at will, producing vibra- 
tions to suit, the operator's requirements, from 
one to sevtm thousand per minute. A portable 
f‘l<*etrieal vibrator can be piireliased for £7. 
Th(*re are also liand inaciiin(‘S at about 30s. each, 
but these are usually inUuult'd for private use. 

TIk; conditions which govern the learning of 
the business and gaining sn entry into it an; 
similar to those described in tin; article, on 
Manicurists. 

MILLINERS 

The Avord milliner is derived from Milan, a 
town which at one time gave the law to Europe 
ill matters of taste and (‘l(*ganee, and wliieli has 
always been noted for the (‘xcellence of its silks 
and velvets, so that, in course of time, one whose 
business it was to shape these materials into the 
differcuit varieties of feminine head-gear came 
to bo c;allcd a Milaner, or milliner. In former 
years the w'drd ap[)(‘arH to have had a masculine 
signifi<‘anc;o, but in modern times this is one of 
the trades in which women have managed to 
keep tlie mono})oly, and in wliich they have been, 
on tlu; whole, very successful, '[’here have*, of 
course, b(;en a number of (;.aHes foredoomed to 
failure from th(^ start. W^ithin the past ten or 
tAvelve years there has b(*en a great increase in 
the numlior of milliners’ shops, especially in 
London, and a large percentage of tliese shops, 
after struggling for existence during a few years, 
have come to an inglorious end in the Bank- 
ruptcy (*ourt. As a rule, tlu; women of this 
country are far h(‘hind those of Franco and 
America in the conduct of eonunereial enttT- 
prise, and the reason for the majority of these 
failures may be found in the fact that many 
Avho possess some of th<; (|ualifieations which 
make for success in millinery rush into this 
particular business ivithout having had any 
practical experience, or witliout having under- 
gone some preliminary training in the ehmients of 
shopkeeping. The result could hardly be other 
than disastrous. 

Training. It is not difficult to obtain a 
thorough training in a comparatively short, time, 
and at a reasonable cost, in one of the various 
schools of millinery which are now established 
in London and some of the chief provincial towns. 
At these schools the pupils receive instruction in 
the wliole art of millinery. They are taught to 
make the wire shapes, to make French flowei’s, 
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to Bhape and plait the Btraw, and to copy with 
absolute accuracy the most elaborately-trimmed 
of Paris models. The course at The Studio 
(School of Dressmaking and Millinery), Artillcrv 
Mansions, Victoria Street, S.VV., lasts for one 
year of three terms. The fees for tlu^ course in 
millinery and French flower making are £12, or 
for millinery alone, £0. At the <uul of that 
period, the pupils sit for tlie London Higlicr 
Technical Examinations, and diplomas art^ 
awarded to successful candidates. The cxainiru*rs 
are drawn from education centres, and from 
ditTcrent West End firms rtipresenting fhe trade. 
Having passed her examination, the iiit<*nding 
milliner should spend at least six months in the 
work-room of a good house, and, if possible, 
should spend a short t ime in the show-room also, 
in order to obtain some pracdica! knowledge of 
business methods. 8he should also know boAV 
and where to buy all ehithms, silks, and otiicr 
materials, as Avell as how to tak(' and keep stock ; 
and, if her ordinary school curriculum did not 
include bookkeeping, h^ssons should bt^ takc'ii in 
that all-important branch of c<imm<*rcial educa- 
tion before she can consider herself naidy to 
begin work. 

Capital. With rehrence to the amount of 
capital Avhioli Avould be r(‘(jMired to com?nenee 
busine'ss as a milliner, it is not possible to iix any 
definite sum. Various eonsiderat ions should be 
taken into iUJ(;ount, such as the locality chos<‘n 
for the start, the class of business to 1)0 done, 
and the character and cw>al)ility of tlie individual. 
It may, howev(*r, he UltaLdown as a safe rul(\ 
that no enterprise of tins kind should be em- 
barked on unless there is a sufh(uont sum of 
money in hand to purchase all the stock and 
furniture required, ami to pay all working 
expenses for at least one year. 'Hu* (expenses to 
be allowed for would incliid<5 rent, rates an<l 
taxes, lighting and heating, wages, and the stock 
for each season, in addition to all personal living 
expenses. Advertising should also be allowed 
for, and unless one had a largo connection, a 
considerable sura should be spent in tiiis way. 
A milliner, even more than a dressmaker, finds it 
profitable to keej) a regular series of illustrated 
advertisements in two or three? of the bnlii's’ 
papers, and money should also be spent on 
tasteful circulars, printed on good paper, and 
{bowing illustrations of each season’s hat-s, 
which should be sent out. four times a year. 

Starting in Business. Locality and 
f)Osition will probably depend upon tlie amount 
of capital available. The risk of failure is oflen 
less in a fashionable seaside resort, or a provincial 
town, than in London, wh(?re expenses are so 
heavy, and where competition is so keen. Too 
much care cannot be given to the artistic fitting 
up and furnishing of the rooms. The fashionable 
London milliner usually trades under a fancy 
name, such as “Monica,” “Dolly Varden,”‘or 
‘‘ Lucile.” Her show-rooms are like handsomely 
appointed and luxurious drawing-rooms, with 
the softest of carpets, choice bric-a-brac, and 


Louis Quinzo furniture ; very little is there to 
show any connection with millinery, except a few 
hats, laid here and there, as if by accident, a few 
more on stands in the corners of the room, and 
deep oak drawers running all round the walls. 
The most private? and exi)ensive milliners are 
usually <‘siablished up one or tAvo flights of stairs, 
or, if on tlie ground floor, not more than tAVO or 
fliree models arc permitted to be exfiosed tf) the 
vulgar gaze, all exclusive designs being jealously 
bidden aAvay undf?r folds of tissue? paper in boxes 
or draw'ors. The suburban milliner, on the 
c'ontrary, pays especial attention to the dressing 
of h<?r window, everything that is ncAv and shoAvy 
being dis])layed in order Ao catch the eye of the 
casual j)asser-by. In both cases, it will be 
necessary t'o spi*nd a good deal of money 
on carefully s(*lectc(l models, although all 
materials sliould be stocked in as small quantities 
as possible, as tliey can lx? purchased from the 
Avlioh'sale houses-; Avlicn required. Unless the West 
End milliner starts Avith a large connection, she 
will obAUGusly requin? a siibstauf ial sum for adver- 
tising, as h(?r AvindoAvs count for little or nothing 
in this respect. In addition to the usual stock- 
in-lradc, rcady-mad(? blouses, lac(?, riilllcs, 
scai'A'cs, cl(?., and sometimes limjerU' and corsets 
an* freqmmtly sold by niilliners. This is more 
than ever (he case sinci? flu? jidvont of the motor- 
car, Avliii h is said to be ruining the millinery 
trade. Wliero fonncriv four or live hats would 
have been sold, noAvadays only one, and a few 
cheap motor cjips and veils Avill be considered 
sufficient. 

Practical Hints* Dm* experieneod assistant, 
costing from 1 (>s. to 21s. a Aveek, Avith Iaa'O or three 
improvers at about bs., A\'ill probably be suffii?ieut 
hamls t.o begin with, {vnd Avh<?n increase? of busi- 
ness justifies flu? (?ngagemeiit of another assis- 
ta?it, she should, if possible, be a French woman, 
or, at any rat % slu* sliould havi? spent some 1 inu? 
in France. In addition to thi? ordinary fashion 
journal and circular adv<?rtising, any [)lan Avhich 
might suggest itself as likely to bring people to 
the show-room should he tried. In one case, a 
good connection AA^as est ablished in a very short 
time chieffy oAv^ing to the fact that afternoon tea 
Avas served to (?ustomei‘s every day. The par- 
ticular premises if'ferred to happened to bo 
nnusually suitable, and the outlay and trouble 
involved Avere trifling, while the increase of 
custom was remarkable. 

To make the business an artistic and financial 
success, it is not suflieicnt to possess only 
quickness of observation and the power to 
imitate and adapt, as well as the talent necessary 
to inakt? a hat. To all this must bo added the 
art of the saleswoman. It is all-important to 
remember that the great object, especially of 
the beginner, is not so much to sell a hat as to 
pleaiso the customer and bring her back to the 
shop, probably Avith a friend next time, if the 
first choice be something really suitable and 
becoming. Whether living in town or country, 
frequent trips to Paris should be made. 


Continued 
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V771TH few exceptions, municipal activities are 
^ naturally far less developed in our Colonies 
than in the ordered and close-knit life of the home 
oountiy. But as the townships overst^as j/row 
in size and wealth, and tlie nec^d for some sort of 
public control becomes increasingly evident, a 
system of local government grows up apace — 
based for the most part on English modc‘ls — 
and affords employment for an offitual staff. To 
select a few striking instances, such towns as 
Melbourne, Wellington, Cape Town, and Johan- 
nesburg enjoy a municipal system of local service 
as fully developed in many respects as that of 
London, and examples arc not wanting of 
Colonial corporations with profitable undertak- 
ings in gas, electricity, and similar “ munieipal 
trading ” ventures. 

Openings for Englishmen. For readers 
in this country the greatest interest att-aehes 
to the practical question, “ What denumd 
exists in the C'Olonies for municipal oflicei-s 
from England V' It must be admitU'd at once, 
in reply, that the general position in respect of 
municipal employment (‘losely resembles that 
dc/seribed in our preceding article w'itli reference 
to the (government service, llie Colony itself, in 
a word, is usually able to meet its own demands 
for candidates. 

But this rule is not without many exceptions. 
Owing mainly to the local lack of training facili- 
ties, the leading (.^olonial towns apply from time 
to time to English sources for suitable officers — 
and partigplarly for such skilknl servants as 
school U'acjhers, nurses, mt^dieal officers of health 
and sanitary inspectors, and municipal engineei*s 
and surveyors. 

In such cases the selection of a suitable English 
candidate is usually entrusted by the corpora- 
tion concerned to its agent in ' London, who 
advertises the vacancy cither in an organ of the 
particular calling from which applications are 
sought, or in one of the weekly or monthly 
papers devoted to municipal affairs. Among 
publications of flic latter clas.s, that in which 


announcements of Colonial aj)))()intmtmts most 
frequently appear is probalffy tlu^ “ Muuici])al 
Journal,” published at 12, Salisbury S«|uare, 
lx>ndou, E.C. 

Public School Teaching. The depart- 
ment of public education, which in some corners 
of the Empire is in the hands of the responsible 
( iovemmont, but is generally controlled by urban 
or district auUiorituis, affords greater scope for 
candidates from (h*eat Britain than any other 
braiieli «)f the ( V)lt)nial j)ubUe sc;rviees. Not that 
teachers from tht^ Motlu‘r ( Country are in general 
re<piest throughout the Colonics. Tn Camvda, for 
example, although British qualifications are 
recognis(‘d, the sii[)ply of Uuichors trained within 
the T)ominit»n is, except in the North-West 
Territories, ample for the vacancies that arise*, 
llie same is true of (Queensland, New South 
Wales, and South Auslialia. 

Oil the otluT hand, there are several (.bionics in 
which a demand for educational volunteers from 
home occasionally arises, N(iw Zealand and West 
Australia being instancies in point. And in the 
South African (/olonics, in particular, the dearth 
of qualified teachers occasions a constant request 
for outside applicants. 

Pros}iectivo emigrants should remember, how- 
ever, that the lack of local teachers often arises, 
at least in part, from the scanty remuneration 
offered by Colonial school authorities, and that 
the value of a salary is determined, not by its 
amount, but by its purchasing power. Western 
Australia is a case in point. On the (Joldfields, 
and in other districts of the StaU% the cost of 
living is notoriously high, yet the average stipend 
of U^achers is only £14.’t 

Salaries of Teachers. The following 
tabular statement has been compiled to sliow 
approximately the range of salaries in those 
(\)lonies in which a substantial demand for 
British elementary teachers at present exists. 
Further details «.3 to the prosp(‘cts of (blonial 
teaching will be found in th<» invahiahh; “ Pro- 
fessional Handbook ” meriiioncd on page 3.550. 


1 SALARIES OF ELEMENTARY TEACHERS IN 

CERTAIN BRITISH COLONIES | 

District. 

Principals. 

AssiNtants. 

Rt*iM.arkM. 


Malr*. 

Female*. 

Male, 

Feinali*. 


South Africa: 

Cape Colony 

£ : 
2.00-420 j 

£ 

100-350 

£ 

1 20-351 ► 

£ 

80-240 

> Demand consideraLle. 

Transvaal 

3IM‘~.'>0() 

300-400 

150-39(» 

00-300 

Orange River (k)Iony . . 

250-450 I 

150-226 

160-260 

00-200 

I 

Many vacancies in certain areiis. 

Western Australia 

so-4r>u i 

70-350 

80-220 

00-200 

Now Zealand 


«0-221*i 

100-245 

80-206 

Openings for well - <puiliticd 

N.-W. Territories (Canada) 

i 

' 130-280 1 

1 

80-175 1 

100-200 

06-130 

teachers. 

Demand constant. 


* vvif.h house allowance of £10 to £50 
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South African Appointments. Vacan- 
cies for science teachers and for instructors in 
special subjects, such as gymnastics or cookery, 
are occasionally advertised in the English educa- 
tional papers. In suc*h cases a second-class pas- 
sage to the Colony is usually provided gratis, the 
selected applicant, in return, enUu’ing into an 
engagement for' three or five years’ scrvic<*. The 
remunoratifm is fairly liberal ; fully certificated 
women teachers of cookery, hygiene, or ]»hysical 
drill receive £1J10 to £IS0 a year, and the rates 
for male teclmical teachers are alx)\it dovible these 
figures. 

In the absence of an agreement of this charac- 
ter, trained Uvichcrs in ijucst of employment in 
Cape Colony are recujmmcnded by the Emi- 
grants’ [nforination f)fHce to arrange, if possible, 
for a friend in the Colony to apj)ly on f heir Iw^half 
for any suitable vacancy that is advertised out 
there. They should also addn*ss a written appli- 
cation for an engagement to the Hoc rotary. 
Education Office, Ca]ie Town. And if a oandidale 
sends a statement of liis or her (pialifications and 
experiemre to the I)(»pariment of Public Educa- 
tion at Cape Town, it will b<i inserted in the Edu- 
cation Gazette ” — an official organ circulating 
among school mnfiagers and prinoij)als. British 
qualifications, it should be added, are rt'eognised 
in the Colony, ’^i’eachers in th(^ Western Province 
are required to be able to speak bt)th Dutch and 
English. 

In the ease of female teachers — and these form 
the majority of the educational staff at the C^\pe — 
application for employment may usefully 1x3 
addressed to the Educational Secretaiy, South 
African Colonisation Sooi(3ty, 47, Victoria Street, 
London, S.W. Those who de,sirc to complete 
their training in the Colony as elementary, 
secondary, or kindergarten mistresses can obtain 
from the same Society parti<;ulars of thc’IVaining 
College for Women Teachers at (lirahamstown, 
which is open under certain conditions to candi- 
dfitos from homo. 

Alike in (?ape Colony, the Transvaal, and the 
Orange River (colony, the supply of trained 
teacliers is still inadecpiato to the demand, and 
there are, therefore, good openings for qualified 
candidates. But women teachers, especially if 
iincortificated, should not go out to cither Colony 
on the chance of securing an engagement unless 
they have friends with whom they can reside 
while seeking employment. They are recrom- 
mended instead to .seek the aid of the officials of 
the Emigrants’ Information Office, on whose 
advice they may rely implicitly. 

Teaching Posts Elsewhere. Degrees 
and training certificates obtained in the United 
Kingdom are accepted in Western Australia, 
where toachei*s are generally in request. But we 
have already mentioned as the chief cause of this 
demand the low salaries which fail to att-rat3t 
qualiffed officers. In view of the high cost of 
living, the maximum of £220 for assistant mas- 
ters, and £200 for their feminine colleagues, is 
admittedly inadequate. 

In New Zealand; although the average of 
salaries is scarcely higher, the expenses of living 
are far less, and there is consequently a good 
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local supply of candidates. But well certificated 
British teachers are in request, and those who 
can await the occurrence of suitable vacancies 
may find excellent openings from time to time 
in the public schools of the islands. 

Full information as to the prospects of employ- 
ment in the Canadian North-West Territories 
may be olitained from the Department of Educa- 
tion at Regina. Masters and mistresses trained 
in England are first admitted on an “ interim ” 
certificate, and must teach in the Territories for 
a year before receiving a full ‘’‘professional” 
standing. As a teacher’s salary depends on the 
class to which ho is admitted, candidates are 
reeominenilcd to asct3rtain from the Education 
Dcipartment before' going out the standing to 
Axhieh their British qualifications would entitle 
them. 

Public Nursing. The official handbook 
for emigrants contains a paragraph on nursing 
ill the (‘olonics which, though not restricted to 
municipal nursing, summarises so justly the 
2 )rr>.H])ects afforded by that jiarticular service 
that it merits quotation : 

“ 'The re arc occasionally oj^enings in the 
('olonics for a few trained hospital nurses. 
'Diere are Ilonu's for providing trained nurses 
in some Colonial towns, but, as a rule, the Colonies 
do not offer any great aitraerion to nurses ; the 
ojx'uings are not vi'ry numi3rous, and the pay is 
small as compared with that of otlicr callings.” 

Jn nearly all British deiiendonoies of C3veiy 
sort nurses wlio have VxH*n trained in the 
hosjiitals of the Motherland arc readily admitted 
to iiractiso, and have at h^ast equal chances with 
locally -trained rivals in competing for aptioint- 
rnents in the asylums and hospitals of the 
Colony. Such positions, liowevi'r, arc not ofU'n 
advertised in this count ly, and are generally 
Hi'cured by candidates who arc on the spot. 

Trained nurses employed in the jniblic service 
in the New South Wales hospitals receive from 
£<),'> to £97 a year, without board and lodging, 
or £20 to £()0 in addition to those allowances. 
TJiis State iiossesses an Army Nursing Service 
Reserve, for which nurses are eligible between 
the ages of 21 and 40, provided that they have 
had three years’ training in a civil general 
hosiiital. In Western Australia the rates of pay 
are £30 to £00 for nursf3S, and £50 to £150 for 
matrons, with food and quarters ; but the 
highi3st figure^s are given only on the Goldfields, 
where all. the necessaries of life are dear. 

Jn the municiiial and Government hospitals of 
South Africa the remuneration is also generally 
high. Trained nurses receive from £60 to £95 
a year, and matrons £100 to £180, in some 
instances with free quarters and washing. 
British hospital nurses in quest of appointments 
under the Rhodesian Administration should 
apply for terms to the London office, 2, London 
Wall Buildings, E.C. Applications for an eh- 
gagenient should be addressed to the Medical 
Director at Salisbury, Rhodesia, enclosing duly 
certified copies of certificates and testimonials. 

Asylum Staffs. Nurses in lunatic 
asylums in Australia are paid from £35 to £75 
a year, with free quarters and rations ; and 
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matrons generally between £100 and £160, Math 
similar emoluments. The rates for asylum 
warders in the Commonwealth vary considerably 
in the several States, the highest pay being in 
Western Australia (£90 to £150, with quarters 
and rations) and the lowest in Tasmania (£ti0 to 
£80, with a like allowance). (Candidates for 
posts as nurses or warders in Vicitoria must be 
between 21 and 40 years of age. 

In South Africa the remuneration of asylum 
officers, in addition to full or partial allowances, 
ranges witliin the following limits : Nurses, £40 
to £75 ; matrons, £85 to £150 ; and Avarders £50 
to £120. Salaries ar<^ generally lower in the 
asylums of Cape Colony than in those of the other 
South African territories. 

Although in strictness a private and volun- 
tary movement, this Association has now bc'en 
ju^corded a scmi-oflicial footing, by the action of 
the Colonial Office in employing it as the cliief 
source from which nurses are drawTi for Govern- 
ment service in the Crown Coloni(‘s. Apart 
from its most useful efforts in the direction of 
private nursing, the Association is thus in tlio 
position of an agency for State employment, 
and as such should be mentioned in our columns. 
The trained nurses furnished by this organisation 
to the Colonial Government are employed chiefly 
in British West and Central Africa, Ceylon, 
Hong Kong, the Malay States, the Straits 
Settlements, and the West Indies, The term 
of service is usually either three or five years. 
Nurses seeking an engagement of this nature 
should apply to the Hon. Sec. of the Associa- 
tion, Miss Mowbray, at the Imperial Institute, 
London, S.W. 

Engineering and Surveying Posts. 

The prospects of British engineering experts 
outsiae their own land is considered in the 
c#irsc on Civil Engineering, and it is necessary 
to add but a few w^ords on the municipal 
side of their profession — which is gtuierally 
less remunerative, by the way, than private 
practice. 

Colonial engagements as municipal engineer 
or surveyor are not often available to candidates 
in this country. The exceptions occur when a 
very responsible position has to be tilled — such as 
the chief surveyorship of a growing city — and 
there is a dearth of local candidattis of the 
requisite experience. Vacancies of this class are 
announced in the English engineering journals 
os they arise. Minor appointments are usually 
made from among applicants in the (^blony. 

British qualifications, however, arc widely 
recognised, the M.Inst.C.E., in particular, being 
as valuable in the Colonies as in this country. 
In Victoria, corporate members of that Institute, 
and those who have passed the examination of 
the Association of Municipal and County 
Engineers are eligible under certain conditions 
for appointment as municipal surveyors, and as 
such may undertake the construction of roads 
and brieves for the local authorities. On the 
other hand, the Lands Survey branch of the 
State Service is recruited mainly by surveyors 
trained in the department itself. 

Civil Serv 


Apart from professional posts in teclinical 
colleges, the C^olonial municipalities afford but 
few openings for effiemists. The most important 
corresponds with the position of public analyst in 
an English borough. In the (^Vinadian Dominion 
such officers are required to pass an extamina- 
tion in chemistry and micro.scopy. Analysts to 
local authorities in New South Wales must he 
approved by the l^oard of Health, which in future 
will recognise only the Associateship and Fellow- 
ship of the Institute of Chemistry; and the 
Victorian Health Board, whitdi has similar 
powt*rs, is scarcely h'ss exacting. In many other 
parts of the Empire, liowever, the detwjtion of 
adulterated food supplies has not beeonu' a 
pressing matter, and thus the field for local 
government analysts is still very restricted. 

Other Offices. Other vat‘ancies for munici- 
pal ofiioers of various grades in ihe C.olonies are 
announced from time to time in the English J^ress 
“ gentu’ally on terms sufficiently high to attract 
fully competent candidates. Thus, for the positions 
of treasurer and assistant treasurer to a leading 
Soutli African corporation, the respective salaries 
of £1,.5(K) and £600 WTve lately offered. Medical 
men j)oss(‘ssing the public health diploma, 
and walling to sign a three years’ agreement, 
were invited by the agent of a Natal munici- 
pality to apply for the apj>ointment of medical 
offieei" of Itcafth at a salary of £650 a year, 
rising to £750, with a first-class passage out. 
Again, a vacancy as chief of a corporation fir© 
brigade in (?a]>e Colony, with a remuneration of 
£600 yearly, and frt'c (piarh^rs, was recently 
advertised in this country. It may be added 
that this post was secured by a candidate who, 
as the head of a considerable English fire force, 
had been in receipt of a salary of £130. 

Such instances serve to show that a well- 
qualified and fortunate municipal officer may 
rapidly advance his ambition by emigrating. 
But. there is no IlcAyaJ road to such advancement. 
Suitable vacancit^s arc rare and i?ag<'rly contested, 
and there may be long waiting and many 
disappointnnaits to endure ere the aspirant 
ultimately attains success. 

A Last Word. In concluding with the 
present article our survey of the Imperial section, 
w^e completi) also that greater subject of the 
Civil Service of which this forms part. Ah avc 
have .sought to show, the Civil Si^rvice of the 
Empire is of unmatched variety and extent, 
affi>rding scope in one or other of its three 
divisions — ^lunicipal, National, and Imperial — for 
the most diverse taUmts and ambitions ; and the 
liberal though not extravagant rewards of eacli 
s<Jction are available, without let or hindrance, 
to men of the requisite abilities. We may, 
perhaps, b<^ forgiven for emphasising anew, in 
conclusion, the c{ualities that make for succ<‘ss. 
They are, firstly, a sound training, and lastly, 
strenuous and thorough work. In the (‘ivil 
Service, as elsewhere, there are some incompe- 
tents and many mediocrit ies. But the men who 
succeed — the men who “ run through the ruck ” 
and win the prizes of the Service — are they whose 
keynote is Efficiency. 
concluded 
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CHILDREN’S CLOTHING 

Suitable Material for Infant Wear. The Layette. A New 
Hygfienic Set. Stitches and Methods of Sewing^ Employed 


By AZELINE LEWIS 


clolbin^^ of an infant should bo Hjjjht, warm, 
^ and easily i)ut on ; tightness of any kind 
and heav^incss are unliealthy and unwholesome. 
All hard soams and ridgos should bo avoidefl ; 
the fewer seams there are in a garment the bctti^r, 
whilst all armholes should bo loosely fitting. 

Materials for Baby Wear. As to fhe 
material, medical opinion is unanimous that 
it should be 
woollen, pre- 
fer a b I y all 
through. Dr. 

Gordon 
Stables says : 

“The woohen 
garments 
may be as 
light iwi you 
please, hut lot 
them bo avooI. 

Wool keeps 
up t h o 
warmth mon^ 
equally, and, 
if light, it 
does not 
‘plot’ the 
skin. Cotton 
cools down 
too soon, and, 
indeed, it 
may g(^t cold 
while still 
wet wit h 
perspiration, 
is carried 
the d(?Ucato frame 



The animal heal of 
away too rapidly, and 


the body 
a chill to 

is the inevitahlo result.” 

Flamicls, and woollen mate- 
rials too, ai ‘0 now made in siu’h 
beautiful qualities, and of such 
line makes, that there need be 
no fear of the little one not. 
being daintily clad, (.‘ambrie 
and latJO may, of course, b('. used, 
but such things should only be 
employed for tlic over gar- 
ments, as frocks, petticoats, 
pinafores, slips, skirts, etc. ; 
nothing stiff or starchy should 
come near the face, nock or 
hands. 

In baby attire simplicity and 
daintiness should be the essen- 
tials ; the woe mite wantjs to 
kick and move its arras freely, 
and not become tangled up in a 
mass of meaningless fiills. As 
a baby should spend the first 
months of its life in sleep and 2. qabmbki^ bob thb **nbw baby* 
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much of the first period of its existence on its back, 
it follows that no ribbons or strings should be tk^d 
liero to cause pressure on the spine. Further than 
this, the ideal baby garments should all fasten 
<;ither in front or at fhe side, never at the 
back, as no matter how soft the ribbon, how 
small the how or buttons, these must cause 
pressure and irritate the soft and tender flesh. 

L 2 t y o 1 1 c. 
IT e ^1 A layette, 

like a trous- 
seau, varies, 
of course, in 
the number 
and quality 
of its edmpo- 
n c n t parts, 
according to 
means and 
circum- 
R i a n 0 e s . 
There are, 
however, cer- 
tain things 
which are in- 
dispensable 
to any baby’s 
comfort and 
needs, the 
numbers of 
which may bo 
added to with 
great advan- 
tage, whilst 
the cost and fineness of the materials with which 
they are fashioned can be increased accordingly. 
The following, then, may be taken as a fair list 
of the least number of articles 
rc(iuired for a layette : 

2 Binders 3 Pilchkins 
4 Woolly vests 3 Head flannels 
4 Long flannels 1 Small soft 
0 Day gowns shawl 
4 Nightgowns 1 Large shawl 
4 Petticjoats 
2 Doz. Towels 


THE TAYKTTE 


for outings, or 
a long cloak 

Bibs, bootees, gloves, veils, 
are all accessories for which no 
list can be given. For a town 
baby two silk skirts will bo 
found very useful to slip on 
over the day gown, when it takes 
its everyday outing, whilst a 
little silk or cambric ta^own 
is a very delightful additipti to 
baby’s wardrobe, in which he 
can be smartened up itt a 
minutes, without changing. 







PRESS 


The ideal fthape for this garment is the Aliono 
which sot is referred to later on. 

The Garments. Fig. 1 shows the various 
garments of the usual shape : 

The Binder. This consists of a siraight 
piece of flannel, 5 in. or C in. wide and about 27 in. 
long, or more. Tt should bo simply torn off 
and left raw-odged. and then 
there will be no ridge to press 
on the baby’s body (?). 

The Vest. Tiu' vest should 
be of the finest wool, opening 
in front, as it will be easier 
to put on, and there is less risk 
of twisting the litth' arms {g). 

Tf the idea cannot ho aban- 
doned t>hat baby is not pro- 
perly elotiu (I without the! 
shirt, this can come next, but. 
is quite unnecessary, and is 
very little used, unless made 
nuns’ veiling. 

The AMERirAN Lono Flan- 
nel. Tins, as will be seen, has 
the bodice front extended into 
points, oiu^ to be passed tlirougb 
a slit and fastened round the 
body (y). 

’r h e r o is 
another 
long flannel 
of some- 
what sim- 
pler shcape, 
which has 
the advan- 
t a g of 
being 
•equally use- 
fiil during 
the sliort- 
eoating and 

later periods by mert^ly shortening tlu^ skirt. 
Note that the sliouldor-straps fjist(m over 
in front and are of fairly good w^idth, narroAV 
tape being likely to cut and 
hurt the infant (e). 

• The PKTTTciOAT. As to the 
pettiooat, there is a slight 
diversity of opinion about it, 
some holding it to be neces- 
sary and others not, but a 
woollen-clad baby’s wardrobe 
would not contain it. It is 
usually made of fine longcloth, 
lawn, cambric, or linen^, lucked 
and frimmed ac^cording to cir- 
cumstances. It shou Id be only 
very loosely gathered round 
the neck (/i). 

The Day Gown. This may 
bo of cambric, fine hair-cord 
muslin, gauze flannel, nuns’ 
veiling, or Japanese silk, the 
last being preferred by many, 
as it is soft and washes so well. Trimming and 
materials arc, of course, matters of taste (C). 

The Nightgown. The nightgown should 
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be of Viyella, gauze flannel, fine white wincey, 
or nun’s- veiling. The pattern is the same as 
that for the day gown {/). 

EMriRB Gown or Robe. TIk* robe can boas 
smart as possible, the little bodice being formed 
of strips of insertion and tiu*king {a). 

The Head-Flannel. This should bt^ a 
sensible' square of tine flamu‘1, 
.‘h> in. or 4r) in. wide, not the 
small thing usually made, 
which is always sli})ping off. 

( )nc‘ cornt'r is rounded off, and 
has a casing run round to form 
a hood, as the skt'U'h shows. 
'Phis should be large enough to 
go over the hcail comfortably 
(r ). A (Toclu^t or knit ted shawl 
answers this ])urposo equally 
well, if not better, provided it 
is of a close make, so that the 
tiny tingi'rs are not caught in the 
meslu'S. 

A delicate baby rc'quin'sa Shet- 
land shawl to b(^ cuddled up in, 
but the same n*mark applies to 
this as to the little head shawl 
with reganl 
to t h o 
make. 

Silk 
Slip Skirt. 
Fig. 1 (rf) 

sliows this 
skirt, whu'h 
has been 
already re- 
ferred to. 
With re- 
sp(!(!t to the 
out-of-door 
attire, a 
woollen 

shawl, of firm, close make, is really better and 
warmer for a baby than tlui usual long cloak, 
unless this b(> made with sleeves to t)rotcct tho 
arms and hands. 

A little knitted hood is worn 
by both boy and girl babies for 
till' iirst few months, but head- 
gear is ment ioned later. 

As to the tow'(*ls, of which 
st^veral dozens can well be 
added to the list, these may b(i 
of birdseye or other diaper, but 
the best arc! good-sized squares 
of turkish towelling, which can 
either be bought ready-made, 
or made from the wide make of 
this material sold by the yard. 
It can bo left raw -edged, or 
simply ovcrcivst loosely with 
soft cotton, as a hem makes a* 
ridge which is likely to hurt, 
and is not advisable. 

The next diagrams show the 
revised editions of baby g*irb, by the aid of Avhicli 
he can bo dressed in five minutes, or less, w ithout 
any twisting or turning at all. 



3. the auone set 



4 . OUTDOOR GARiMENTS 


«8 
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Pig. 2 shows the few and simple garment^} 
required by the “ New Baby.” The binder, 
consisting of two strips of flannel ((^, the inner 
one longer than the outer ; the little woolly vest 
and the revised long flannel (n). This is cut with 
iirmhoU>s and sleeves extending to the shoulders, 
obviating the tightness of 
the usual shape, and avoid- 
ing the obj(‘etionable prac- 
tice of btnding back the 
infant’s arm, which is neces- 
sary with the round arm 
opening, ’flie same patl ern 
will do equally well for tlie 
small nightgown, for which 
the sleeves will he a little 
fuller, and a little orna- 
inonta t ion added. a(?cording 
to taste, either by featluT 
stitching, lace, or em- 
broidery. 

The long sleeves make a 
tlannel vest, or harrow coat 
unne(u<ssary , \vh ilst t he sk i rt 
portion, being buttoned to 
the bodice, makes a fre- 
(jnent change possible with- 
out undressing the l)aby. 

'Tlic little pilchkiii is an 
addition which mothers and 
nurses will appreciate, its 
object being to }»rev('nt the tow^cls slij)piiig 
off. It is made either of tlannel or hath towel- 
ling, and is merely a long, narrow strip of 
the material ta]K*ring off to a point at om^ 
end, the broad end being sceun'd by a button 
or safety-pin to the hack of the long tlannel, 
the point Ix'ing brought up and fastened 
in front, cMtluir to the long tlannel or the binder. 

Pig. 2 (fc) shows a 
Princess day or 
night gown, as the 
pattern will do for 
either. It could he 
made of dainty 
■woollen or cotton 
goods, as preh'rred. 

"J’his shape fastens 
over at the left skl(% 
the back being plain 
and seamless. 

Fig. 2 (d) shows 
anotlier shaf)e of 
nightdress of most 
delightful sim- 
plicity. It can be cut 
all in one piece, or to 
fasten at the side, 
and for the vaccina- 
tion period will be 
found invaluable. 

In Fig. 3 we have the ideal baby garments, 
known as the Ahon^', but as they are regi.stered, the 
patterns can only bo obtained from the inventor. 

In these, as in tho others just mentioned, a baby 
can be dressed in from three to fiveminu^, each 
garment lieing placed in it« proper position, and 
the baby last, when they are fastened as shown» 
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by tapes and buttons only, without once moving 
the child. The sleeves, it will be seen, button 
down the side of the arm. (a) shows the binder ; 
(b) the. set % ready for putting on ; (c) the nights 
dress ; (d) the oar cap to prevent prominent ears. 
The “ softie ” pilch belonging to this set, and 
brought out by the same 
lady, is the most comfort- 
able thing ever invented for 
a baVjy’s underwear, and 
should be in every baby 
wardrobe. 

Fig. 4 illustrates some 
other garments ne(H^8.sary 
to the baby’s comfort ; 
(r) show's a square kimono ; 
(d) a eireular one ; and 
(6) a tea jacket or outdoor 
coat. The two tirst should 
he of woollcm material, 
whilst the last one may be 
more elaborate. 

Pig. 4 (a) show s the cloak, 
wiiicli, it- will be noticed, is 
cut with sleeves, and is of 
ample fulness. (r) illus- 
trate ‘s a hood cut all in one, 
the shaping being done by 
means of darts. This can 
Ih‘ fasteiu‘d to the cloak and 
all 1)0 put on iogetber. A 
knitted w'oollcii hood or hat, how(‘ver, is equally 
w'arm and comfortable. The cloak can be of 
casbincre. Oriental satin, or Bengalinc interlined 
w ith (loiiU‘t.t(‘. ; the lower e^loak should bo lined 
Avith nuns' vealing, and the upper ones w'ilh silk. 

The Making of the Garments. The 
actual making of baby garments is simple, 
but the workmanship slioiild l)e of the tinest 

and best, wliether 
it is done by hand 
or maehine. 

For the sleeves of 
flannel garments it 
is far bet/t(»r, for ob- 
vious reasons, that 
they should not be 
set into a band, but 
drawn up by ribbon 
run through fancy 
stitches worked 
outside. Fig. 5 
show.s t hree ways of 
accomplishing this. 
I'hc third merely 
consists of perpen- 
dicular button- 
holes, and makes a 
little more work 
tlian the two upper 
ones. It is espe- 
cially suited to the head-flannel shown in Fig. 1. 

Insertions should always be transparent, 
whether for bodice, cuffs, or lower part of skirt. 
Fig. 6 shows a transparent yoke of camlmc 
insertion and lace, and the method of finishing 
off at neck and lower edge. 

CofUtnued 



5. RIBBON INSERTIONS 



6. TRANSPARENT YOKE 







CLCCTRICITY 

moving mass, as explained on x^agc 20(), possesses 
energy of motion, also called kinetic energy. 
When the pendulum bob was pushed aside it 
moved a little up the incline, and in doing this 
work some energy was sjpont ui>on it. That 
energy thus given to it, it transforms, as it 
descends the incline, into energy of motion, 
which energy is still in it as it flies through the 
point A ; and it expends (his energy hy elinibing 
vp the inclined curve on the otlier side to an 
e(pial height. As it comes down again, it again 
gets up speed, which will again, because of its 
inertia, _mriy it up once more to B or C. And 
so it oscillates bai^kward and forward, the 
energy given to it during the first flisplac<uncnt 
being transformed into kinetic energy as it c-ornes 
down, and retransfrained into j)otential energy 
as it goes up tlu^ eiii v(‘. 

Jt is similar with the loaded sfuing. In 
bending the spring, we give it pot<‘ntial energy 
[see page 2SttJ, vvhi<‘h, <luring the recoil, is 
transformed into kinetic; energy, tlie pow<‘r 
of the spring being t‘mploy<*d in x)Utting the 
leaden mass into motion ; /uid the iiu'rtia of 
the moving mass carrii*s it baek jiast the point 
A, and it flies over to the otlier side, retrans- 
forming the energy of motion into the potential 
cjicrgy of the bent spring. 

Necessary Conditions for Oscil« 
lation. We see, then, that the n(‘e(*Hsary con- 
ditioiivS for meehanieal os<*il lation are two in 
numlxjr : there must bo (a) ton es ttmding to 
restituUon ; and {h) inertia. Further than 
this, a* very few experiments will eonvinco us 
that the frequency of the oscillations depends 
on both these things. For, consider the spring 
[’225] already d<‘scri bed. it has a certain stiffness, 
and it is loaded with a certain mass. If we make 
it slitTer (by shortening it, or by substituting a 
thicker piece of steel of the saiiu* length and 
quality), it will n'.coil more quickly, and the 
frequt'iicy of the springs w ill be increased. If 
wo make it w<;aker (by lengthening it, or by 
substituting a thinner spring of the same length), 
it will oscillati? with slower swings. Or, again, 
if, keejiing the stiffness unaltered, w^e load the 
spring with a lu;a\ier mass it will swing more 
slowly, and the frequency of tht* oscillations will 
bo reduced. The exact rule governing the matter 
is that the square of the frequency is directly pro- 
portianal to the, stiffness of the sprirujand inversely 
jrroportioml to the. mass. 

Decay of Oscillations. Any vibrating 
spring or pendulum will gradually come to rest, 
the amplitude of tlie oscillations gradually 
decreasing until the motion dies out. I’his is 
because of friction. Therci is friction at the 
point of susx>ension, if the pendulum rocks about 
a point, or in the cord if it has to btmd wdxere 
it is tied up. There is internal friction in the 
bending ])art of the spring. Also both tlie pendu- 
lum and tlie vibrating spring stir up the air in 
their movement, and waste a fraction of their 
onei*gy in fluid friction at each swing, si> that at 
each recurrence of movement tho amplitude 
of the swing is a little smaller than it was at the 
previous swing ; and this waste of energy by 
friction, however slight, will gradually cause 


the motion to decay and the oscillations to die 
away. I'he time taken for the amplitude to die 
down to half of its initial value m^ be regarded 
as a meosurti of tho rate of decay, the swinging 
part presents a large surface to tho air, it sets 
up much air friction, and tho oscillations will 
be quickly damped out. 

Production of Electric Oscilla* 
tions. Now, what is true about mechanical 
oscillations is true — by physical analogy — of 
electric oscillations. In order that electricity 
should oscillate at all, the system must fulfil 
two conditions: Hierc. must be (a) electric 
forces tending to restitution ; and (/>) something 
a(‘ting as electric inertia. Wo must inquire 
what these things (!an be. 

In the last article [page 3579] we saw that 
when a comh'user is charged it tends to discharge 
itself. While an electric current is being forced 
into it its jioUmtial rist;s, and the greater 
the. charge given to it the more powerfully 
does it react, tending to drive tho charge out 
again. In fact, the layer of dielectric in a 
coiulenser, Avhether glass, mica, or air, acts 
as if it xiosscssed elcctrii; elasticity. Tli© larger 
the area of its coated surface, and the loss 
its thickness, the more easily is it charged, 
'^riie thickia* the (li('h*ctric and tho smaller tho 
ar<*a, the more stiffly do<‘s it react. TJie forces 
of restitution which it offiMS to the OiUTation of 
charging are jiiv<‘rst‘ly ^proportional to its 
eapacity, and dir<‘(‘tly xiroporlional to tho 
charge that is in it., and they are electromotive 
forces, not mt'chanical forces. 

Further, it was pointed out on page 1302 that 
wh<‘nc‘ver a current lias to flow round a coil or 
spiral so that it does some magnetising- there io 
a reaction clue to tho iritiTlinkago with the 
magnetic lines. '^I’his reaction manifests itself 
during the time when the current is growing 
l)V causing the current to grow more slowly — in 
oiher w ords, by xirodiicing a lag. It has another 
(‘ffect on a I’urrent that is dying — namely, that 
it ojiposi's the diminution of the current, mid 
keejis it flowing even afto the electromotive 
force lias ceased. This reaction, caused by tho 
magnetism of the circuit itself, is u?rraed self- 
induction, and it is purijly conservative. It 
opposes tvll change. When the current is growing, 
it o}>XPoses growth ; when the current is decreasing, 
it tends to keej) it up. The effect, then, of 
the presence of self-induction in a circuit upon 
the flow of the current is exactly analogous to 
the presence of inertia in mechanical systems. 
Judging, then, by luialogy, we should expect 
electric uscillatiom to arise in an electric circuit 
if that circuit fulfllled the condition of containing 
(«) a condenser, and {b) a magnetising coil. In 
other words, there must be in the electric system 
)x>th cax>acity and self-induction. 

Oscillating Electric SparKs* Suppose 
that we take a condenser, 
consisting, as described in the 
last article, of glass plates^ 
between sheets of tin foil, 
and join it up in a circuit 
along with a self-induction 
coil. Fig. 227 represents such 227 
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a circuit, K being the condenser, »md L a self- 
induction coil made of a number of turns 
of insulated copper wire wound on a suitable 
wooden frame as a bobbin. Such a circuit is 
suitable for electric oscillations, and the fre- 
quency of them can bo calculated if the capacity 
and self-induction are known. The formula is : 
/= l-i-(27rx VKL); 

where / is the number of oscillations jx'r second, 
K the capacity in farath, and L the self-induction 
in henries. Thus, if the capacity bo 10 micro- 


farads (that is. 


of a farad) y and the. st‘lf- 


■ flis]ilaccment an< 

Y \ it go. For this 

1 ] wires at tlui i\v( 


induction is henry ^ the frequency will Ixi 

1,591 oscillations per second. 

But although such a circuit may adapted 
for electric oscillations, and have in tin's s<‘nH<; a 
frequency of its* own, the difficulty will be to 
set up any osc^illations in it. For many years it 
was not known how to s(d up such os<^illations. 
What is wanted is some electric op(‘ratiou that 
will coiT(iS|)ond tf) the ojs'ration, in the mechani- 
cal analogy of th(5 loadiid spring, of j>rodiJcing a 
dis]ilaccmcnt and tlK'ii letting 
this purpose the 
provided with 
in 228. Tile 

two skh‘s of the 

gap should be furnislu‘d with 
228 j ^ I briglitly- polished metal halls 

J \ set; about 4 in. apart, and 

connc‘cf ions should be made as shown to soiiu^ 
suitable high voltagii source such as an influcnc<j 
machine or an induction <‘oil capable of giving 
sparks. Then what hafiptms is this : Tln^ current 
running in from tin*, source charges the condens<‘r, 
and gradually raises the difference of potentials 
between the two balls until tlxi air insulation 
between them breaks down and a spark oeeurs 
at the gap. I’his spark will ho noticed lo he 
bright and noisy. It really (.‘onsists of a whole 
series of sparks oscillating rapidly to and fro. 

Nature of Oscillating SparKs. Half 
a (ientury ago Txird Kelvin predicted from 
mathoinatioal considerations that the dicliarg<* 
of a fx^yden jar through a wire coil would be 
oscillat-ory. Some years later Feddcrscii jiroved 
it to be so by observing the spark in a revolving 
mirror, when it was found to consist of a numher 
of separate sparks that rushed in rapid succession 
across the gap in alternate directions. The 
necessity of the gap was pointed out in J875 
by the present writer. Tlie <?xplanation of the 
oscillations is as follows : As the cond(*n.ser is 
more and more charged, its electril; ela.sticity 
tends to drive the charge bacsk more and more, 
imtil the moment comes that the insulation 
ajb the gap breaks down. Then comes a sudden 
surging of electricity out of the positive coating 
of the condenser, rushing along the circuit acro.ss 
the gap and into the negative coating of the 
condenser. But because of the self-induction 
of the circuit this rush of electricity goes on after 
the condenser is empty, and in so rushing on 
charges it up the other way. Then comes 
a rush back across the gap in the converse 
direction, and so backwards and forwards. 
The nature of an electric oscillation may bo 



indicated graphically by the diagram 229», in 
which the horizontal distance rc‘proscnts time, 
and the vertical 
distances the 
charge, positive 
or negative. 1’he 
whole scries of 
siirgings begins 
with a suilden 
rush, followotl by 
the subsequent. 
alt#‘rnatii)ns at a 
regular f r e - 
q u e n e y. B u t 
cac‘h rush is 
feebler than the pree<“ding one, and tlxy die out, 
just tis iixx'lianieal vibrations do. If the circuit 
otT«‘rs a high resistance —as, for example, is the 
ease when a wet par*k-threafl is introduced into it 
- the train of osiMlIation.s will lie rajiidly damped 
out. Also, if the rMTangenumt. that acts as eon- 
dimser has miuh exposed surface, some of t.h<*. 
energy of the moving rle.etricity may escape as 
<‘lectric waves (as will he ex]ilainod in the next 
article), and then also each train of oscillations 
Avill consist of hnt a few m(‘ml>ers, as 229/>. If 
then? is no ap])recia.ble resistance, ami no appre- 
ciahle radiation of en^agy in waves, th(< oscilla- 
tions may he persistent, each tiain con.sisting of 
some thousands or ev<*n himdrcals of thousands of 
siiecesHiv(5 oscillations. Fig. 229r shows a more 
IKTsistent train of oscillations than either a or h. 

Resonance. If two circuits be constructed 
as to capacity and self-induction so that they 
have the same natural fre(|iicnc.v, they are 
ca 2 )ablo of resonating oix*. to th(' o1h(‘r — tlud is, 
if electric oscillations are set up in one of them, 
it I'lui induce oscillations in the oth(*r. Sir Oliver 
Lodge lias shown Kom<j t‘xccediiigly beautiful 
cx])eriments on this plan with tw'o circuits, 
which ww^ttniad — that is, brought, into syntony 
with one another. L(‘t K, and L| 1230J nqiresenfc 
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a capacity and a self-induction coil of a (urcuit 
having a spark-gap at A, conm ctod with wires 
to a suitable charging source such as an influ(*nco 
machine. the second (urcuy Ik^ arninged 

with capacity K., and sc'lf-induetio ^ coil L.,, and a 
spark gap B. 'Phe two must lx? ti ,ied t>y altering 
either or L.j until the eondjl un is attained 
that X Lj K, X Also; the two self- 
induction (‘oils must be put near each other so that 
they can act inductively (like pj-iniary and secon- 
dary of a transformer) on one another. Then, 
whenever a sjiark is made at A in the one circuit 
a spark will occur also at B in the other circuit. 
But if the timing be spoih'd by having L., (Uthcr 
too great or too small, then there will lx> no 
sparks at B. Sir Oliver Lodge show(*d this 
experiment with two Leyden jars and two 
simple semicircular arcs of wire. 
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Utility of Tramways. Bed, Rails, Rail Joints, Cross- 

];AIM%AY I tiom 

coiiUiuu'ii from jw/i* lUilfi 

ings, and Paving. Tramway Construction Costs 


By R, W. WESTERN 


^HE clislinctioa ])etAveen a tramway and a 
railway hard to dolino. TJio word tram 
iirst appt^ared in the engiiieoriiig world as the 
name given to a sort of waggon used for <‘oalH, 
and a tramway was a wat/ f<^r sueli a waggon. 
Historically, tramways came Hrst, and tlio 
railway is, in fact, a development fioni the 
tramway. 

The lirst tramways wta’e rails of timber laid 
from various collieries to tht) nearest wharf 
exactly straight and parallel. As tJie wood was 
fpiickly worn by the rough traffic, wooden rails 
were nailed on the, top of the others, and 
could be easily dctaelu'd and renewed as reepdred. 
Then WTought-ii'on laths were introduced for 
the like purpose, but without much advantage 
to economy on account of the high cost of the 
nnetal. 

The First Tramway. In 17<»7, from 
some adventitious eireumstaiic(‘s, the price of 
pig iron became very low, and the Coalhrook- 
daie Iron (Company, in ordiT to keep their 
furnaces in. thought it would ho tlie host 
means of stocking their pigs to lay them on the 
wooden rails, as tliis would lielp to pay interc'st, 
by reducing repairs of the rails, and if the prices 
of pig iron 
rose, the pigs 
could be taken 
up and used 
as oast iron. 

This is a good 
illustration of 
how the deve- 
lopment of the 
construction of 
ways of com- 
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71. SECTION OF TRAMWAY .SURFACE AND RAIL 


munication is governed by the relative cost of 
materials. ^ 

With the indention of tlie steam locomotive, 
which reqiiirod^.v road to itself, tramw^ays almo.st 
disappeared this eountiy. They were no 

longer wantec for the collieries, and on the 
ordinary roar?, the public would not have them. 

In America, Aowever, w'hcre ordinary vehicular 
traffic was meagrely develojied, tramways 

grew up freely, and unaerw'ent many modifica- 
tions and improvements as the use of iron and 
steel increased. They were introduced into 
English cities by an American engineer, Mr. G. F. 
Train, during the ’sixties, in spite of great 
opposition. 

What Is a Tramway ? As now used, 
the w ord tramway may mean a light, temporary 
railroad used by contractors for various 
puiTioses ; a permanent railroad of narrow 
gauge within the prooincts of a factory or 
colliery ; or a railway laid level with the 
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surface of an ordinary road, so that other and 
unadapted vehicles can move freely over it and 
across it. hi the United States of America, 
however, the last of these is more commonly 
<le.scribod as a strfet railmty^ in many respects a 
pnderable, term. 

A tramway will generally, therefore, differ from 
a railway mainly in the following respects — 
lighter loads, slower speeds, more frequent 
service, sharper curves, and steiqier gradients. 
All these have modifying elfec^ts upon construc- 
tion. 

Street Railways. The design of these 
must j)rovid(' that the s])ceial rolling stock will 
he eoiilinod to the rails, while all other vehicles 
art' free to move on and off. An infinity of de- 
vict'H have h(^en pi()po.sed and fried to effect this 
olqect etuHioiuically. Jiy procc^ss of survival of 
the fittest, the form of rail showm in 73 is now 
ruostgeiK'rally used, together with wheels having 
llangt^s on the inside as described for rolling 
stock of railways. 

Unsettled Ground. In eases where a 
franuvay must he laid upon ground which 
cannot be relied upon to sustain the traffic 
permnnently, it is bc'st to adopt tlu* sleeper con 

stiTUiiion, af 
for an ordi 
nary railw^ay 
Then, whei 
and as th 
sottlomen 
j proceeds, th 
paving of th 
road may b 
taken up an 
the level of th 
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rails raised by packing more ballast beneath tl 
sleepers. 

Usual Construction. lender ordinal 
circumstances, tlie rails are laid upon a bed ( 
concrete about 0 in. thick, more or less, as coi 
ditions require [71], The photographic repr 
duct ion 172J illustrates a tramway line undi 
construction. It must bo seen, however, th 
the concrete itself rests on a solid, compact 
foundation, so that it shall not bo subject 
to irregular cross strains sufficient to cat 
cracks. The concrete may be fortified 
introducing iron rods into the lower lay( 
while it is being put in. Such rods may be j 
or I in. in diameter, and laid both longitudina 
in the direction of the raib and transverai 
to them. In this connection the articles 
reinforced concrete [pages 1554 and 1643] sho^ 
•be consulted. 

This rigid method of construction is v 
suitable to the streets of towns, but, as rea<i 







of the foregoing will readily appreciate, it is 
possible only on account of the comparatively 
light loads and slow speeds to which the tram- 
lines are liable. And already in cities where the 
speed and weight of the tramcars are more than 
the average, its disad vantage's are becoming 
apparent. It suffers much from the hammering 
effect of the wheels, and immediately any part 
is loosened, the hammering or pounding becomes 
aggravated at that place, rapidly eausing d<^struc- 
tion of the part. Tlu^ introduction of wood 
between the rails and llu^ concrete is therefore 
desirable where heavy traffic is anticipated in 
order to provide sufficient “ give to absorb 
the shocks. 

The concrete may consist of four parts broken 
stone, two parts sand, and one j^art cement. 
The chief advantage of concrete hcimu-th a stn'ct 
is that a uniform profile is more easily maintained 
upon the surface, which assists drainage and has 
the good appearance which the jiublic demand. 

Laying the Rails. The setting of the 
rails upon the concrete may hv. done in several 
ways. After 
the concrete is 
sot it will 
always be 
found that t he 
surface is not 
true enough 
to enable a rail 
to be simply 
placed upon it. 

The concrete 
may therefore 
be laid within 
a short dis- 
tance of the 
level of the 
base of the 
rail and the? in- 
t r 111 e d i a t e 
space — say an 
inch — made 
good by blocks 
or wedges. 

Then, when 
the rail is in 
position, the 
space may bo 
completely 
filled in with 
fine concrete. 

In places 
where the con- 
crete is unduly 
high this is not 
always easily 
done, and then 
there remains 
but a thin, imperfect layer of cement, very 
liable to crumble under the traffic. 

Granite chips arc sometimes introduced to fill 
the space, or the rails may be placed first in their 
correct positions, and held by temporary supports, 
while tne concrete is put in beneath them and 
carried up over the base of the rail, so as to 
include it. To effect this the concrete must be 
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rather wet, and care must be t aken that it is well 
worked in beneath the rail and smoothed off 
before it sets. If wood bo used as a cushion 
beneath the rail, the laying of the coii<;rete is 
done in the same Avay, exct^pl that it is seldom 
carri<‘d above the h'vel of the bottom of th(^ 
wood. The wood is commonly made 7 in. wide 
jind 4 in. deep, and should, of course, he tho’ 
roughly ereosoted. One of the objections to 
conen'te beneath the rails is the time required 
for it to set ; this greatly interf(*res with rapid 
completion of the work, siiuu^ it would he its 
de.struetion to allow traffic to begin until the 
cement had hardened. There is, consi'qucntly, 
a great temptation t.o use v('ry quick-setting 
cements for this work, whereas the cements that 
show the grc'atest durability are slow-setting 
cements. 

The gauge in a tramway of this kind is not so 
easily detined as on a railway, on account of 
the whe(*l flanges running in a groove. U’o take 
rolling stock as made for a railway r)f the same 
gauge, the distanet^ from the o\itside edge of 

one groove to 
the outsid(' 
edge of the 
oth(‘r should 
b(‘ half an inch 
less than tlu^ 
railway gaug(', 
and t he groove 
rather larger 
than it is 
ordinarily pci - 
mitted to Iw 
made for tram- ‘ 
ways. The 
gauge* is main- 
tairu'd by li(*- 
bai s, phuH'd at 
intervals of 
() ft. or more 
between the 
rails. See the 
half section in 
71. 

RailJoints. 

'rhe joints of 
the rails arc 
V c n m o r e 
trouble'- 
soinc upon a 
tramway than 
on an ordinary 
railroad, sineti 
t hey are 
covered up 
and inaccea- 
sihle, except at 
the cost of 
taking up the roadway. »Sometimes boxes are 
provided alongside to cnabh; them to be got at, 
but unless the lx)xes arc large enough to enable 
the whole of the joint to be examined, and the 
bars to hti removed and replaced, they are not 
of much benefit. 

When a joint becomcft loose, dirt and grit 
work in lietwccn the parts and prevent any 
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efficient tightening up, &o that the parts must be by means of a hooked end iron hanging there 

taken out and cleaned before being tightened. for the purpose. The actual point in the frogs 

The rail joints of a tramway may be examined and other parts liable^ to special wear are 

by )>lacing on the top of the rail, o\er the joint, usually composed of specially hardened metal, 

a straight edge 5 ft. long. If a dc^pression of and the groove may hero be made more shallow, 

as much as in. apptjar at the joint, it must .so that the wheels roll on their flanges while 

be seen to. passing the gap, and thus diminish the bump. 

Another systtmi, that does not necessarily which cannot be entirely avoided, 
exclude the above, is to overhaul thoroughly all Resistance. When the groove of the rail 

joints tit regular intervals— say, once a becomes choked with dirt and stones, 

year. \ \ / wheel flanges grind upon it, and 

One advantage of having the rails \ ^ ^ this effect, together with the friction 

hemmed in on both sides by blocks of on the sides of the flanges, causes the 

wood or granite setts, is that the diffi- ^ resistance to traction on such tram- 

culty of making good joints is not ways to be double that on an ordinary 

complicated by 1 he nceessity of allowing line of railway. 

for the expansion due to tempi'ralure. Paving. The paving of the road 

Since the trfick cannot move sideways, Ixdwt'cm tlie tram-lines and on each 

the only effect of expansion or contrac- side of th(^ rails, is a matter of great 

tion is to produce stresses of ten- __ — '' importance to the proj[x^r main- 

sion or compression in Ihe rails ^ tenaneeof theway. Wood paving 

themselves, which they are well 73 tkamwav rail often insisted upon, and there 

able to sustain. is danger that the swtilling of the 

Continuous Rails. The rails may there- wood between two rails after prolonged rain 

fore be made continuous by welding each one should d(‘stroy the gauge by bending the 

on to the next, so that ihore are really no rails or lilting them. When wood paving is 

joints at all. The welds may bo <“ITeet(‘d by us(‘d, it is tluavfore neei'ssary to have sub- 

mcaiis of cast-iron, by elect rieily, or by thermit. slautial ties, phased closer together than would 

The first requires a miniature blast furnace to t)tlierwiso m‘cessary. ^rhe wood blocks 
produce the cast iron, the second a formidable will then soTiietimes arch themselves between 
electric apparatus, but for the third only a tin* rails, causing a hollow Ixmeath, while the 

few pounds of mix<;d ferric oxide and finely- swelling lasts. i\)r facility in making repairs 

divided aluminium is wanted. This, on ignititm, as]>halt is to be prefer red as a paving material 

supplies a quantity of superheated molten it is also to be preferred for hygienic reasons 

iron, and by means of this a very intimate union giving less access to \inwholesome organisms 

is effected between tlio two rails. The chief But. for <Jurability and economy, hard wood.' 

drawback r(*sts in the possibility of failure. give* befUT Jesuits than asphalt, and a safe; 

Bad workmanship on an ordinary joint may hv, footing fV)r tlu^ horse tiaffic. Granite setts an 

reeiified without much (rouble, but if a weld m)t tolerated in most towns on account o 


fail, the ends of tw^o rails are ruined, ’^riie heat 
involvtrd in a wx*ld is so gn*at tha t time must bo 
allowed, before proceeding too far, for cooling to 
take plat^c, with its at^companying contraction 
of the rail. This somewliat limits the speed w ith 
\vhich a tram-line can be laid with welded joints. 

Points and Crossings. The eurve^^ and 
angles being necessarily shar^XT upon a street 
railw'^ay than upon an ordinary luihvay, the 
points and crossings cannot be .straight ; tljcy 
must in all cases be specially constructed to 
the angle and to the degree of curvature to be 
laid out in the place they are to occuipy. This 
special construction takes time, and all frogs, etc., 
that must bo specially made, should be ordered 
from the manufacturers as early as possible, 
since the completion of the work is necessarily 
deWed until they arc delivered and put down. 

Whether for facing points or trailing points, 
a single tongue is sufficient, and most commonly 
used. Its use obviates the need of a pointsman, 
except in times of very heavy traffic. 

On loss frequented roads, the motorman stops 
just over the point as he comes up to it, and, 
leaning over the dashboard, can alter its position 


tile noi.se made by (lie traffic over them 
'J’lu‘y form, however, oiii* of the best dofencei 
to tliat most troublesome form of wear whiel 
is oc<*asioned by tlu^ londeiiey of the othe 
vehiiuilar traffic to run close to the tram 
rails. 

The tram rails themselves form a track o 
least resistance, at which the horse traffic seem 
to aim by g(‘iting at least one wheel on a tram 
rail. Even if this be successful, unless the gaug 
of the vehicle is the same as that of the tran 
line, the other wheel will be jusc off ; and usual! 
both wheels are running off and on all the tinw 
causing excessive wear to ihe road in th 
neighbourhood of the rails, which is undul 
expensive to make good. 

Tramway Costs. The cost of laying 
street railway will be approximately £4,500 \ 
£.5,500 per mile of single line. Of this, the rai 
mid fasUmings will account for 20 to 22 pi 
cent. ; special work in points and crossings, etc 
9 to 10 per cent. ; ballast, sand, and materia 
for concrete, 13 to 15 per cent. ; paving materie 
29 to 32 per cent. ; labour, 16 or 16 per cent 
the remainder being miscellaneous. 
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By WILLIAM J. HORNER 


IN the working of timber in the shop, tliere ia 
usually some preliminary marking out neces- 
sary, and then the first tool used is the saw, 
including in the term every kind, both machine 
and hand saws. The saw is by far the most 
imj>ortant of all woodworking tools, and its 
value increases ratlu'r tlian diminishes, notwith- 
standing the great variety in modern tools. 

Workshop Economy, Careful workmen, 
no matter what class of work they may bo 
doing, always try to avoid waste of material. 
In cutting up timber some amount of waste 
is inevitable, but this may be needlessly increased 
by want of forethought in selecting and marking 
out. Small pieces, for instance, should not be 
cut from boards if it bo possible to get them 
economically out of other small pieces — the 
odds and ends left over from i)revious sawing. 
The aim should bo to have these scraps left over 
in as few pieces, and as largo as possihU\ so that 
they may be utilised for oilier jmrposes. 

In cases whe^ro th<* shrinkage of timber would 
be very objectionable, the marking ami sawing 
out of material should be dum* as long as possibh* 
previous to planing or otherwise linishing 
individual pieces to exact dimensions. If pieces 
are finislied to di missions immediately after 
being sawn, and are then allowed to stand 
while other parts are being gut out, or even if Uu‘y 
go into place iminediately, they will shrink or 
become distorted to a greater exhait than if 
the freshly-sawn pieces were allowed to stand 
for a few days to shrink and spring as much as 
possible before their tinal reduction to si7.e. 

Saws, In well-ofpiipped shops there are 
always band and circular saws', but we do not 
propose to discuss them heriS. '^I'hey are dealt 
with in the section Woodworking Machinery. 
The various saws for use by hand are always 
employed, more or less, in those shops where 
there are machine saws also, because it is often 
inconvenient or impossible to carry the work 
in progress to a machine, and in many cases it 
is not worth while. In the majorit y of instancu\s, 
also, the first cut to be made is taken across a 
board or plank, and as a rule this can be done 
only with a hand saw, or a two-liandled cross- 
cut for thick planks and squared timbers, or 
with a circular saw at the end of a swing arm. 
The last-mentioned type is used only for cross- 
cutting large pieces of timber, and consequently 
is kept only in shops where very large amounts 
of material have to bo dealt with, but even 
then the ordinary hand saw is not dispensed 
with entirely. 

' The tenon, dovetail, panel, bow, and pad 
eawa also have their uses even in the best 
maebine*equipped sho^, notwithstanding that 


thi^ larger saws, sm‘li as the two-liandled cross- 
cut, the pit saw, the rip, and half-rip, have all 
been reduced in iin])ortanee by the inerciusing 
us(* of machine saws, and by the greater variety 
of sizes in which timlRT is supplied from the 
mills, thus lessening the amount of heavy saw ing 
which the eonsuiner has to do. The two- 
luindled eross-c’iit is still very useful in the saints 
way that the hand saw is, except that it is 
enijiloyed for a heavier class of work; and most 
earpenU‘rs possess a half-rip saw for ripping witli 
the grain. The rip and pitrsaws may be regarded 
as almost obsolete. 

Saw Teeth. Saws vaiy in general form, 
and in the shape' and size of their teeth, accord- 
ing to the kind of work for which they are 
inl('iid<‘d. As a gim'ral rule, for large work, 
large typi's of saws with large teeth are required, 
and for small work the rev(^rs(‘. The teeth angles 
vary aeeonling to whether the saw is intended for 
eross-eutting or ripping, or for hard or soft wood. 
Figs. 77. 78, and 79 show the angles of ordinary 
teeth. Saws for rip})ing [78] have more hook oi 
foiwvard rake than those for eioss-cutting. The 
amount of vfY-, or i*xtent to which the teeth are 
Ix'ut slightly to each side alternately, varies, for 
the same rt'asons, from nothing to a considerable 
amount. Saw hJadi s are always made as thin 
as possible consistent with strength. This is 
heeausi^ tlu' less material the saw removes the 
more (‘asily it does its w ork. 

The Hand Saw. 'Die ordinary hand saw, 
although it is tht^ largest om; in common use, 
is the most necessary to wood workers. It is 
intended chiefly for eross-eutting, but is used for 
np])ing also, unli'ss a half-rip be available. In 
a shop Avhen* thi're is a machine saw of any kind, 
only small amounts of ripping arts ever required 
by hand. The usual length of the hand saw is 
20 ill., with live or six teeth to the inch, often 
slightly diminishing in size and consequently in- 
creasing in numlxT towards the point or farther 
(‘nd ( »f the saw. The blade also is generally slightly 
thinn<*r here than at tln^ handle, where more 
strength is required, and the back is thinner than 
the portion wh<*re the teetli are, so that the 
blade will pass through the cut with as little 
friction as possible. A good saw blade should 
bend easily, and spring back perfectly straight 
again. The bending should be uniform, indicat- 
ing that there are no inequalities in thickness and 
in tc^mper. No twists or lumps should be visible 
when the surface of the blade is viewed edge- 
wdse. Neither should there be any local slack or 
strained places in the blade. These, if tliey are 
bad, will bo visible in the want of truth of the 
surface, but they may be detected more readily 
by a peculiar rattling sound which the blade will 
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emit if shaken. The handle should be securely 
attached. If there hcf the slightest looseness 
between the blade and handle, it will become 
worse in course of time.- 

Setting. The set of a saw is the amount 
to which the teeth are bent sideways, as shown 
in 77 and 86. The purpose of this is to make 
them cut a kerf wider than the thickness of the 
blade, so that th(^ lattc'r will follow easily. The 
maximum amount of set i.s required in saws 
intendexi for cross-cutting soft wood, esjK‘(‘ially 
if the wood bti not thoroughly dry, and the 
minimum for ripping hard dry wood. There are 
a number of methods of imparting t his set to the 
teeth, and it is necessary to do it periodically, 
though not every time thi^ saw is sharptmed. 
Tiic simplest method is by means of a hand- 
set [80J. with tlu* saw held (‘ither in a vice or in 
the hand. As it is important that the <l(‘greci 
of set should bo uniform, this method c^annot 
be reeommeiided unless there is also an attacli- 
ment for stopping the set at a t;ertain point. 
Another simple way is by means of a hammer on 
a bevelled or round-edged block fSl and 83]. 
This also requires sonu? aim^unt of skill in order 
to ensure satisfactory results, though it is the 
one commonly adopted by professional saw 
sharpeners. A more exact method is by nunxiiH 
of a block and punch [82], four different beveds 
being cut across the blo<*k, and tlu^ saw set on 
the one best adapted for it. Another, suitable 
for small saws, is to punch tliein on the end of a 
V)iock of hard wood. There are also a nuinbc*.!* 
of useful appliances sold, such as 85, that ensure 
precise results. Instead of being set, teeth ar<* 
ftometimes swaged or compressed by a suital)U‘ 
appliance to an increased tbickm^ss near their 
points. 

Sharpening. Saws are sharpened by filing 
the teeth with a tiirt'e-eorncred file [87]. This 
• has the same section as tlic tooth space, and thus 
files the front of one tooth and the back of the 
preceding one simultaneously. One, two, or 
three strokes of the file may be necessai-y to 
remove sufficient material to restore the keenness 
to the tooth point, and to make the entire d(q)tb 
of the gulleting of the tooth the same as it was 
originally. T"he fil(^ is not held at right angles 
with the blade, but is tilted to produce acute 
instead of square edgtis to tb<^ tooth. It follows 
the set, therefore, alternating with each tooth, 
so that all the tectfi that lean to one side have 
acute points at their outer faces on that side, 
and all the others alternating have acute tmiiits 
on the other side. This may be seen in the end 
view [86], showing the set. I’hese angles must 
also be uniform ; and to simplify the work as 
much as possible, all the altonate teeth are done 
with the file leaning one way, and then the saw 
is turned round in the vice and the reverse teeth 
done. This transverse angle is greatest in saws 
with most set. Where there is no set, the edges 
are generally filed square. 

It is necessary also that the points of the teeth 
f|iould all be level. ITiey are mode so by topping 
with a flat file [84] before sharpening. 
Bharpciiing is always done with the saw held 
tibcih upwards in a long-jawed vice, the teeth 


projeefing only slightly above the jaws. Very 
often a pair of wood jaws, or two strips of 
wood the full length of the saw, are clamped 
within any ordinary bench vice, the saw being 
enclosed between them [84 and 87]. 

Lining Out. Work is marked out by 
various devices. For cutting down boards, a 
chalked line is used [88], which is a strained 
cord held by a man and boy at opposite ends, 
or held at one end by a bradawl and pulled by 
a man at the other. Then, being strained up 
v<*rtically at the centre, and allowed to snap 
back on the stuff', the chalk transferred from 
the line to the timber leaves a perfectly straight 
white mark for cutting by. For marking across 
boards, the tiy square a.nd lead penc'il are used 
j90]. Pemril lines are sometim(‘S marked parallel 
with an edge by using the rule and forefingers 
as a gauge [91]. 

Sawing. With the exce{)tion of the two- 
handled cross-cut [ 89 j. all the saws cut during the 
forward tbrusting st}()k(% and not when b(‘ing 
drawn back. In starting a cut, little or no 
pre.s.sure is a])pli(‘(l, but the saw is moved slightly 
i)aekwards afid forwards in very short strokes, 
guided by tlu' tliumb of the left hand [93], until 
the tetdh ]iav(‘ fairly enUued the stuff. TIwj full 
stroke is not given until the saw is well into its 
<!iit, an<l in no danger of slii)ping out. Then 
tlu‘ left band may Ix' i*(uuov(?d and used to steady 
tin* wood [92 j, or wlu*n that is not necessary, it 
may assist tlu^ right in working the saw [94]. The 
wood is held in the most convenient position for 
sawing, and means must be taken to balance or 
hold each portion so that it will remain in its rela- 
tive posit ion until tlu^ saw is eompletely through. 
Otherwise, the fall of one or both parts before the 
cut is eomplided will s])lit the remaining portion 
away. Or if, in sawing aero-?s a bo.'ird, the piece 
be HUp]K‘rted near tlu* ends, and is being sawn in 
the middli*, tiu^ severed j^ortion will tend to close 
and ])inch the saw. "J’he “ cut ” should, if 
possible, be strained slightly 0 }>en, so that the 
saw will work easily, and in working across grain 
the sawing should finish as lightly as it com- 
inence.s, beeaiist pven a slight breaking away of 
the fibres at a cqrner is often seriously detri- 
incntal. 

The most convenient position for sawing boards 
is to lay them on stools or trestles [92, 93, and 
94J. This raises them to a convenient height and 
leaves room below for the saw to work through 
them. Occasionally, only one saw stool, or a 
box, or any support about 2 ft. or more in 
height, is used, the board lying at an angle, 
u'ith its farther end on the ground ; but txvc 
Huppxu’ts, at a suitable distance apart, are best, 
Short pieces of wood are often held in the vice 
195]. but this is suitable only for cutting with the 
grain, or sawing out sweeps. A great deal oi 
sawing is done on the bench; either against th< 
bench hook [96], against the stop, or against dogi 
driven into the bS^nch, but the tenon or othe 
small saws are mo.stly used for this w*ork 
Fig. 97 shows sawing against a mitre block. 

Sawing Straight. Considerable practic< 
is neeessary l^efore anyone can saw to a line anc 
cut squarely through the wood, the latter bcinj 
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more difficmlt than the former. A straight line 
often pi'oves more difficult to follow than a 
curvtxl <^tie, because in the latter case a narrow 
saw, the course of which can be instantly changed, 
is used, while if a hand saw inclines away from 
the line it can only Ix^ brought back gradually. 
A saw may be following a line, and yet be con- 
siderably to one side of it on the. other side of 
the material — that is, the saw is not plumb. 
This is an errf)r that a beginner is certain to 
make, and should pay (‘special attention to wli(‘n 
sawing thick st.Mfl. The tendency is generally 
to ineline the handle end of the savV toward the 
side on whieli the person is standing, l^y giving 
it what seems a contrary slopt', it will then 
generally bo found to cut s(|uai-(ily, and after a 
little practice the operab^r’s eye will t(dl liim 
whether it is (uitUng scpiarc, or inclined t(» 
either side. . fhitil the eye is sufficiently trained 
to do this, tests may be made*, if lUicessary, Avitli 
a square during the progress of a cut. 

Straightening the Saw. If a saw 
is in the habit of running persistently to one 
side of a lino it will generally he found to he 
due to a rlefect in the saw itself ; eitlun* that 
the blade is twisted slightly, or the tcM'th have 
more set on one side than c^n the othci*. .\n 
untrue saw blade, or one in which the t(“nsioii 
is unequal, is corrected hy hammer blows ; 
hut if it he hammered elsewlune than in just 
the right jilacH^s it may b(* inach^ worse and 
bruised with hamm(*r marks as well. Twists 
and lumps may lx? removed by laying thi? blade 
on a flat block of medal or hard w'ooel, and ham- 
mering them down. Slack and tight jilaec's in 
the blade reejuire skilful treat tnent with a 
hammer. The princuplo is that- tight or strained 
places can be slaek<‘ned hy huiumering, which 
spreads the metal in those* parts and at the 
same time mttk(*s adjoining slack place's uniform 
in tension with tho.se winch \v(*re tight. Places 
that are slack will, if the saw he held horizontally, 
fall, or (;an he easily presseKl into n cone*avity, 
while the tight surrounding part remains hivcl. 

Planes. The three principal planes used 
by woodworker’s are the tiding, jack^ and miuHtth- 
ing planes. These are always kept on the 
vice end of the hencli, with their fore parts 
resting on a strip of wood which presents the 
cutting edges from becoming damaged hy 
contact with the bench. Thi^se plane's and 
their uses have already been described in the 
chapter on tools jpage 3385], Itiey are made 
both in wood and metal, the latter being pre- 
ferable, but as they are more expensive they 
have not yet become so popular as wooden 
planes. 

If the surface of a j)iece of timber has to bo 
made merely smooth, regardles.s of accuracy, 
the .smoothing plane is used, sometimes pre- 
ceded by the jack plane when the surface j.s 
very rough or irregular. If it has to bo planed 
truly — that is, w’ith perfectly flat faces, square 
with each other — one face is first roughed 
down wfith the jack plane and then finished 
with the trying plane. Next, an edge is planed 
^atraight and square with the true or trying 
faec. Then the gauge is brought into use, and 


the opposite edge gauged and planed parallel 
with the first. The thickness is now marked 
with a gauge, and the second face reduced 
alino.st to the gauged lines with the jack plane, 
and finished with the trying plane. Tlie ends 
arc then phxned square with faces and edges. 
In very long pieces of wood, especially in planing 
long edges, a plane a few inches longer than 
the ordinary trying plane, called a jointer^ 
is sometimc.s used. I'wo jack planes are also 
often employi'd, one for roughing dowm, and 
one set more finely for preparing for the trying 
plane. 

The Art of Planing. The shavings 
are removt^d by grasping the handle with the 
right, hand [98 and 99], and pushing the plane 
over the surface in as long strokes OvS the arm 
can conv(‘ni(‘ntly make. At tlie end of the stroke 
the plune is laised sufficiently to finish the 
shaving, and th(‘ ])larie is then drawn back and 
another cut j)araih‘l with the first is taken, or 
a step forward is itiade and a continuous shaving 
taken. In planing a long edge for a glue joint, 
or in (jther im])ortant work with a trying plane, 
the. Um’)! is mwer raised, hut a (amiinuous shaving 
is eul ah)»ig the tmtire h'ngtli, the plane bein^ 
slopp(‘d at tln^ end of one stroke and inovec 
ear(‘fu!ly on again as the operator walks bj 
the sidi' of the hoard. That, of course, is ir 
th<i finishing cuts. At the commencemeni 
tlu're is always more to he. planed from som< 
j)arts than oilu'rs. In using the jack plan< 
either one or V»oth hands are UH(*.d accordinj 
U) circumstance's [98]. In \ising the tiyinj 
plaiK' botii hands are em]>h)yod on the tool, tb 
right grasping and pushing the handle, th 
J(‘ft Ix'ai ing on tlie fore pari |99]. The smooth 
ing plains is always grasped with both hand 
|100J. Hometimes the trying plane is used on 
sho(ding hoard 1101]. I’lu' wood is then hel 
down by the hdt hand whih? the plane is sli 
on its side hy the riglit. This is for phinin 
edges, th('. alternative being to screw the woo 
in the vice [102]. 

£nd Grain. End grain is more trouble 
some to plane than longitudinal work, an 
it is always Ix^st, therefore, in sriuaring end 
to saw almost to the line, or to pare wit 
a clus(‘l so that the plane may be used on! 
for fini.shing, and not for removing a quai 
tity of mat^nial as it often is when workir 
with the grain. Care must be taken alt 
not to Jet tlie plane split the edge of tl 
wood away at the end of a cut, on er 
grain. This may be prevented by bevellii 
the (Corner off with a chisel, so that the plai 
ceases to cut before the extreme weak edge 
reached. With a little care the plane may tin 
he used on the end grain without fear of brcakii 
the farther edge away, and if it be necessary 
plane the bevel out to leave a sharp comer, t 
piano must bo turned and used in the oppos. 
direction, so that the cutting always coi 
mences at the edge and stops before the cutt 
rea,ch(is the opposite edge. For squaring er 
and cutting end grain, a mechanical trimmei 
always used in preference to a plane, if possil 
At the ends of planks, where the wood is of 
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cracked and full of dirt, an inch or so is always 
sawn off and tfirown away if the end has to be 
planed. Finishing to length is done on the 
same principle tvs the reduction in other direc- 
tions, one end being first planed square with 
sides and edgt^s, and then the required length 
marked, and a line squared across, and the 
material beyond this line removed. 

Plane Irons. The irons or cutters of these 
three planes are usually what are known as dtnihh 
irons ^ one, the iron proper, being the cutter ; and 
the other, called the hack iron, being screwed 
to it in order to stiffen it and lessen the risk 
of its tearing up the grain. In jack planes, 
for coarse work, a singU^ iron only is often 
employed, and in planes other then the thr<•^^ 
tyi)OS we have been considering, a single iron is 
the rule. The back iron is stu'ewt'd to fhc 
oth(‘r about in. or in. back from the 
euiting edge and the double iron is then 
inserted and w’cdgod in the same way as a 
single one would be [103). For adjustimuil, tlu^ 
irons, after tlu;y an? wedged, an^ ta])ped forward, 
or on either side, by a hamm(‘r, if tlu* edge be 
out of square wuth tlui sole, or, if it j)roject too 
much, tlio plane is givt'n a blow on the fon^ 
part. This causes both iron and wedgt' to move 
back and consequently become loos(‘ned slightly, 
so that a tap on the \v<idg(‘ is then ncccstitiry to 
tighten it again. Striking the i)lant‘ on the 
fore part is also the method adopt <‘d for g('lting 
the iron out to sharpen it [104]. The smoothing 
plane, being very short, <!an bav<^ its \vedgt‘ 
loosened more readily by a blow (Ui the back 
[105]. The beginner who is not skilful in 
using a hammer should be as car<*ful as possil>le 
not to briii.se the plane in doing this. In tin* 
trying and ja<!k plane.s a good jilaii is to bore a 
hole about I in. diam(*ter and about 11 in. 
from the end of the ])lanes, and, say, l.J in. 
deep, and to insert a hardwood phig wdth a 
rounding toj) standing about I in. above the 
surface, and use this plug to hamriu‘r on. 
The wedges of moulding and rebate ])lanes are 
generally made of a shape that can be knt)eke<l 
back directly [108]. The cutters of iron pl^nc^.s 
of the large class care adjusted, and tightened 
and released, by screws, cams, or levers, so that 
4ianimcrs are not used on them. 

Sharpening Plane Irons. Plane irons 
are ground and sJuirpencd in the same way 
as chisels, and to the same angles, but one 
important thing in the grinding and sharjiening 
of the irons of the jack and smoothing planes 
which can be disregcardtsl in chisels, is to impart 
a slight curve to the edge, so that when projecting 
l)elow the sole of the plane they w ill cut a shaving 
slightly thicker in the middle than at the sides. 
At the extreme sides, in fact, the shaving must 
taper to nothing, and the corners of the iron 
must not touch the timber, otherwise they would 
leave unsightly ridges. In the trying plane 
iron, however, which is required for accurate 
work, the cutting edge must he as str^^ight as 
possible consistent with the above-mentioned 
requirement. In the smoothing plane slightly 
more rounding is permissible, and in the jack 
plane, especially if used for very coarse work, 
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A good deal of convexity, often yfb in. or more, 
is given to the edge, because thick shavings 
can then bo cut without difficulty. In a jack 
plane used for ordinary work tlie middle pari 
of the cutting edge should project about ^ 
below the sole when the corners are still within 
Fig. 107 shows how the parts of a double iroi 
are screwed and unscrewed when taken out fo’ 
sharpening. Fig. 108 shows how an iron is hel< 
during grinding. In grinding and sharpening 
the amount of curve present is tested by restin) 
the edge vertically on a flat piece of wood an< 
holding it up to the light to see exactly to wha 
extent the eorners are ground hack [109]. A plan 
iron curved the opposite way, or hollow, will no 
work at all, as the shaving.s will corrugate an 
choke the ])lane niouth. 

Regarding the angles for grinding and sharper 
ing. plain's for soft wood may have more aciit 
cutting edgt‘.s tlian those for hard wood. I 
all east‘.s tin* angle .should be as acute as wi 
stand usage for a reasonable time withoi 
resharpening. The angles range from abo\ 

to 2r> degrees with the sole of the })lane, tl 
iron itself i)eiiig st‘t in the plane at an angle ' 
about 50 degrees. 'Phe ground or bevelled pa 
t>f the entt(‘r in this (ia.ss of planes, and wii 
only one or two unim})ortant exception.s in i 
planes, is downward 1 103]. Fig. 110 shows hr, 
an iron should be held during sharpening on i 
oil.stone, and 111 shows how the burr should 
rubbed from the face. 

ChoKing of Snavings. This, a.s alroat 
mentioiu'd, may be caused by an irrcgulai 
ground iron in which the corners project t 
much. It n(*v(‘r occurs in coarse jack iilar 
wiic're the culling edge is vvvy rounding, 
may also b(' caused by a very obtirsely-grou 
iron, or by an uiilruo .sok', or, in a few instanc 
ill new planes, as a r<*sult of trying to plain 
shaving thicker than will pa.ss through the mo»: 
<*asily. If it be dui^ to the last-mentioiKid cau 
the defect soon cures itself, boeauseas the moi 
w^ears bade it w'klen.s, and the ii'on also i.s gen 
ally thicker at the end than further back, o 
so becomes thinner at the mouth as it wei 
The width of the* mouth can easily be increa, 
with a ehi-sel or lile. hut it .should be toucl 
only at the narrowest part. For doing 1 
w^oik a narrow' mouth is necessary, and wl 
in a w'ood plane the mouth has greatly increa 
in width through the w'caring bai'k of the s 
workmen find it advisable to reduce it 
by in.se rtiiig a block of hard wood in the sok 
front of the iron 

Truing a Plane. The soles of all pla 
should be perfectly true. This is especii 
important in the case of the trying pU 
which has to plane other surfaces true and 
a large surface of its own which will get on 
truth more readily than a small one. I 
necessary therefore occasionally to shoot or p 
it true. I'his is always done with the iron 
w edge in place, but the cutting edge, of coi 
kept within the mouth, so that the body of 
plane is in its normal state. The sim] 
and most expeditious way is to pass it « 
a finely-set jointing or planing machine , if 
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be available, but if not, it is screwed in the 
vice, sole upwards, and thtn shavings are taken 
off in the ordinary way with another trying 
plane. The surface has to be carefully tested 
with a straightedge and winding strips to 
ascertain whence to remove shavings. Soles 
are hardened and lubricated by the application 
of linseed or other oil which is allowed to soak 
into the wood. New planes are blotter, also, 
if they are protected from dirt by two or three 
coats of shellac varnish. 

Testing Planed Surfaces. An ex- 
perienced man secs a great deal with his eye 
that beginners have to find out by testing 
with instruments, and so the former will inakt* 
a surface approximately true before he begins 
to test its truth. The degree of accuracy , hoAv- 
ever, must ahvays be verified by instruments in 
all cases w^lu^rc accu- 
racy is of import- 
ance. The chief instru- 
ments used are 
straigMedgf^jff wind {71 g 
strijTs ands(/M«rc.s’ [112- 
1 14]. Straight edges 
are long strips of 
wood wuf.h edges per- 
fectly straight, so 
that th(»y can be 
used for testing other 
pieces. The piece of 
wood being opera t(‘d 
on may be tested 
Avitb them lengthw ise, 
transversely, and 
across corners [112]. 

When the siirfaci' is nearly true, the sliaiglit- 
edge is generally chalked, and th(^ chalked edge 
is rubbed across the surface at various points, 
leaving marks of chalk on the high ])lac(‘s that 
require planing down. For tc‘stiiig a hoard 
transversely, the edge of a steel bladed sijuare 
is more convenient than a wood straightedge, 
because, being thin, the light, can be seen under 
it where there are hollow places in the surface 
[114]. For testing long pieci‘s lengtliwise the 
<»ye alone is often sufficient, espiM’ially if the 
piece be so thin that it bends easily ; but if 
not, a straightedge as long as the piece must be 
used. To test whether there is any twdst or 
wind present on the surface, winding strips 
are employed [113], or if the piece of wood is 
of considerable width, a straightedge may be 
tried across the surface diagonally from comc'r 
to comer [112]. 

Testing with Winding Strips. In 

testing with these, the eye is really the judge, 
but the strips exaggerate the amount of twist 
so much that the eyi? requires no training 
to see it. Winding strijis are simply two 


parallel straightedges which are placed on edge 
across the piece of wood to be tested, as shown 
in 113. The strips, being considerably longer 
than the width of the wood upon which they are 
placiHl, follow the inclination of the surface at 
each end and extend hiiyond the edges, so that 
Avlion a glance of the eye is cast along from one 
end over the top edges of the strips, it is easy to 
see whether they an* parallel, or whether one 
clips one way and the other the opposite Avay. 
miey are tlu*n taken off and shavings are. planed 
off the high eorners of tlie surface until the strips 
show that the twist in the 8urfa<*e has been 
removeil. 

Planing True, Tn all pieces of wood that 
have to lie aecunit(‘ly planed one of the surfaccvS 
must first be nuuh; true by tests of this kind. 
Nearly all hoards are more or less curved trans- 
versely, and it is best 
Avhen they have to ho 
planed to a definite 
thickness to true the 
hollow side first, be- 
cause if the edges 
arc not x>lanecl under 
thickness it Avill then 
l>e certain that the 
middle part will hold 
up ; and, because, if 
then? is much to be 
planed off, it is best 
to take must off the 
rounding side to cause 
it to slu'ink more 
th(‘re an<l counteract 
the i(‘ndeney to curve. 
])liined trui? the scpiare 
is used on an (‘dge to gi?t it exactly .at right 
angles with the true surface, and a straightedge 
may be used to find when the edge is straight, 
'riieii gauges [115, 116, and 117) are usc‘d to 
mark lines ])arallel Avith tliese planed surfaces, 
and straightedge t.(‘sls arc no longer necessary 
except transversely on the opposite surface, the 
})lane Avorking to the gaiim*d lines. In all work 
Avhero planing and cutting Avilh ehis(ds are <'on- 
cenied, lines are, as a rule, gauged or scribed 
and not p(*nciiled, because a pencil line is not 
accurate enough. Pencil lines are priderred 
for sawing by because they can be more easily 
seen from a distance and because saAving cither 
presupposes rough Avork, or Avork that must 
have further lines marked aftiTwartls for finishing 
to. Tn many eases finishing lines arc scribed, and 
tluA^aavv k<*pt well to one side of tliom. 

Kveii if dimensions are unimportant, true 
surfaces and accurate angk?s are always csstiitial 
in fitting work together. They make the chief 
difference between good work and bad, and are th:; 
main difficulty which the beginner must master. 
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For the chromatic scale, begin on the lowest 
string, E. Keep the fingers o8 it. Strike with 
the ri^ht thumb. Put the first left finger 
db^ firmly on the first fret. Strike the string. 
This gives P, a semitone above. Put the second 
finger on the second fret. The note produced 
will be F;jj|. Put the third finger on the third fret. 
The sound is G. Now place the little finger as 
firmly as possible on the fourth fret. Thi.s will 
give Gt Do the same thing again with the 
fifth string. The notes A, Aj, P, C, and C ^ 
will result. Continu('i on the fourth .string. 
D, Djt, E, P, and will be obtained. Take 
the third string in the .same Avay. Note that 
the little fing<*r is not used with the third string. 
The sounds will be G, G A, and AJ. Proceed 
to the second string. Again iisfi all the four 
fingers. The effect Avill be B, G, D, and Dtf. 
Lastly, go without interruption to tlVe first string. 
Use all four fingers of the h^ft hand. The sounds 
played will be F, F, FJ, (i, and (1 j'. 

Meanwhile, the left hand fingers used should 
be the first and second altc^rnately — not thii 
thumb. The left thumb is never employ <‘d to 
stfjp any of the string.s. It i.s kept underneath 
the neck to enable the four fingers above to 
articulate the notes firmly and gracefully. 

It is not advisable to make a pivot of the little 
finger of the right hand, as beginnc'rs are apt to 
do, by resting it on the soundboard. Keep 
the litllo finger up ; this allows tlie right hand 
to become light and liissom. 

Having ascended tin? scale, go down the 
gamut in the same way. Tlie puf)il Avill now 
have executed tlu* chromatic scab* of 2.J octaves, 
and have learnt the fingiu ing of each lialf note. 

Xhe Natural Scale. By r)rnittirig all 
the sharps, but keeping to the sanuj lingering, 
proceed to practise the natiiral scale'. When 
this becomes easy, vary it by ii.sing the first 
instead of the sf'cond finger, and tlu^ .second 
instead of the third, .so as to get more tone, 
Avherever (as on the fifth, fourth, and tliird 
strings) the first finger Avould otherwise play a 
sharp in the chromatic^ scab*. The hand is thus 
shifted temporarily to the second position. 

One of the groaU'st difiicult ies in guitar jfiaying 
is usually n'garded as the ability to finger all 
the scales and chords correctly in tlu^ dilTerent 
positions. Professor Prout, in Vol. I. of his 
“ Orche.slra,” emphasj.ses this. But the great 


guitarist Duverhay points out in his ** Method ” 
that if the studemt studies well the natural scale 
of C major, and learns the fingering carefully, he 
can make the same fingering servo for all the 
other scales and chord.s by transposition. Wo 
give below the manner of fingering (J. [FiX. 1.] 

Kemember alw^ays in scale playing, whetlu'r 
cliromatic or diatonic, that whereas four lingons 
may Ix' necessary for all the strings except tht* 
third, three siiftiet? for th(' G, or middle string, 
because it is tuned a fourth below' B, whilst all 
the others are in intervals of fifths. 

The Shifts. If the first finger is u.se!d for 
the second fret, the hand is wliat is called in the 
second position, or shift. Jt is in the third, 
fourth, and so on, up to the fifth position, as the 
first finger stops the apposite fret. 

VV’heii the student has made ac({iiaintan(X^ w ith 
these diffen'iit positions, he will proreed to play- 
ing what is knoAvn as h;:rrt\ IMaee the first 
finger of the left hand .-leross the neek of the 
guitar, so as to sto]) lufae strings than one at 
a time. Strike the s‘ rings. It will be ob- 
serve<l that those which ai<' sto])fX’id are raised 
equally in pitch. By this simple device many 
pa.ssHges in guitar inusie, which would be otlicr- 
w'iscr difficult to (execute, are made easy. 

Th(‘ effect knowm as (5rand Barre is so-called 
W’^heii the first finger is laid acro.ss the finger- 
board and tlui other three disengaged fingers 
are used to stop the strings as reijuired, five 
or .six strings bc'ing sounded as an arpeggio or 
eliord. Little Barre is obtained by laying the 
lirst finger across nu'rely a few strings, so as to 
slop a chord from tlu^ first to the fourth string. 
This plan of .simplifying the playing is indicated 
as “ 2 P.B.,” “ ‘1 P.B.,” and so on. 

Capotasto. An easy method of raising the 
])itch of th<> guitar pi'rinaiiently at any given 
frt't IS to screw over the stiings on to the finger- 
board an artificial lieadstop. By this contriv- 
ance the piteli of all the strings is raised, and the 
c'lear effect of fresJi open strings ri'tairu'd. Tins 
temporary nut is calleiJ tlie f or 
“ Gapodastro,” its u.se being denoted by the 
Avords “ eon ea))otasto sulla .‘1 P,” 4 P, or Avhat- 
cA'i'i' position is required [2]. 

The adA^antageof this will l>e evident whcai the 
])layer is asked to aei'onqiany a song in a higher 
key than that gi\x'n in the music. With thi^ eaj)o- 
tasto he can play with ordinary lingt'ring and 
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Scale of D major 






* [And so on through all the Major Scales, the first finger of the left hand shifting up one fret at a tiiucj 








2 THE f APOTASTO 
n. Itody li. Pe|L( c, peg. 
string d. Leather 


use the open strings^ although the key^ has been 
changed. For duet playing the capotasto 
enables two guitars, one with and one without 
the artiricial headstop, 
to play concerted music 
which usually would be 
rendered by a mandoline , 
and guitar. Allusion to 
the capotasto has l)een 
made to emi>l[ia8ise the 
desirability, when jilay- 
ing barre, of the learner 
putting his lirst linger 
down with weight, so as 
to make it do temporarily what the capotasto 
does — i.r., caus(i the tones of the strings to re- 
semble ns closely as possible those of oj^eii notes 
produced by the stress of a natural top-nut. 

When a note, or group of notes, ascending, is 
glissed^ pluck the first note with the right hand. 
The lingers of the left hand slide firmly to the suc- 
ceeding note, and cause the sound to ascend as the 
vibration continues. When this “sou jiorte,” or 
“ carried sound,” is des(;ending, afterslriking the 
first note, slide the finger in the opposite* dir(*etioii, 
faking care always to change tingc*ring 

correctly as each succu^ssive fret is reached. 

In the slur the lirst note is struck l»y the 
right hand. The fingta's of the left liaiid must 
stop those notes which succeed as strcaigly as 
possible, and “pull ” them pi/zicato fashion. 

Harmonics. Harmonics are made by placing 
one of the fingers of the left Jiand wry lightly 
over the fret, and playing with tlu^ thumb or the 
first linger of the right hand. The best nat ural 
harmonics are those of the third, foui’th, fifth, 
seventh, ninth, and twelfth frets. Although the 
left hand stops the string gently, the right hand 
strikes forcibly and close to t lie bridge. Harmonies 
“ a double doigter,” or produced Avith two lingers, 
are made by stopping a note lirst in tlie usual 
way. At the same time, the light thumb touches 
the middle of the string lightly, whilst the lirst 
right finger strikes the string uiuh'rneath. This 
produces a sound an octave higher than the 
natural tone of the string stopped. 

A characteristic guitar elfect is the Tmrl. 
In this the thumb forms the centre of an ima- 
ginary circle, and the tips of the other lingers 
twirl round it so that the right hand makes a 
convolution by swex^ping all the strings in suc- 


cession above the nm of the rosette, or sound- 
hole. If done properly in chord playing, the 
trick is delightful. 

Another subtle conceit, or piquant effect in 
chord pla 3 dng. Lea Onglea, is made by running 
the finger nails of the right hand lightly across 
the strings from right to loft. 

The Tamhour, or drum effect, is executed by 
raising the right hand a span over the sound- 
board, and dropping the side of the thumb with 
a free action from the wrist across the strings close 
to the bridge. 

Again, for the effect known as Cornt, strike 
energetically with the thumb and first finger, but 
with a closer action quite near the bridge. The 
effect is supposed to resemble the sounds of horns. 
‘‘ Corni ” is also played by using the tips of the 
nails close to the bridge, or a single horn is imi- 
tated by all the notes of a phrase being sounded 
by the nail of the first fingtT on one of the silver 
strings. , 

Son Etoufjt is a sudden damping, or stifling, 
of chords when they arc struck. It is done by the 
lingers being r(‘])laccd immediately on the strings 
after striking lln*tn, or the suddiui staccato is 
obtained hy employing tlio wliole of the right 
liand t o (lamp the sound. This effect is marked 

Vibrato is not ])nssible on the open strings. It 
is doiu* by making each of the lingers oi the left 
liand, after stopping a note, tremble firmly and 
ev(‘nly on the si ring. Practise making this motion 
slowly at first. A player capable of making a good 
vibrato, especially with his weaker lingers, pro- 
duces a bet t(‘i' quality of ton(^ than an amateur less 
accomplished. Although, tlicorctically, a throb- 
bing sound is oppcisod to the production of a 
pure and equal tone, it has a peculiar charm on 
th(5 guitar, and good players who are able to 
make tlie not(‘S pulsate can render entire pas- 
sages unusually expressive. 

The Tremolo. The tremolo is a rapid 
rojietition of one or more notes struck alternately 
by the thumb and first tlngc^r of llu^ right hand, 
tlie sec<jnd and first linger, the thumb and second, 
the thumb, second, and lirs*t, or by varying the 
ordt'r of manipulation in other ways. Practise the 
different iiu'thods of tingering for the Tremolo 
systi^matieally. The exercise adds to the sujiple- 
ness of the right hand. It is as useful as is the 
practice of the vibrato for each of the left lingers. 

Guitar concluded 
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THE ZITHER player. In playing, both thumbs are used, the 

For zither notation two staves aro employed. only fingers unemployed being the fourth on 

One is for the melody and the other for the both hands. Place the thumb and threi^ fingers 

accompaniment. Both are usually in the treble of the left hand on the frets of thi,' fingerboard, 

clef. There are two methods of tuning — the first In sounding a note bo eoreful to incline the left 

is that adopted in Vienna, and the second that fingers to the right inner side of each fret, otlier- 

in Germany. We will confine our attention to wise the tone will not ho good. While the left 

the now general Gi^rman method. fingers form the nob's, the 

Tuning. The first string on the fingerboard melody strings are plucked 
nearest the player is of steel. It is tuned to A, by the right. Ihumb. Over 

second space treble clef, as is also t)>e second this is worn a clip of 

string, the object being to get reiterated cfTccts man silver ('iiding in a 

from Uvo strings in unison. Brass wire is used prong, called a zitlu'r ring, 

for the third string. This is tuned to D below Tlie uj)per portion of this 

first line. The fourth string is of steel overspiin prong forms a semicircular 

with silver wire. It is tuned to G below sc^cond band of the thickness of an ordinary ring. The 

ledger line. TIkj fiftli is of brass ovorstmn wuth clip goes ovc'r the base of the thumb-nail, the 

copper, tuned to C below fourth ledger line. prong be ing iindcrneafh, and protruding to 
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Next come the accompaniment strings. Of tlie left [3]. When at rest, the position of 

these there aro 1.3. The first, second, fourth, the right thumb is for tlie jilcotrum to he 

sixth, seventh, ninth, eleventh, and twelfth are over the middle melody string J). The fiiNt 

of catgut ; the third, fifth, eighth, tenth, and right finger should rest on tlie second win^- 

thirteeiith being of silk covered with wire. The covered aci funpaniriKuit string, place the 
contrasting substances of the strings arc eintiloycd second linge r on the tliircl wire A, the tliird 

not merely as a help to the player, but have a finger on tlu' third bass string F, and allow the 

peculiar effect on the individuality of the zitlKU' fourth linger to riunaiii fn'e. It should follow the 

tone. Beyond the 13 accompanying strings are movement of t he third, and not lie rested on 

tho 13 bass strings. These are all of silk, covered the tailboard -- a bad habit contracted by 

with wire and of a thick<‘r gauge, .so as to careless ]ilayers. Kiyp the joints of the lingers 

give the deciper sounds. Tho diagram given straiglit. It is the sides of tlie fing(‘rs and not 
shows the complete scale. the nail.s that havt* to come in contact with tho 

Position of the Player. I’lace tho strings. Therefore do not appear to attempt 

zither on a table of hare wood. If the table rests to pick up the strings by curving tho right 

firmly on the ground it magnifies the sound of fingers. On the contrary, endeavour to press 

the instrument. The zither should be put them [4J. Thus, rest the third finger heavily on 

obliquely with tho fingerboard towards the tlii^ F string. Now, when the finger is removed, 
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3. ZITIIKR RING 



the of its slipping of! will cause the string 
to vibrate. The third finger should fall against 
the next string on the left, B!>, and impel it 
aim Ob c 
against 
its neigh- 
bour. But 
no sound 
other 
than the 
F will bo 
heard. 

Finger 
pressure 
must bo 
regulated 

according 4. FrN(!Kii tm^sitton 

to the 

thickness of the string. For instance, it will not 
bo necessary to use the same d(‘gr<‘e of foree if 
the second right linger is pressed stifHy against, 
the third accompanying wire. A, hecauso that 
wire is of quicker utterance lhaii the F. 

Having made this motion, try to play tw'o 
strings at once wnth one linger. Rest the lirst 
finger firmly on the second wire, or fifth accom- 
paniment string from the l(*ft i*. Now ])ass it 
quickly from the C to the F, or the catgut string 
on its loft, so as to sound both simultaneously. 
In doing so, the finger motion must finish on the 
third string, the digit resting (irmly against 
it. A little thought w ill cause the pupil to realise 
that the arrangeimait of the accompanying 
strings admits of common chords and their in- 
versions being played by two instead of three 
fingers. The pressure of one finger wdien passing 
to an adjacent string should be so rapid that 
the sounds of the tw o are merged. This would 
not bo possible were tli(5 aeeornpaiiying strings 
not tuned in fourths and lifths as tliey arc. 

In using the sjitlier ring, play gently at first. 
Fulness of tone must bo acquiied evenly and 
gradually. It is easier to develop a forfe. by tJio 
slow and sure method than to la'gin carelessly 
and learn afterwards to play with dt'licaey. 

Fingering. Fingering in zither music is 
indicated by a -\- for the thumb, 1 for the first 
finger, 2 and 3 for the second and third, and an 
0 for an open string. 

Before the fing('rs get accustomed to their 
duties and gradually harden, excessive practice 
W'ill do more harm than good. Progress wull 
be more rapid if the pupil practises for half 
an hour on the first day, and adds an extra 
quarter of an hour the second day, and so on up 
to a maximum of two hours, ratlier than if ho 
tinkles upon the instrument during the whole 
of his evening leisure for the first tw^’O or three 
nights, and then lay the instrument aside in 
disgust. 

Positions. There are six positions on the 
fingerboard in general use, besides three others 
more rarely employed. 

For the first position, place the third finger of 
the right hand on the first or second fret, the 
second finger on the third or fourth fret, the first 
finger on tiie fifth or sixth fret, and the thumb 
on the seventh or eighth fret. 

3764 


For the second position the third finger now 
comes on the third or fourth fret, the second 
finger on the fifth or sixth fret, the first finger on 
the seventh or eighth fret, and the thumb on 
the ninth or tenth fret. 

For the third position, the third finger is placed 
on the fifth or sixth fret, the second finger on the 
seventh or eighth fret, the first finger on the 
ninth or tenth, and the thumb on the eleventh 
or twelfth. 

C^ontinue in the same way, moving every 
finger up one or two frets each time, so as to 
heeornc^ accustomed to the fourth, fifth, and 
sixth positions. The player should make out 
a diagram, numbering and lettering the notes 
of each position. Got to know them automati- 
cally, so that any note indicated in tlie music 
may he pn)du(x*d wuth certainty. The less 
the fingers arc shifted, the smoother will be the 
(effect. 

Double Notes. Tn playing double notes, 
hold l.lu‘ left hand obliquely towards the right. 
In th<‘ higher part of the scale, thirds are played 
by ])utting the left thumb on the first A string, 
and Ihe s(‘eond linger on the second A string. 
Practise sliding IIk^ fingers ; do not lift them 
when passing from on(‘ frt'l lo another. Tn playing 
sixths, tJjc two A strings are not used togetlicr ; 
the lower note reejuired will be found on the 
string next to that wJiieh produces the higher 
note. Octaves, like thirds, are always played 
with th<^ Duimh and s(‘cond linger. The ease 
with which a glissando, or sliding over inter- 
vening frets beUv('en two not(‘s, is produced is 
one of the greatest charms of tlte zither. I^iis 
elfeet, n(‘\t to the portamanto in singing, is indi- 
cat <hI slur in tlie music. In maldng the 

slide, first put tlown th(‘ thumb delilx'rately. 
Tlum turn it ov('r, so that tlui nail juay touch 
the .string. Do notlmrrv. After the ring on the 
right tliumb has caused the string to vibrate, 
the soiuid w'ill ascend or descend naturally 
according to the movement of the left tingcT, or 
lingers. lAvo notes linked togethtu* in tlic music 
by a slur must be played on the same string. 

careful not to rcunove the thumb after a 
glissando until the note has sounded its full 
value, or the charm w ill he destroyt^d. 

Wlien an open string is struck with the right 
thumb, and the interval to be slurred up is a 
big one, do not slide the whole length. It is 
Is^tter to make the glide only in the higher 
section of an interval in ascending or the lower 
sc*ction in d(‘S(;(‘nding. Take care to touch the 
string very lightly at first, and increase the 
pressure gradually. If the interval is a long (She, 
the thumb ring must be used a second time to 
mark its conclusion. 

The ShaKe. Tlio shake is not so easy to 
execute on the zither as on the piano. When 
made closely and rapidly, its charm rewards the 
player for the time spent in practising it. Place 
the second finger on the note indicated in the 
music over which is printed the sign Then 

E ut down the thumb on the next fret, or the next 
ut one, os may be necessary for the trill. Press 
the tip of the first finger against the thumb to 
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Steady the latter. Let the thumb and wecond 
finger rwe and fell alternatel}^. Practise the 
shake slowly at first, evenly, and accelerate the 
speed gradually. 

Vibrato. There are so many charming 
effects to be obtained out of this instrument that 
its admirers have not yet decided which is the 
most beautiful. But mam of them maintain that 
the zenith of the zither’s sublimity is onU rcaeh<;d 
through the magnetic vibrato tone of which it is 
capable. Place on<^ of the loft fingers on the 
requisite note. Move the finger from h'ft to right, 
backwards and forwards, from the tip. '^^h^^ 
motion must not Ix^ made from right to left. 
Avoid jerking the strings. Thi* pla\er who om'e 
contracts the bad habit of making the strings 
shake, will find it difficult later to oun^ himself 
of that defect. What is wanted is a sense of 
rapid but gentle pulsation — not a series of 
spasmodic? jerks. Th(^ qrick('r the vibrato, 
if done in a smooth manner, the better will it 
sound. By its means the tone of any of the 
melody strings may be prolonged, the continuous 
trembling caused by the motion of tlu' metal 
wire impinging on the metal frets se(uning to 
reinforce the sound. 

The sound of tlic strings is diminishefl w'^hen 
the word “ f/u/oe,” or is indicated in the 
music, by advancing the right hand over the 
eireiilar hole in the sounding board. Wlrit is 
known as the harp effect is thereliy obtained. 


Bell Notea. What are known as hell nott§ 
are of two kinds — natural and artifioial. To pro- 
duce the former, place the thumb lightly on tba 
string abov'c the requinnl fret, exactly over it 
instt'ad of a little to the right, as for notes which 
have to be stopped firmly. Sound the note with 
the right thumb by the “ ring.” Bell notes aro 
also called flageolet tones. They are harmonics, 
and sound an o(^tavc higher than WTitten, 
Natural bell notes are produced by touching 
liglitly the open strings at dilfercmt points. The 
artificial harmonics made by stopping certain 
frets and then touching very lightly a higher 
fret with a dis<*ngaged linger. 

Tf th(‘ pupil lias memorised tlio names of each 
of the accompaniriK'nt and bass strings so as to 
associate them instantly with the notes that 
rejiresent them, he will bt? ready to practise what 
is known as a running accompaniment. In this, 
each note is articulated separately, beginning 
on the low'cst string. Major chords or arpeggios 
pri‘s(‘nt lilt Ic! diffi(*u!ty [Kx. 3]. Minor chords are 
easy to produiu' if tlu^ neet^ssary third is sup- 
plical by thc‘ melody strings. The right hand then 
plays as if for the major chord, witlioul using the 
second finger. Kctq) the riglit hand (piiescent 
w hen playing f n II chords. Pn*ss slight ly w it h the 
lingers. Witlidraw' them d(‘Iit.ately. In staccato 
eliords tlu* ting<‘rs must lx* taken off instantly 
after making tlio sounds. Replico them imme- 
diately on the strings to damp the vibration. 


Zither concluded 
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Mine Tubs, or Corves. The system of 
haulage most suitable to the conditions of 
■working having bf»en selected, it remains to 
descrilK? the vehick*s em|»loy(‘d to convey the 
materials from what is known as the workimj 
facfi to the bottom of the shaft. For this pur- 
pose stout iron carriages, or tubs, arc employed^ 
altliough wooden ones arc still used in some of 
the Cornish mines aiid in several collit*ries. 
Numerous devices have Ikhui sugg(*sted for attach- 
ing the tubs to the ro])e, where rope haulage is 
employed. Tht^se usually take the form of a 
friction clutch, although in such castes the wear 
of the rope is apt to V)e considerable. I’he chief 
trouble arises, howiivcr, from the fact that the 
roads arc apt to bo dusty, and great difficulty is 
therefore experienced in keeping the axles and 
bearings frixj from dust and properly lubricated. 

Winding. INlethods of winding liavi^ m*ces- 
sarily to Is* modified by tin* 
various ta('tors to In* eou- 
sidered, such 
as depth of 
shaft, nature 
of materials, 
V , etc*. In coal- 

.!> ^ mining prac- 

tice the tubs 
ai(^ run into 
the cagi's previously des(*,ribi*d, and 
drawn to tin* surface' by a ro[)e wbieh 
winds round the drum of tlici winding 
engine. A tyfuc-al shaft, w'ith cag<‘s, 
and the road leading from the work- 
ing to the bottom is illustiated in 99. 

Some of the methods of attacliiiig 
the rope to thc^ cage arc highly 
ingenious ami wenthy of being de- 
scribed. The read(‘r wall readily appre- 
ciate the necessity for the cuppimj, 

I r as it is termed, being performed w ith 
^ the utmost care, as, wlieii the miners 
are being raised or lowered on their 
W’«ay from or to their work, their livr*s 
often flepend almost entirely upon 
the security of the capping. When 
wire ropes arc used, the method is to 
iinfraythe strands and to bend them 
bank u|)on themselves. This gives the 
end of the ropt^ a bulging, conical 
shajK', and it can then be slipjied 
into a conical sleeve, or soeket. The 
greater the stress on the rot>e, the 
more firmly is the end drawn into the 





socket, and this method of attachment has been 
found, generally speaking, very effective. 

Just as the strength of a chain depends u^n 
the strength of its weakest link, so, theoretiesuly, 
the strength of a Avire rope depends upon the 
strength of its wt^akest strand. In practice, how- 
ever, ilio margin of strength — that js, the reserve 
resistance to breaking stress<;s over that which 
in practice the rope has habitually to endure — 
is su(*h that it is permissible to have a few 
strands broken, provided the number does not 
exceed the percentage allowable for the par- 
ticular tyi>e of roi)o used. The best ropes are of 
erueible steel wire, wound round a core of best 
manilla hemp, tlu^ winding being done in such a 
manner tliat tlu^ more tightly the rope is draAvn, 
the more firmly do the strands of which it is 
composed interlock and become compacted. 
These ropes r(*(juire liberal lubrication with 
carefully selected c»ils, free from acids which 
would cau.s<* <*oir(>si<»n and speedily ruin the 
rope. K('p(*s of this description have been used 
for many years past at rrizbraru, where one of 
tin* shafts hns reachecl tlie stuj:)4*ndous depth of 
;hb42 ft. '^rii(*se rofx's have a tensile strength of 
114 to 120 tons per s<piaro inch. 

Safety Catches for Cages. Wlien the 
cage has be(;n raised to the pit-mouth it muvst 
I.K* secured, so that all risk of its falling back 
in the shaft- may be avoided. This is effected at 
many collieries by an automatic device called a 
kf p, which practically consists of an iron or steel 
st<*p, pivoted or hinged in such a manner that, 
although it can be lifted up by the passage of the 
rising cage, it cannot y i(^ld in the opposite dircetion 
unless cleliberatcly liberated by a hand lever. 
Once the cage has passed it on the upAvard 
journey, it forms, therefore, a secure ledge, or 
sb^p, upon w'hieh the cage can bo brought to rest 
for the })ur})Ose of unloading. 

Needles.s to say that the number of devices 
Avliich have been put foiavard for the above pur- 
pose is considerable, but most of them differ 
only in some slight detail from the foregoing, 
the principle of Avhich is almost universally 
adopted. In “ diggings of a primitive nature, 
Avhen both the men and the materials are raised 
ami loAvered by a bucket worked by a windlass, 
the simple expedient of placing a plank across 
the mouth of the shaft, once the bucket swings 
clear, answtjrs the purpose atlmirably. 

Human ingenuity has also been abundantly 
displayed in appliances for preventing “ over- 
winding ” — an accident of a very serious nature, 
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as, in addition to the 
loss of life it may 
entail, the whole of 
the pit " frame may 
bo almost irreparably 
damaged. 

Winding Engines. 

A brief description of 
a large stoaiu-engino 
recently oxhibit<d at 
the International Ex- 
hibition at Liege will 
Biiffico to acquaint the 
reader with the size 
and pow(‘r of the 
engines employed at 
the present time. The 
engine in question is 
shown in 100. It lias 
a drum ft. in dianw'ter, and is eapable of raising 
nearly four tons of coal a distaiiec* of yd. at 

a speed of l/>yd. to 20 yd. p(‘r second. With 
central condensation, and working under favour- 
able eircumslances, this engine will give results 
which, it is claimed, are not surpassed by those 
of any eleetrieal ifistallation extant. Of Iat€^ 
years winding imgines driven electrically have 
been adopted at most of tht^ largo eolUeriivsr 
abroad, and are rapidly making progress in ibis 
country. 

A point of great importance in winding is the 
position of the winding engine in ri'lation to th<‘ 
pit- head giMxr. if too close, the inelination of 
the ropes may Ik? such that the pull on the frame 
is too great, and it may lie drawn backwards 
towards tho imgine. On the other hand, if the 
engine be too far away, the jKiwer is not a]>plied 
to tile best advantage, and scaioiis wasU‘, ensu«‘s. 
Tho best authorities claim that the distance of 
the drum from tho ctaitro of the shaft should lie 
from one, tooiKJ and a half times tlie height of the 
pit-head frame. 

Pit-head Gear. Over the shaft is er(‘( teil 


th<‘ pit li<‘ad g(‘ar and frame, w hich in its essen- 
tials practically amounts to a. tripod, supporting 
at its apex tlu‘ ]mll('y over which the Avinding 
n)pe pass<‘H. Actually, the pit-hea,tl is a mueli 
more eomplieateil device, and s(*rves not only to 
support tlie ])ull(y, but also to house tip])l<^s, 
ehuP's, and, at times, crushing jilant to deal 
with the minerals raised. In 101 is sliown the 
shaft ro(^k house at the e<‘h‘brated Tamarack 
copper-mine at Calumet, Michigan, U.S.A. 

'Die ears lia vi' a capacity of about two and a 
half tons, and th(‘ rock is dumped into skips and 
raised to tlu^ surfaei', wherif there, is a com- 
bined h(‘ad- frame* and crusher building in which 
the rock is crush(‘d to a size of live or six 
inches. Fig. 102 shows a typical pit-head 
frame at a large colliery, wliero the coal 
is raised and subsispieiitly washed, sereeniMl, 
sorted, and run into waggons, which pass 
beneath tlie chutes with wliieli it is ])rovided. 

Need for Ventilation, IToper voiitila- 
lion is a malti^r of (‘xtreme* imporlaneo in 
underground workings, particularly in (;oal- 
inincs, where* the* atnios])licre‘ is lijible te> be>eonie 
ehuigcreaisly eeaitaminat-e'el 
by neixious gase*s issuing 
from the* e*oal-hicei ami from 
blowers — that is, aeeumu- 
latiemsof lire‘-damp, imeler 
pievssure. 

Gases in Mines. The 

])rineipa! gas(*s found in 
mines are^ shown in tiie* 
table on the* next page. 
Avhie*Ii give*s tliear elieunieal 
feirmul.e*. jieipular names, 
and eliie^f pro)KTtie*s. 

Black damp, e^r stythe, 
Avhieh is not enumerated 
in tlu) table, as it is 
ne)t a pure gas, but a 
mixtures of gases, w'as 
formerly believed to con- 
sist of e^arbon dioxide. 
Recent researches hav^e, 
hoAvcver, shown it to con- 
tain 85 to 88 per cent, of 
nitrogen. It resembk's 
carbon dioxide in its 
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properties, and supports neither life nor com- 
bufition. Some of these gases are heavy and 


Ghemicnl Nairie 
an<l Furiiuila. 

popular Name. 

Remarks. 

Carbon inon- 

Cu.rboni<j oxide. 

V ory poisonous : 

oxide, CO. 

or wliitodaiiip. 

explosive. 

Carbon dioxide, 

(./arborii(*. acid, 

Poisonous, l>ut 

C02* 

or after damp, 
<dioko dump. 

non-explosive. 

Mothuno, t;H|. 

Marsh gas, car- 
biirettod hy- 
drogoTi, or tiro 
dump. 

Highly infiatn- 
inable. 

Sulphurnl ted 
liydrogon, H.jS. 


Highly inflam- 
mable and 

poi.s'»iiou.s. 

Nitrogon, N. 

— 

Inert. 


tend to colleet in tlu^ lower workings of the 
mines. Otlu^rs are liglitor tha.n air and colleet 
m^ar the roof. As tliese arc generally explosive 
gast^s, their dangcT is increased, as they are 
more readily difTiised. All the fon'going gases 
occur, more or less, in < collieries, but they are 
also met -wdtli in metal mines and in non- 
mctallic mines other than coal nnnes. M'hus, 
carbon dioxide is eoiniuon in lead mines in 
iSpain, PVanee, and the United State's. On 
the other hand, the gas sulphuretted hydrogen 
usually oecurs in minute (juantities only, in 
coal mines, where it is formed by the de'com- 
jmsition of pyrites in coal. In sulphur mines, 
on the other hand, it is frequently ])reseiit 
in largo quantit ices, and has been tlue cause' of 
Berious accidemts in Sicily, and during the sink- 
ing of a shaft through the rock-salt beds of 
Sirassfurt no K'ss than fifteen fatal accidents 
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occurred where persons were asphyxiated by 
sudden outbursts of the gas. 

Dangerous Gases. Marsh gas and carbonic 
oxido are, however, the gases chiefly responsible 
for the disastrous explosions which occur from 
time to time, mostly in collieries. At the same 
time, thi^ deaths which occur are usually due 
less to the explosions themselves than to the 
deadly after damp or hUick damp gases which 
are formed as the result of the explosion, and 
cause death by asphyxiation. Marsh gas has, 
boM'ever, been put to useful purposes before 

now, and, at tho 
Eleonora pit, at 
Dorabrau, in Aus- 
tria, a largo 
blow(5r of the gas 
lias been tapped 
and the gas em- 
ployed to heat 
two steam boil(?r8, 
witlv an annual 
saving of ()00 tons 
of coal. 

VV h i 1 o m a n y 

103. HCNSEX AND GAUZE, arc 

BHowiN(} riuxenM.E me ndably fr ee 

Dwv SAFETY i.AMi* f I otii gascs, thoir 

pn^senee in others 
is a standing menace to the miner. At the same 
1 ime, it has been found tliat mine gases are not, 
by any means, the sole cause of (explosions. The 
large auiounts of coal dust present in the air of 
eollieri(‘s also constitute a grave danger, and 
many explosions have been traced to this 
source. 

Tn many collieries, water is sprinkled on the 
coal after it lias been loaded into the tubs and 
the ways are carefully watered to lu'lp to allay 
tlm dust. But even this jiroeaution may, in 
turn, constitute a frc'^li source of daugc'r, as tlie 
warintli of tlie workings, eonib'rK^d -with the 
moisture, is bi'Jieved to ereati' a liighly favour- 
able nidus for tlie propagation of tlio deadly 
ankplostomn , or miner’s worm, the cause of a 
disease which has wrought much havoc in 
collieries in France, Giumany and Belgium, but 
whitdi, happily, has made very little progress 
in this C50untry. 

Ventilation in Mines and Collieries. 

The need of efficient ventilation will be obvious 
when it is remembered that, in addition to tho 
necessity which exists for removing the dangerous 
gases naturally present in collieries and rnotal 
mines, the atmospliere is rendered foul by the 
fumes given off by blasting operations and “shot 
firing,” and by the emanations from men and 
animals working in a confined space for long 
hours. 

In quaiTios and opencast woi kings ventilation 
is, obviously, easily effected, but it is otherwise 
with workings situated at great depths from 
the surface. 

Ventilation is usually carried out by one of 
the three following methods : natural ventila- 
tion, furnace ventilation, and fan ventilation. 
Natural vejitilation depends upon the presence 
of two shafts at least, of different depths, and 
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containing, thcrefor<\ columns of ain of dilTcivnt 
weights and pressures. W}ienev(‘r llu^se con- 
ditions are satisfied, the heavier column over- 
balances the lighU'T column and a system of 
air circulation is established. Natural ventila- 
tion is, however, subject to some* tincertainty 
in operation, and to the gn^at disa.dvantag(‘ 
that eircuinstances may, at. timets lead to a 
total reversal of the direction of circulation, an 
oecurrence which may bo fraught with stuious 
consequerieos. In practice, it is rarely depend(‘d 
upon alone, but is suppUunonted by a system 
of furnace ventilation, by which the air in 
what is called the vpr4isf shaft is heated, 
and thereby rendered permanently lighter, thus 
ensuring a constant diaught in the saim^ 
direction. This system has, however, Immmi 
almost entirely supcrsed(‘d by fan ventilation. 

Ventilation by Fans, Ventilation by 
fans may bo either by exlmustion or by com- 
pression — that is, the fan may be used to with- 
draw the foul air, or to <lrive in a supply of fresh 
air. In pracjtice, fans are usually plaec'd at the. 
top of the up-east, shaft and used to exhaust tlu* 
air by suctivin. These fans work on what is 
known as the centrifugal principle, and as tlu*v 
differ but little in essentials from those used 
to secure ventilation in largt; buildings, it will 
not be needful to do more than to point out that, 
uaturally, they arc^ much largtr and more 
powerful. The chief types used are the 
“Guibai,” “Waddle,” “ Schiele/’ “Cajipell,” 
“ Walker,” and “ HaU'au ” fans. The speed at 
which such fans are run varies from 40 revolu- 
tions per minute to 500. They are, at the 
present day, frequently driven by eleclrieity, 
and their diametiT often (exceeds ,‘10 ft. 

Lighting. The method of lighting mine 
workings is closely associated witii the occiirreiiee 
of fiery gases in mines, as, upon their aUsence 
dopends the possibility of working with naked 
lights, while their preoeiu;e necessitates the use 
of lamps specially designcKi to prevent the 
ignition of the explosive gases. Thus, in many 
parts of the world, and at many of the iron ore 
mines in this country, candles are used. They 
are stuck into a piece of clay which, by its 


plasticity, (“an very nsulily lx* put dnwii any- 
wlicn^ (convenient, adapting itself to tlu* ( ir’cum- 
stanc(‘s ill a way which no more rigid form of 
holdcT could possibly do. At otlier mines oil 
lani})s anc freely us(>d. For the most Jiarl, 
lioweviT, sahity lamps have to bo employed. 

Theory of Safety Lamps. ilefoio 
an explosive gas can bic ignit('d it, or some part 
of it, must b(‘ rais(Ml to the requisite temperature, 
as otherwise^ the chemical Ibrees upon -whieh 
ignition de]>('nds do not come into play. It 
was found by Sir Tluiiqiliry Davy that, if a 
pi(‘oe of wine gauze be j)laeed across a llame, 
the uiicoiisumed gas issuing througli the 
gauze cannot be ignitc'd by the lianu' Ixmoath, 
hut recpiins an extraneous sourca^ of heat to 
ignite it. The illustratiim givtui [103] will make 
this (ih‘ar. What r(‘ally happens is that tlio 
strands of wire in the wire gauze are such 
cxeelh'ul lu‘at eoiuluetors that they carry off 
tlu‘ heal of the llanui too rapidly for it to ho 
imj»art.ed to tlie gas on tiue other sid(c to raise 
it to a t(‘mperature snliieient to ignite it. The 
J)avy ^afi'ty lamp, the, piotol.ype of numerous 
luodilieations since invented, depends upon this 
fact for its safety. 

Preparation for the Market, Whih'. 
the operation of mining ends with the delivery 
of the min(‘rals at the pit or shaft head, 
it is hut seldom tJiat such niimuMls can he 
directly employi^d in industry. In praetifxj 
they' have usually to he siil>j(‘et(.‘d to a series of 
operations whieh, as tiiey ar«' usually carried 
out at a min(i or eolliery from which, llu' ma.t(n‘ial 
has been won, may h'gitiinately he regarded as 
tlu‘ final stages of mining. 

The chief rvnHon f»>r treating tla^ minerals 
in the immediat<^ vicinity of their source of 
extraction is to avoid tlui cxpenH<i whicli would 
be entailed in transporting the dirt and dross 
with which they ar(^ almost inevitably associated 
-in other words, to obviati* freight and carriage 
charges upon uiiremunerative tonnage. Even 
coal, which of all minerals is usually in the con- 
dition most suitable for immediate consumption, 
generally requires some degree of prepanition 
before consignment to its destination. 
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richer in the required 
mineral than it was 
before. This principle 
is applied to an even 
greater extent in 
gold mining, par- 
ticularly in alluvial 
workings where the 
prospector's pan, 
d:*scribed on page 
2380, is further de- 
veloped into tho 
hal’^a, a conical vessel 
ill whicli the heavier 
gold, collects at the 
bottom, while the 
dirt Hows out with 
the water at the 
top. At some gold 
mines, notably in 
Au.stralia, th<‘ con- 
tents of a large pit 
are agitated with 


Screening Coal. With coal, the value 
of the marketable product dep(‘nds largely upon 
size. On reaching tin* pit mouth it is therefore 
subjected to a series of operations whi(‘li iiichule 
screening, picking, sorting, and washing. 

Screening is carried out by tipping llie coal 
either on to inclined screens, set at an angle of 
about 30°, or into revolving or shaking s(;reeiis. 
The size of mcvsh employed depends upon a variety 
of eircurastaiiees — for instance, the hardness 
of the coal, its ultimate uses, (‘i(\ At most largt* 
collieries jig<fmg or shaking screens art* ein]>loyed, 
the movtuneiit imparted to such screems being 
comparatively gonth*. and regular so as toe. void 
breaking the coal too much in the prix^ess. 

Coal Washing. Small coal intermixed 
with a large proportion of dirt is usually 
imfihcd. In this j)rooess advantage is taken 
of the ditference in density Ix’lvvt'en tlie coal and 
its associated impurities. Tlu^ prin(U]>le em- 
ployed is agitation with water, whereby the coal, 
b(*ing lighter, is i'arried away, while th<' heavier 
impurities collect at the bottom of tho a})})lia.nces 
used. Then^ are a large number of coal washers 
on the mark(*t, the best known being the Murtou. 
and the Wood and Burnett washers, wliieh liu-ve 
mo\^able trouglis ; tho Luhrig, (.lopiiec* and 
Robinson washeis, which de])en(l upon the action 
of ascending currents of water ; tlie Rlliot 
washer, wliioh is ])rovid<*d witli movable scra^iers 
operating in a fixed trough, and tlie Baum vvaslier, 
which is pract ically a large vat into 1 he water of 
which compressed air is admitted, eaiising 
consich’irable agitation of the water and effecting 
a very complete d(;gree of st^paraiion by this 
means. 

Coal washing effects a considerable reduction in 
the ash of the coal treaU^d, and also serves to 
remove a proportion of the associated sulphur 
compounds which arc a source of grave incon- 
venience in most of the subsequent uses to which 
the coal may b(» applied. 

Gold Washing. It will have been seen that 
this process of washing tends to concentrate 
the material — that is, the finished product is 


water by m(\ins of a series of revolving blades. 
This principle' is also employeil at the Kimberley 
di.amond mini's to si'parate the mud and clay 
from thi' gravel with which the diamonds are 
as.sociated. 

Crushing. While it is usually desire^d to 
keep coal in large lumps, it is sometimes cnished 
preparatory to coking in the coke ovens. The 
crushing of minerals finds its most interesting 
exemplifii^ation, however, at gold mines, where 
the gold is derived from quartz, wdiieh requires 
to he rediuu'd to a fine powaler preparatory to 
leaching -that is, trealiiig with chemical solu- 
tions which dissolve out the gold, leaving tho 
quartz beliiiid. 

On the Band, tlie ore inini'd is a hard, splintery 
rock known as haukff.or almond a siliceous 
quartz conglomerale, consisting of bluish -grey 
quartz ]>ebl>les einbeddi'il in a quartzose matrix. 
This quartz has to be treated in stamp batteries, 
which consist of liammers shod with specially 
hard steel, such c.s ebrome steel, or manganese 
steel. These hamiiu'rs woik vertically by means 
of a tappel, or collar, fixed ni'ar the top end of 
the rod to which the shoo is attached. This 
lappet is raised by a revolving lifter, furnished 
with a cam which, on rotating, engages with the 
lower surface of the ta])pet, raises it a few inches, 
and ultimately clears it, allowing it to fall. A 
number of these vertical hammers disposed side 
by side, liaving tlieir tappets actuated by cams 
projecting from a common shaft which revolves 
eontinuously, ooitstitute a stamp battery. 
The weiglit of eacli st amp— rod, head and shoe, 
and tappet — avfTages about lialf a ton, and the 
number of falls per minute, regulated by the 
hardness of the quartz, averages from 60 to 100 
per minute. 

Stamping is carried on either wet or dry. 
In the latter case the fine dust is liable to be 
carried about in all directions, and to become 
depo.sited on the w'orking portions of the stamps 
with serious results, althougii the leaching is 
more rapidly effected wdth dry stamped ore. 
The usual practice in South Africa, New Zealand, 
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America and Australia is wet omsking. As its 
name implies, the ore is mixed with water in the 
mcArisr box, into which the stamp falls. 

Leaching, leaching is a process whereby 
the materials from which it is desired to extract 
some valuable constituent are treated, in a vat, 
with some liquid which dissolves the required 
constituent. Thus, in alkali maniifactiire, the 
salt “ cake ’* is leached with water, which dis- 
solves the soda salts, leaving the associated 
silicious matters, fuel, etc, untouched. In gold 
mining the fine ore from the stamps, which is 
known as tailings, is leached with a solution 
of cjranido of potassium, which dissolves the 
particles of gold — and silver, when this metal is 
present — and leaves the quartz. sUmo behind after 
filtering. Fig. 104 shows tlie surface w'orking.s of 
the plant at Ferreira Deep, with the lai*ge tailings 
wheel on the right. 

The dissolved gold is subseqmmtly precipitated 
on zinc plates, or zinc turnings, zinc having a 
chemical affinity which causes it to withdraw 
gold from solution and to take its pLioe. 'rhe 
zinc remaining is ultimately driven off by heat, 
leaving the gold, in the form of crude bullion, 
behind. 

Roasting Ores ; Calcination. Koine, 
minerals, when delivered at the surface, a.re 
associated witli substances which can be driven 
off by heat. Jn other eases, the application of heat 
may cause ciTtain eluuiiical reactions to fMciir 
which have the effeijt of rendering the mineral 
more readily redueiblo in the subsequent smelt- 
ing operations to which it is usually subjected. 

The ore may be roasted in heaps, or calcined 
in kilns. Sometiim's the lu'at is derived from 
combustible materials asso<.Mated with the or<? as 
extracted, the combustion of which produces 
sufficient heat to effect the necessary changes in 
the mass. With other ores, fuel must b(‘ ad<led 
before combustion can bo efhictcd. The best 
example of ores of the first class is atforded by 
blaokband ironstone, which contains <*nough 
carbonaceous material to burn without any 
added material. In Scotland and in North 
Btaftordshire, where this ore occurs, huge heaps 
may bo seen roasting in the vicinity of the 
mines. Such ores may lose as mucli as 50 per 
cent, of their original weight, and tlie iron they 
contain will be in a more fully oxidised condition. 
Where the addition of fuel is ne<3cssary, th<^ 
preparation of the ores is more eccuiomically 
carried out in kilns. In the Clevelaud district, 
the kiln adopted is that of Gjers, the capacity 
being from 400 to 700 tons at a time, and even 
more. Tlie waste heat from the blast furnaces is 
also employed for the purpose of calcining the 
ores. The ores of many other metals also require 
roasting preparatory to their use, while iil the ease 
of n(m-mctallic minerals numerous example.s 
might be adduced. Thus limestone, or calcium 
carbonate, is roasted in kilns to drive off the 
carbon dioxide, for the production of lime, and in 
cement manufacture. Fig. 105 shows the roast- 
ing of copper ores in heaps at Jerome, Arizona. 

Weathering. In a number of instances 
materials require to bo exposed to the action of 
atmospheric agents before they are fit' for use. 


Into the process of Weathering several factors 
enter, the mineral heaps become per- 

meated with moisture in wet weather, ana in 
the succeeding cold seasons the moisture freezes, 
and by. its expansion induces disintegration of 
the masses. 

The diamond- be iring rocks of the Kimberley 
district are weathered on a lai*ge scale, the rock 
being spread over areas extending thoustinds of 
acres. From time to time tlu^ masses are 
ploughed up and fresh portions expo.sed to the 
atmosphere, the weathering rendering the 
subsequent operations for tlu' recovery of tho 
diamonds much easier and cheaper. Clay also 
requires careful weathering and ripi'uing, its 
physical properties btsng gre:itly improved, and 
its plasticity increast'd. ]t may incidentally he 
mentioned that tho existence of clay itself 
dojiend.s upon the weathering, during long ages, 
of gnmite. The silicates of alumina, whieli entcT 
into the composition of one of the cliief constitu- 
ents of granite, become stqiarated from the quartz 
and mica with whicli tluy are assoiuatial, and 
being liglitiT, art^ deposifial by the .'MUion of 
water in beds. Tlie kaolin of Devonshin', from 
which the best descriptions of (-luiia and porct'- 
lain are mad(‘, has liad its sonr(u' in the eyelo 
of opta-ations included under the term weath«*ring. 

GEOGRAPHICAL DISTRIBUTION 
OF MINERALS 

TJh^ following notes as to tlio distribution of 
the chief ori's and niiiusvils, arranged uiuhn* 
the bea< lings of the eountrii's in which they occur, 
may prove of intiaesl. It must he borne in 
mind, however, that the truuti is frequently 
changed, and that the. country which at ouo 
]:MTiod is “ booming” as, say, a gold country, 
may at almost any ])(‘riod ln' displa,e(*d by a 
“rush” to somt' other district from wiiieh 
prospectors may bring thes news of important 
finds. 

Great Britain and Ireland. Our own 

country owes its jiredominant commercial pros- 
yierity as much to its miucrM,l wealth as to its 
geographical situation. 0‘lehrated in the early 
(lawn of its history as the soiireo of tin ores, its 
coal, iron, copper, li*ad, zinc and salt niim\s have 
also ('ontrilmted to its industrial development in 
later days. The Welsh steam coal is unexiMilled 
for marine ymrpos(\s. llnfortunately the iron ore 
mines upon whi(‘h the prosperity of this country 
is largely dependent- are approtwdiing exhaustion, 
and the supplie.s for the ij'ini works havii to bo 
drawn from abroad, not;i.hly from Spain and 
from Sweden, supplemented by ores from tho 
European mainland, from (h(‘ce(% and even 
from Russia. (h>ld is found in Nortli Wales, 
but in commercially in.significant quantities. 

Other European Countries. Franco, 
Germany and Russia possess much mineral 
wealth, coal and iron predominating. Southern 
Russia and the hinterland between Europe and 
Asia is rich in petroleum, Baku being the 
c<mtro of the oil industry. Sodium and 
p>tassium salts aro found in Germany and 
Poland, while Austria-Hungary produces quick- 
silver, which is also found in Spain. Iron ore 
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in found in Sweden, where it is smelted with 
charcoal, producing iron of great purity and 
excellence. Manganese ores are found in Russia, 
Greece and Turkey, while copper is mined in 
Spain and Portugal, and traces of ancient 
workings for the extraction of copper ores are 
found in Gn'cce. Gold is found in Italy, the chief 
mineral wealth of whicli is, however, sulphur. 

Asia. The inin(‘ral wealth of Asia is not 
fully known. Gold is found in Rindoslan and 
cilsewhcrc, while platinum is found in Siberia. 
IVrsia possesses coal and petroleum, (’hina is 
a very rich countiy, and contains ores of nearly 
all the eommereially valuable metals and 
minerals. .Iay)an is rich in coal and iron. 
Diamonds, sapphires and rubies are found in 
Hindustan and in Uj)pcr Burmali. Petroleum 
is also found in Burinah, and in many of the 
larger islands of the East(‘rn Arehipcilago. 

Africa. The gold mines of the Rand are 
justly celebrated ; while the Niger States 
])ossess valuable deposits of alluvial gold Avhich 
have not, as yet, been fully developed. Nairiaqua- 
land is rieli in co])|kt ores, and Natal has abun- 
dant su{)plies of coal, a min<*ral in wlii(;}» the 
Transvaal is somewliat deficicint. Diamonds 
are found at Kiinluu'ley and elsewhere. Algeria 
possesses mines of hnul, zinc, antimony and 
copper. 

America. (Canada possesses an atlmmlance 
of valuable minerals, including gold at, Klondyke 
and in Nova Scotia and (Columbia, silver, in 
the I.iake Superior district, iron oies in various 
localities, coal, petrohmm, and lastly, Imt not 
least, nickel, which is found at Sudbury, in 
Ontaria. The niiiu'ral wealth of the United 
States is enormous. It is the eliief iron ore 
producing country in tlie world, and its output 
of coal, petroleum and natural gas is likewise 
on a gigantic scale. '^Plie United State also 
produces a quantity of cop]KT, lead and quick- 
silver, while gold is mined in ( Vdorado, (^aliforni.a, 
Nevada, Utah, Moiitauca and Arizona. Silver 
is found in Colorado, and several of the other 
Western States, and e()[)per abounds in the Lake 
Superior district. In South America the silver 
mines of Potosi are celebrated, while the nitrate 
beds of Chili are the most extensive in th(^ world. 
Gold and difimonds are found in Brazil, and 
emerald;^ in Peru. 

Australia and Oceania. Australia and 
Tasmania are ritdi in tin ores, while gold is 
found scattecd throughout Australia, and in 
New Zealand. Coal is femnd in Nmv South 
Wales. In Oceania the island of New Caledonia 
is justly celebrated for its mineral wealth, 
iM ing rich in nickel, molybdenum, and chrome 
ores. 

Miniruj 


Ore Handling. Only a passing mention 
can .be made of the marvellous advances 
which have taken place in the methods 
of transporting minerals. The most striking 
instances are the aerial ropeways by means 
of which enormous tonnages are cheaply and 
expeditiously conveyed from place to place, 
and the wonderful ore handling appliances in the 

I. rfikc Superior district in America. There the ore 
is handled by gigantic machines, which feed it 
into the ore steamers which ply between the 
mines and tlu^ chief on^ docks situated on the 
lakes. The capacity of these steamers is very 
great, and the limit would not, even yet, appear 
to have been reached, notwithstanding the fact 
that the Klbort H. Gary, a steamer belonging 
to tlie famous Steel Corporation, lias recently 
broken all records by conveying a cargo of 12,328 
tons of ore from Kscanaba to South (Jiicago. For 
unloading these cargoes, Hulett automatic 
machines are installed, and one of these, at 
Lorrain, Ohio, reciaitly achieved the wonderful 
task of unloading (>81 tons in an hour. The speed 
and economy of these machines may be ganged 
by the fact that the cost of unloading has been 
rtalucc.d to I cent, (^d.) per ton. Indeed, tlie 
r^Tords of tin? Old World are fast being broken 
by those of the N(wv VV^orld, and tlic student of 
mining fixes Jiis eyes on the shores from wliicli the 
Atlantic stqiaratos, in name only, the Mother 
Country, and views w'ith admiration and sui- 
})riHe the striking progress which the adoption of 
H<at‘niific methods lias <‘nabled to be made in the 
Greater Brit-ain beyond the seas, whose sons are 
the inheritors of the glorious mining traditions of 
the old <*ouiitry in tliat New Land w^hoso re- 
sources so vastly surpass those of our own. 

Bibliography. Students who wish to 
pursu(‘ the study of mining into greater detail 
than this course has provided will find no lack 
of reliable textbooks on the subject. Messrs. 
Charles Gridin (V>. ])ublish several good 
handbooks, among which w'o m;j.y mention 
“Prospecting for Minerals,” by S. Herbert 
Cox, (5 h.) ; “Ore and Stone Mining,” by Sir 
C. le Neve Foster (34s.); “Elements of Mining 
and Quarrying,” by the same author (7s. 6d.) ; 
“ ('oal Mining,” by Herbert William Ilughos 
(24s.) ; “ Mine Surveying,” by Bennett IT. 

Brough (7s. (kl.) ; “ Getting Gold,” by 

J. U F, Johnson (3s. Gd.) ; “ Mine Accounts 
and Mine Bookkeeping,” by James Gunson 
Lawn (10s. Gd.) ; and “The Investigation of 
Mine Air,” by Sir Clement Foster (Gs.). Books 
by other publishers include “ British Mining,” 
by R. Hunt (Lockwood. 42s.); “Economic 
Mining,” by C. W. Lock (Spon. 21s.); “Ck)lliery 
Working and Management ” (Lockwood. ISs.) ; 
and “ Rofck Blasting,” by G. G. Andre (Spon. 5s.). 
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VEHlrrK CONSTUt'CTlOy 
o<»ntlinu>«j from 
l)a>rc 


By H. J. BUTLER 


JN the cycle factories of (V)ventry and Birming- 
ham wo have instances where the maehiiu* 
is built throughout, even including the tyres, 
now that various patents have lapsed T l>tit 
usually, although completed luaehines lf‘av(i the 
works, outside lirms are depended on for sueli 
items as tubing, chains, halls, saddles, etc. 
Another class of fac*tory is that wher(^ comjMUKmts 
or parts are mad(‘*as w(‘ll as coiu])I<'ted fraim's. 
These are sold to dcal(*rs who assemble tin* 
different fittings together into the complete 
article. This assvtuhiiwj forms a largt* brntjch of 
the trade, and will be the form of manufacture 
most likely to interest the reader as being one 
he may himself adopt. 

The Cycle and its Parts. Our 

bicycle of to-day consists of two wheels plaec‘d 
one before the other, mount(‘d in a fra, me of 
steel tubing which carries the ni(‘ans for j)ropul- 
sion, seating, and steering. Thrcf* types of frame 
arc illustrated — 60, a road racing franu' ; 61, lady's 
frame ; and 62, a tandem frame with rear seat 
for lady. 

Tlie frame consists of the following parts : 

(а) The /op luhe. The Ijori/ontnl memlK*!* 
running from the seat to the steering. 

(б) The head, M’he short, member which 
reffoives the stem of the front folks. 

(e) Tlic hottoin tid)(', running <jbliqiiely from 
the head to the bottom bracket. 

{d) The, seatf or dincn lube, running from the 
bottom bracket to thi* s(‘at . 

(e) The hack forks^ or fitatfs, eoniKM'ting th<* 
seat with the hind whe<‘l hul). 

(/) 'Hie chain eon Meeting the* bottom 

bracket with the hind wlnai hub. 

(f;) The front forks, tin* stem of wlii(‘h turns 
witliin the head tube {h). 

The Frame of Ladies’ Bicycles. 
The difference in dress necessitates a modification 
of the top tube [611. This member, in tin; gener- 
ality of machines, runs from tin* top- of the head 
and sweeps downward.s to a point just above 
the bottom bracket. Often it is connected by a 
st^ to the bottom tube. 

The Frame Lugs. The frame tubes are 
joined togethcT by means of socket-sha|x*d 
pieces called bijs, the junction being etTeet<*d 
by brazing and internally strcngthen<;d by pieet*s 
called liners. 

T^e lugs in a standard pattern frame are : 

(a) The top head lug^ joining the head and 

top tubes. 

(i>) The hoUom head lag, joining the head and 
bottW tubes. 

(c) The seat lug, joining the top and demn 
tubes and provided with means of attaching 
the hack forks, and split for adjusting the scat 
piUar which carries the saddle. 


(d) Tile bottom, or crank hrackvt. This is 
providc‘d with sockets for taking the down tube, 
bottom tube, and tin* two <*hain sta>rs, as well as 
receiving the a\l«' to which tin* pedals and 
their cranks are fastened. 

{e and /) Tlie two chain stags and the two bark 
forks are generally eonn(‘et('tl together — suth- 
ciently Ix'yond the whe{*l to give a safe ('l(*arance 
— by a bridges in each ease*. 

(//) "J’he bfK'k forks ends may be brazed to 
the low<‘i* (‘lids of the forks, hut in many putfenis 
both ends of the back folks are tix('(l by a bolt 
]>assing through th<*m. A slot is jirovided for 
ri'ceiving th(* hind \vh(*<*l axh*. 

(h) '^rlw* two front forks are eonneeled by a 
crown whi(*h also receiv(‘s tin* fork stem. 

Tn a. llush-jointeil frame tlu* above lugs are 
plae(‘d inside tlu* frame tub(.*s in.st(‘ad of the usual 
praetie<* of ]>Iaeing tlu'in outside*. .\ lug usually 
(‘oniieefs the }iand)(‘hars with tlie handh'har stem 
and another eoiineets tlu* two portions of tluj 
s('iit ])il!ar. 

The Head. The lu’ad tube* ree(*iv(*s within it 
the stem of tlu* front forks, and, again, inside the 
front fork st«*m )>lae(‘ from above* tlu* ste*m 
of the* handle* ha-rs. These, two stems are he‘ld 
tightly togetlu*!’ by a. clip imnuHliately above 
the top head lug. 'Plie clip is ])rovid(‘d with a 
liolt and nut. while* the fork st(‘m is split for a 
ceiiiple* of inches at the* back to alkovof adjust- 
me*nt. A nut is also provide‘d to pi’(*veiit vert.ieal 
])lay. It is usual to pnivide a sle*(‘ring Jock, 
whereby thetuiTiing of the front whee*! is arn*st»‘d. 
This preve*nt.s damage* w lu‘n leaving tluMiiaeliine 
against a wall or curb. 

Iliere are* numerous sha,])«‘s of handlebars 
[63 1 hraze'd through the lug on lop of tlui 
st<‘iii, and the*y are made to suit every taste. 
From the racing j)att(*rn, allowing of a low 
grasp jilaeed forward, an^ interiiu'diate ])attea ns 
until we* arrive at the full u[)tunu*d lady's 
pattern whie*h brings tlu* bands above and behinel 
the top of the lu*ad tube. 

The Driving Gear. The mod(*rn bicycler 
IS rcar-drin n tliat, is, the motion is trausmitte'd 
through the iiiiul whe'e*!. J5y piv.ssiiig down 
alternately on tlu^ pedals the.; cranks arc rotate'd 
with their connecting axle whicli sols in motion 
the; braeke‘t chain wheel and, like'wise, by means 
of tlie chain, the.; hub chain wlu‘el. 

The CranRs. The; cranks receive at their 
lower ends the axle of tlu; p(;dals. The; latter 
may simply screnv into the* cranks. Caro .shoukl 
be takem to sec that a U*ft and right hande^.d 
thread is provided rospi'ctively, as although 
the pedals rotate round their own axle; in the 
.same ilireciion. yet they are on opjKisitc sides of 
the cranks, and the tendency will if opposite 
threads are not provided, for oito of the pcydala 
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fiO. liiainnnd frame 61. Ludy’a framo (ft. TaiMlnii frame fi>» l;wlv .iiul ^'oiitlriiiun 6';. Sli.tpfH of haiidlrkii - 61. Chain ataya, brld^ ami 

hnickot 6fi. < 'j rh* tnb'iiK 6<> ami I*?. Fiont. f«nki' (atiifi Tiiiy<‘lc‘ 


to work loose. The inner end of tlie '‘rank ’ wliicli is arrived at by dividing the 

is swelled out and pierced to receive the crank number of te(‘th on the hub chain wheel into the 

axhi. A common method of fixing is by a numb(‘r on the bracket chain wheel and multiply- 

tapering cotter pin wliich drives into a similar ing by Uuf diameter of tlu^ driving wheel. By 

shaped keyway. Both have a flat side to pre- multiplying again by ‘U vo got., approximately, 

vent working loose. The cotter pin is pulled up f-he distaru’i^ wliiili th(^ machine travi^ls alone 
tight by a small nut. complete revolution of the cranks. 

The Throw of Cranks. The lerigtli from The Chain Line. It is absolutely 
crank axle centre to pedal axle centre is called necessary that the chain should run over the 
the throw. Itsually 7 in. will be found suitable teeth on the chain wIhm'Is eiaitrally, without any 

for a rider with normal length of leg. Increase of undue friction on either sidt‘. This is attained 

this means greater leverage, but tin* feet have to by a correct chain line, and is calculated at 

move through a larger circumference, thereby two }>oints Isi'ti 64]. 

speed is lost. For tall riders using a Iiigli gear, I. From a. line passing transversely through 
in. is often used, and ladies find er)mfort the centre of the back hub to a lino passing 

when the throw is not more than t).V in. through tins centre of the chain wheel teeth. 

The Chain and Chain Wheels. The 2. From a line passing tran.sverseJy through 
power is not merely transmitted from one chain the cemtre of the crank bracket to the centre of 

wheel to the other, but by the relationship as the chain wheel tt;eth. 

regaifls the number of teeth on each wliccl. Both these measurements should be exactly 
the number of revolutions of the hind wlieel are the same, thereby ensuring thcat the two chain 

greater ilian the revolutions of the crank.s. If wheels will revolve exactly in the sa.me line 

tliere are 16 teeth on t-lui bracjket chain wheel in the same way that tlie two road wheels 

and 8 on the Jiub chain wheel, the hind wheel should do. This chain line varies from If in. 

will revolve twice as often as the t;ranks. in racers, to I? in. in roadsters with gear 

The Gear. The gear of a bicycle is cal- cases, 
culated in inches, and represents the diameter The Bracket Chain Wheel. The chain 
of the wheel that would be neces.sary to ensure wheel is usually fixed by screwing it on to the 
the same rate of speed if the cranks were con- inside of the crank boss, and the outer ring carry- 

nected directly to the driving wheel hub. Thus, ing the teeth can be made detachable, so that 

if we have 16 teeth in front and 8 at the back, the gear may be increased or decreased by adding 
together with a 28 in. whe<d, w’c call the gear another ring of teeth. 
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The Hub Chain Wheel. '[Hiis is screwed 
Ml to the back hub and rotated with it in the 
patterns of the last few years, but now, owing to 
almost universal adoption of the free wheel, 
it forms part of tho free wheel hub, and by 
tneans of either roller friction or a pawl the 
iiub can rotate while the chain, cranks, etc., are 
it rest. Tlie hub chain wheel should be of a 
mfHcicnt circumference to aceommodatt^ not 
fewer than eight teeth. Tho larg<*r this wheel the 
further from tho centre lies the chain, eouse- 
mently meaning greater k^venigc ; also, tie* 
bain is not unduly curved. But we must 
^ limit the size of this chain wheel, as the laig<‘r 
this whcjel is, the larger must our brac’ket chain 
wheel bo in order to obtain the same gt‘ar. 

The Chain. The chain may eitlicr b<‘ a 
series of .solid blocks connected to side links 
by means of pins allowing of movement as 
the links run round the chain wheels, or th<‘ 
side links may b(^ coniKH’tcd by jiins which pass 
, through rotating rollers. The first type of chain 
i» known us the bhek chain, and now finds little 
favour; the second is the much used /v)//cr chain, 
M' which we have tlui advantage of rolling ovta* 
sliding friction. 'I’lie. links an* formc'd into an 
eildless chain, hy means of a bolt and nut which 
takes the place of one of the ])ins. 

Pitch of Chain. The pitch is nicasunul 
, froi^ the centre of ont' pin to tlio centn^ of the 
Ues^t — usually it is J in. 

Adjustment of the Chain. The cliahi 
whe^ properly adjusted should sliow a very 
departure from the straight line. A loose 
chain may mount the chain wheel and cause 
disaster. Tlu^ slot in the back fork (mds allows 
of the hind wheel btung ])ulled further away 
from the crank bracket. Tliis is done by turning 
a nut at tJin end of the slot. Cart; must, bt; taken 
to perform the ofK;ratioii equally on ho(h fork 
ends, otherwi.se the alignment of the hind wins*! 
may be dcstroy<?d. 

Free Wheels. The roller tyf)t‘ of fret; 
wheel is almost obsolete. Wlitm the chain 
ring is turning, a series t^f rollers are drawn hy 
friction against the ring up inclined planes, and 
are jammed betwetm the ehitch and the ring, thus 
taking the hub, and consequently Ihe lo.ad wht‘el 
with it. When free wheeling takes place, tli<* 
roUei’s are released together with the eontaet 
between the chain ring and the fre(;-wheel eliiteh. 

In the ratchet free wh<;el the chain wins*! is 
fitted internally as a ratchet wheel, while; paw ls 
are connected to the clutch. When the chain ring 
is revolving the pawls slip past, but when it is 
stopped either the pawls are free to drop by 
themselves, or they are forced liome to their 
work by small coil(;d springs. These are various 
modifications of this main principle wliieh arc 
ihe subject of patents. 

Pedal and Other Brakes. A back- 
pedalling brake is one in which retarding action 
is effect^ usually within the back hub by means 
of one cone wedging itself into another when pres- 
sure is exerted in the opposite direction to the 
Usual pedalling force. Another variety of the same 
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type of brake is in the fonu of a rim brake. This 
is brought into play by means of a B^ision rod 
connected with the crank bracket. Rim brakes 
are the type that have been adopted largely. 
Pimsiire is applied cither by a system of levers 
and conn(;eting rods, or by a Bow’<lcn wuro, tho 
pow'er being applied by a small lever. 

Variable Gears. Means are sometimes 
ju‘Ovid(‘d within the back hub wlicr(;l)y the gear 
may be altered at will. It is advantagi'ous to 
lower the gearing when going up hill, aiul on a 
goofl lt‘V(‘l road one naturally wislios to inereaso 
the rate of speed, 'riiis may be elTc^cted when 
variabk' gear is litti'd by merc'ly pulling a lever 
and y<‘t maintaining tlie sam<; rate of crank 
rotation, although, of eours(», more power will 
be nts'cssary for tin; higluM* gear, '(’hcii; arc two 
and three-speed liiil).s, and usually on one gear 
(the high) tin; wholt* huh runs solid. The inter- 
meshing of tooilnal wheels of varying numbers 
of t<;eth tmsurt's dilha'tait rat(‘s of specal in tho 
sann; way as with tiu' (‘hain and itswh(‘els, Th<» 
iinxhan gc'a.rs an; also fitted to allow of free 
wh(‘eling. 

The Tubing. "lu; franu; is composed 
of weldloss steel tubing |65|, whicli implies that 
it is not m(‘r(‘ly sheet nu*! al welded to foi tii a pi])(‘, 
but is w’ork(‘d up from tht‘ solid, rsually the 
section of (he tubing is eireiilar |65 K], and 
vaiying in gauges aeeording to the strength 
n<‘eessary, but tin; back forks and chain stays 
arc‘ usually of 1) sc'ction [65 (.!j, while tin; front 
forks are oval [65 I)]. Not only does tin* gauge 
vary, but in tlu' same tube wa; may find tlie 
thiekness incn;asing at tlie tmd. This is butted 
tubing, and whem reinforced at bot h ends we have 
a. (louhlv-buUrd tube [65 A], the typt* used in the 
best machin(‘S. Taper gauge; IuIm; [65 Bj is often 
the material us<;d in th<; front, forks '66 and 67], 
tlie great<‘st strength h(‘ing at th(* crown. Butted 
tubing obviates tin; neci'ssity for using liners. 

Wheels. The wheels consist of wire spokes 
ins(‘rtcd in metal or .somefimes woollen rims, on 
whii^li are placed the ])neumalie, lyres. Kqnal 
sized wdieels allow of int ere ha.ng< ‘ability of tyres, 
which is an advantag<‘, as tli(‘ wi'ar on the back 
lyre is greater, 'riii'i’et'ore, after a hi(;y(;le has 
run a (xmsiderahk* distamx*, the tyres may b(; ex- 
changed, Wheels of 2S in. diameter are usual. 

Spokes. Sp()k(\s are generally tangential 
to the huh, tin; direct-spoked wheel being out of 
dab;. Spokt's may be tin* .same gauge tJiroughoiit 
or single and douhh; biiflial. 'I’hey are made 
stouter fit the ends w^Jiere the strength is n(‘ccs- 
sary ; the centre is lighter, and gives less air 
r(‘sistan(;c. 'I’he spoke is prevent <;(1 from passing 
through the huh flange hy its head, and is 
attached, and its tension is n‘gulfit<‘d, by the 
thread and nipj^le finrJ w^asficr at the rim. 

Rims. rims are cither hollow or solid, 

and are adapted for the cliiferent brands of tyres. 
A rim joint, when phiced exactly opposite tho 
tyn> valve, esiri be made U) balance it, and such 
a rim can bo manufactured without heat. 

Tyres. The pneumatic tyre consists of three 
portions : (a) The inner tube, made of rubber, 
lightly vulcanised and provided witli a valve 
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hub in Its centre at its 
proper height, and thm 
taking the required 
length. 

Spacing the Front 
SpoKes. The spokes 
are built into the wheel 
in the following manner. 
For a 32-spoke wheel 
mark two holes in the 
rim, leaving nine apart. 
Thread tlie ends of four 
spokes, and try them in 
position. Screw up the 
nipples till the hub is 
held exactly in the 
centre of the rim. Here 
wc shall bo able to sec 
if wo havo measured 
witli precision, for the 
spoke should not project 
beyond the rim ; also, 
if tlircaded for the 
propel* length, no threads 
will show beyond the 
nipplt?. Tf any altera- 
tion is necessary, wo 
shall be ablt^ to make 
it in Ihe remaining 
s])okcs. Sixteen spokes 
])ro(;eed from one side 
of the hub to the rim. 
At (he rim the spoke 
heads arc alternately 
inside and outside the 
An ecpial 


1. TonltMig SiultUo ndjuHtor 4. HhikIU* giiiw 5, llau(lleb;)i' *5. Expander bolt 1 . Kkdit iiiiiik 

li *' “• 11. H.>ati>miir i?.. Ht*. d lock ring W. l.anu) hia. krt Unnar* 

u V’I m' •’-M'-HKbrcoho 17. .4x10 aut 18. 011-can ID. SmL jMllar holt IlangO. 

f “i ■ ” rump clip band '. 14 . Back forks a."» I'niiik briicki t nuinbcr Drocoeds from 

lubriralor ‘2b. Seal tube' -J?. I'.ui.p . lip n.\<*<l cud ‘JH rump clip l«ind *25). rump Hip .sp, iiir .iO. ruu.i. V , 

ui* Jm'IP -id. i»oti<,m iiiiH- obaiii H...ys :i«. ciaiik bi.uk.t hi.hi tiic othcr llangc m hke 

,17. Chain wheel AH. Ciiaiu .m Ht,cctlu« lock »,o.'krt bol' 40. Klccrii.cf lock mH-kct 4). Ilollon, li. ad nit> i ft 

4‘2. J-«rk crown cuuc 4;{. Kork atem 44. Fork < i oven 4.'.. StccriiiK lo. k bolt 40. StccilukHoc k baud 17 . .sfcciiuir l^JJ'-nncr, botll SCtS 

‘‘^t.'-crlny lock nut 1}). I<’..ik blades nO. Crank lucu-kct Heeve fil. JVd.il pin W F.-.lal com- ,,,vwMiicr f rx« 

M. IVdal c-ono waalu-r M. pedal couc nut ur,. Crank iuacket lockinx' disc ;»«. (‘laiik bra.kt t iumr iliac ^]'‘^^eing llltlUSeiVeS On 

*‘VhiV' I*'*'' Vi'I '* K*‘v*'r.Hiblc hfuullHiai c\pandcr bolt (ho I'ini ahcriiatolv 

nut BO. Joiii-H.lr liii dl.I.ii «|. Kcviisililc handlebar .stem «‘2. Inaldc eiul pl.itc foi i uMmt pclal « 1 .!. IVd.il V e 

l^ubncatins' band bi. ledal inside cup <m. IV.ial centre tWi. Outside end plate for inidier pcial *17. IVdiU Af(er tllO flfst foUP 

out^dde cup bS Pedal rubbeis b'>. Inside end plate for lubbei pedal 70. IVdal inside i up 71. IVdal distiim e i 1 u* 

' plate foi lubb-r pedal 74. IVdal inbber rod 7r>. fed.il ouiHde cun SPOKOS KlWe bOCH Hl* 

<6. IMvideil pedal riiljber 77. Ptdal liibrieiitiiix' bund '7H. Pedal i iibla-r rod nut 7S*. Pedal dud «ap HU Pedal Uf.rifirl -i-tinflior fcxiir 

InvUle cup Si. Inside end pi.tte for rat-i rap |iedat Py. Pedal centre p;{ Outside end plate lot i.itdiap pedal ailOtllCr lOUP arO 

84. rcdal outfiidc cup 8.7. Pedal side jd ite 8(1. Pedal strut 87. Pislal lutu'lcatina band 8,s. i;e\ ersible b iiidlebar (ixCCl, Iciiving tho SaillO 

apart as before. 
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*<!•. Keveisible h.Hiiiilebar collar 


whereby (he tyre may be inflated and re(ain 
(he air pumped in — this valve passes through 
tho other portions of the tyre and the rim ; (/•} 
the fabric on wliich (r) (he oiitta* vulcanised 
cover is mounted. Thest* last (wo portions are 
solutioned together. tSingle-tiibe tyres have no 
dist i net inner t ii be. 

Tlie tread of the outer eoveu* varies from (he 
mere strip of the raeing tyre to the heavy (read 
of the roadster. Tyres may be retained by 
4vires or by a beaded edge. 

Building the Wheels. I’he number of 
spokes in a rear wheel is usually 40, whiles 32 
suffices for (he front, wheel. There are meehanitJal 
contrivances for spacing the spoke holes in a 
rim, or tiny may be taken off from a spac^ing 
board or frt)m an old wheel. The holes are then 
drilled, the dt,*licate rim being properly sup- 
ported, and the burr round the hokis removed 
with a half-round file. The spokes are cut off 
to correct length. This is found by laying (he 
rim on a levcl surface, and supporting the 
3776 . 


space 

and so on (ill the wlieel is built. 

Spacing the Hind Spokes. The 40 
spoktTs for (his wheel aie finst spaced by placing 
two .spok<*s in tlu* hul) flange six holes apart, 
one with head inside and the other outside ; tho 
sf)()k<\s are ero.ssed, and reach tho rim one hole 
apart. JMiss two holes in the huh flange below 
ea(4i of the first spokes, and repeat the operation 
as before. fifth spoke leaves the hub with 

one hole between it and the next, and runs in 
the same direction as the spoke from which it 
was spact?d on the hub, and proceeds to the rim, 
entering the same three holes from its fellow. 
Complete the whole of one side first by putting 
10 spokes in one direction. The remaining eight 
spokes running from the same hub flange arc 
l>laeed in the opposite direction, and crossed as 
Iwfore mentioned. The other hub flange, with 
its 16 spokes, is similarly treated. 

Wheel Truth. The wheels are trued by 
the careful tightening or slackening of the 
nipples. Not only have we to see that tho rim 
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w equidistant all 
round its cirouinfer- 
cnce from the centre, 
but that its two faces 
lie in parallel planes. 
To euro a defect in 
circularity the spoke 
at the fault and 
directly opposite is 
a^ust^. 

Frame Building. 

We shall suppose that 
an outline drawing of 
the frame has been 
made, preferably on a 
sheet of metal, so as 
to test the tnu^ rela- 
tionship of the parts 
while hot, and in 
oi*dcr that we inav 
know the exact length 
of the tub(‘S hefon^ 
bra/ing in the lugs. 

Tl)e Compo- 
nents. Before con- 
st meting the frarru* 
we shall need, bt?sid<^ 
our lengths of tubing, 
a set of (iOinponents 
whieb are as follows : 

1. TJie front wJieel 
bub. 

2. Tlu^ back vvliecd 
hub, with chain- wheel. 

3. The crank brao 



70. CYCLE COMPONENTS 


<IAU< I$:i< U l.v.ikc hlik riv< t !t1. lijwk If.'. Iki. k )ii .ikf kiin k<*t. link » i\ rt !(.*{. Hack kifikn Inniiln 

IcIcMcopK- Hike JU. lU< k l.iMkf iiaju.liiifiit '.*r» lUi k iM.tk.' .KljtiHti r '.«> Hark l)in.U«‘ mljvihtcr imt H7. Ikn k >u;ik« 
- si.niiij hlop ‘IS. Burk i.r.tkr l.iarkri '•p-inif «K* Iku k Br.tkr foi kr» KIO. Btakr }lll Cal.li- »,r;ikt> levrr Kk!. Brnku 

ube, Mark 10.!. Cal.lr lir.ikr filirniui 104. Hrakr uhor l.olt lO--. ( 'al>lr l.i.tkc Hiuii I 100. Biakr ahoti nut. 107. Cal.lo 

I brake ctivor plaU' mnnv ink I’.ibir Hiiail iiipiOr in’*. Ba- k biukr lira<l io«l 110. rabU? brake tubular 

anil n 1. Cablo Kill! Iiu tube- olip 112 . Cablt* br.iko r.)vrr plutr h< lew 11:5. i’nblf' biakr rovrr plai«* 114. Calile br.ik« 
luill 0 ‘*vtr no. (;ai>l<‘ brako h.nulb bar .Hpi iuK 11*». H.iiulloliai rablr 1 17. Cabb* br.ike hriul tul)U nipplf US. Cable 

braku iipriiife' forrulr IB*. Brake lork. t rod ilip bolt 120. Bt.«ke foiket r<ul rhp 121. Back table fraiuf tub«! 

fork Bark brake rod Hiut table MuUm 12:{. Back biake lout{ toil 121. Cnuit brake head tube 12.7. Baek niUilKuaid 

, Kt.ij' 120. IJiuk juudKUiivd 127. MudKUHtd folk Npiin*; IkN Outer rb.aiu ad iiiNlui.iit plate r.*t» Inner •■lialii adjuat- 

?ket, lueiit plate l.Mt. .Mud«uaid ebaiu bUv t'PrliiK bH Cb.iiii i iiijr l<» k .s|>r Iiikh 1.!2. Kiee whei‘1 b ill raeo l.TI. Hub 

liibrleator lOl. MudKUnrd winy npriuK lO.'i Rhu Joint BWS. I'Vonl. i liu I:J7. T.iie lOS. Free wlieel p.awl« lOO.Kree 
wheel rh.ai II rill},' I4<l. wheel ball ratce 141. Biwk hub end 142 Spokes I4;i Valve 144 Baek rliii 14.7. Nlpplen 

la 14*1. n.u;k foik.-t alible J 17 . Koikaiidibaiiihtavelipbcdt. MS, Mudipiaid f..i k ‘.pi ni},' M!». Kr..iit iiiuclKu.ud 1.70. Bat k 

biiike head tube ir>l. Hub liibrieator 1.72. Mudyuartt ntAy spi iiiy l.7:i, Kidiil iiiudtfuaitl niay 1.74. l''rtii»t forket rod 
taV Bi.7 Stop 100. Front fill ket. for voUiiiK lever br.ik« 1.77. Bark wlie.l apiutile 1.7S. Hub adjustiiuj eiiue IfiO B.iek hub 

^ 100. ll.'u-k hub end 1*51. Fixed eliaiii riiuf wiwber 102. Hub lUed < one 10:i. Wheel xpliidle nut Mil. Mxed wlieel 

ehainrtuK 1 Ih 7. Brake yoke IWl. Front foiket guide 107. Kolling bi.tke lever lOS. l»wai f bi ake lever MRI. Hwaif 
brake lever eliy nut 170. Dwarf brake levi-r flip lailt 171. I'oiket ttulde nut 172. l*waif brake lever ellp 
17:i. Kollliig brake lever dlatArie- pleee 174. II- .lliinr brake levei D w.-isher 17.7. Hub adjusting eoiie 170. P''*'d b'‘‘* 
177. Hubtixed eoiie I7.S. Fiuiit wheel spiiidlo 175*. Fork .ind < liaiii at iy . bp Milt IHO, Knlliug br.'ike lever bolt l.SI. Br.ike 
slum 1S2. Front wheel washer isri. Wheel Npiii.lle nut Is4 C.ible bi .ike iuiiilerat.*.r aprliiii IS.7. KroiH foiket nat 


l.s»J. Front brake forket anti iiuMlerattir atiitl 187. C.ible brake 
brake li ter nut 15i0. Kol hug brake level *11 p 11*1. Holling 


k.'l , wilh criinks, axl« „„k ,i... .... h 

and cbaill-AvlltHd. leleseopn- tube SU. lU- k br.ike adjusli 

. , 1.1 siiniiiJ hlop OS. Bui'k br.iki- bi.o-kel sp>- 

4-. lllO htvid tube, blo, k lo.:. Cal.le br.iUe ful.mui 104 

with its top untl M7.'^'caV.uoViuwiui*”iii.''' i.i 
bottom lugs and ball 

races: front fork Baek br.ike rod hiuI table MuUm 

” " * , , , ^ et.-ij' 120. IJ;o k uiudgiiiird 127. Mudg 

Crown, lanil) bracket, luent plate I.-M*. .Mudguaid ebalu vtai 

. liibrleator lOl. Mudguard iday Mpriiig 

etc. wheel ehaiii ring I4<i. l-’iee wheel ball < 

lx T^nii* ixortnla M*l. B.u;k foi k.-t guide 117. Foikaiidil] 

riwr Ol pCUHilS. buike head tube ir,l. Hub liibrleator 

(x Chain stav lOO. Front foiket for voUIngl 

_ * MiO. ll.'u-k hub end Mil. Fixed ehaiii r 

briClge. ehain ring Mw. Brake yoke IWl. Kroii 

rr r .r. 4 . brake lever ellp nut 170. Dwarf bi-tl 

/• v/Jiain Sl-ay eilQS. KolJ^liig brake lever dlatanee pleeu 

S Bafk fork brideo Hubtixedeoue I7.S. Fi out wheel spl 

. X>ata lOlK UlJUgt.. 1S2. Front wheel washer IW. 

Baek fork eves. Front brake forket and nuMlerator 

• ’ ■ brake le\er nut 15i0. Kol hug brake b 

10. Seat lug. 

These and the other numerous parts of a 
modem bicycle arc illustrated in 69 and 70. We 
have selectea the parts of a Budge- Whitworth 
bicycle as typical. 

Chain Stays. The chain stays are cut to 
length, so that with the short bridge tubes (those 
running from the bridge to the crank bracket) 
and the bridge in position we shall have not less 
than f in. between the tyro and the inside of the 
bridge, the back wheel spindle being at the 
commencement of the slot. The chain stay ends 
aJ*e brazed to the chain stays, and the short 
bridge tubes are brazed to the bridge lugs. 

Back Forks. The seat lug, or back fork 
eyes are then fitted to the back forks, and 
roazed. 

The chain stays, with their brazed-in ends are 
tried to the back wheel and spindle to see that 


17.8. Fiuiit wbvvl spliullo 175*. Fork .iiul < liaiii ht.i> 
hei-l WHsht-r 18r{. Whin-l Npliullf nut 184 <!.ili 


{ btix 188 . Bi'iiki; blurk 185*. KoBliit' 

nil l.U Calib- III ,iki‘ iiiotirrattii ^tutl 


the stay end faces are XJarallel, ami that the stay 
lines correctly each side of th(3 wheel. But only 
the tn/ijuj should be conduebnl with the wheel in 
position, as any attempt to adjust any error 
will injure the parts. 'Phe necessary a 1 titrations 
should be made at the bench, and it i.s a safe rule 
to remember that a tube must be gripped or a 
blow giv<*n by something softer in nature than 
the part undergoing the operat ion. Tube clamps 
are therefore constructed of hard wood, and a 
wooden mallet must be used in most cases. 

Fitting up the Frame. The bottom 
head lug has the head and bottom tubes fitted to 
it, and as the bottom lube butts right on to the 
head tulie inside the lug, a piece must be hollowed 
out to allow of the two tubes being brought 
close together. We next place in position the top 
head lug and into it fit the top tube, hollowing 
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out the latter in the same manner as the bottom 
tube. Knock on the crank bracket, and into it 
tlie s^at tube ; lastly, fit the seat lug in posi- 
tion, hollowing out having been x)erformed at the 
end of the top tube, where it touches the seat tube 
and the end of the bottom tube to miss the end 
of the seat tube. Therefore both bottom and 
top tubes are hollowed at each end. 

The Use of the Mandrel. If a 
tube be too small for its lug w^e force the ixihe 
gradually on to a mandrel held in the vice. The 
tube should l^e re\'olved as it is knocked forwards 
in order that the enlargement required may be 
performed equally all round. A caulking 
chisel is also used to ensure tJiat the lug shall 
fit absolutely all round its tube. 

Brazing. Being quite sure that the frame 
follows accurately the drawing as regards every 
measurement, and that the various angles formerl 
by the t\ilx‘S with one another are as drawn, wc 
may proceed to braze the frame togetht^r. 
Brazing is a process efTeefed by means of an 
internal charge of l^rass or spelter and borax. 
During the heating, brazing pegs arc inserted 
at the joints. Parte, such as threads, where it 
is necessary that the brazing mixture should 
not run, are coated -with blackload, fare must 
be taken not to burn or overheat the tul>e. 
Where the tube has not an outlet, a tiny hole 
must be punched to allow of fhe escape of 
heated air. Brazing is also effected by stcejung 
the specially prepared frara<* in a \’at of molten 
brass.. 

Completing the Chain Stays. The 

bridge with its short tubes and tlie two 
stays with their ends are first fitted and then 
brazed together with the back wheel spindle in 
position to give them their proptT relationship, 
after which they are united to the propi^r lugs 
on the bottom or crank bracket. While brazing 
the stays into the crank bracket we must tie 
the frame from the spindle to the scat lug. 
If the back stays are of the detachable variety, 
it will be convenient to bolt one in position. 

Testing the Chain Line. Clean out 
the crank brac*ket, and place the cuijs and 
spindle in position, and fit on the bracket chain 
wheel. Then place the hind wheel in po.sition 
with its chain wheel, and place a straightedge 
along the faces of each of the chain wheels. 

Building the Front Forks. The 
fork ends may be either slotted or drilled for 
the front wheel spindle ; the former method is 
best, as it prevents springing in the spindle. 
Clean out the slots or holes and braze on the ends. 
Having allowed for the } in. clearance, as in the 
chain stays, for the wheel, braze on the fork 
crown, the fork stem is then brazed to the 
crown. Care should be taken that each fork 
blade is exactly the same length, that the side 
clearance from the rim is the same, and that it 
unites with the stem exactly as marked but on 
the drawing. The side and front view of a com- 
plete pair of front forks is shown in 66 and 67. 

Handlebars. The handlebars may be 
fitted to the handlebar stem by a lap joint or a 
fiig. The lap joint is merely wrapp^ round 
the centre of the bar and brazed ; but with the 
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lug we have a strong and neat fixing such as 
is used in the frame {uroper. 

The Seat Pillar* The seat i»llar has 
an alternative fixing, as the handlebars^ and we 
must be careful to see that it forms a similar 
angle to that formed by the top and down 
tubes. 

Testing the Frame. Too much atten- 
tion cannot be given to making absolutely sure 
that the frame is true. It must follow** the 
drawing in every detail, all lengths^ overall 
length and angles being as set out. The wheels 
are coiTcct Ijeforo mounting in the frame ; and 
we must test our work to see that they are 
centrally placed. Another important matter is 
(hat file centre line of each of the tubes lies in 
the same plane. A straightedge placed on the 
face of the bottom bracket at one end should 
be parallel to the edge of the tube up which it is 
placed, the space between the straightedge and 
tubt' being tried by a pair of inside callipers. 
After the testing has l)een completed and the 
frame found correct, it is filed up and cleaned 
wdth emery. 

Plating and Enamelling. The parts 
usually plated are the handlebars, seat-pillar, 
front fork crown, fork tips, chain w'heel, cranks, 
])cm1.4.1s, spokes, wheel rims, and all nuts. Plated 
parts are finished w’ith the jxilishcr’s hob, ho 
that exct'pt in corners w'hcro the bob could not 
reach we need not trouble about much high 
finish. 

Knamelled parts must be carefully finished 
with em<‘ry, atid the hotter the surface the better 
finish will the enameller be enabled to produce. 
Being quit(^ sure that tlu* parts are free from 
grease, th(r tulx^ are given a eoat of enamel, 
either by dipping or by hand. The surplus 
having I wen removed, the frame is hung up in 
an oven and subjected to a temperature of about 
350^ for a couple of hours. I'his coat is flatted 
with pumice dust and the enamelling and 
heating repeated. A third coat gives a better 
finish. 

Assembling the Finished Parts. 

VVe tirst proceed to fit up the bottom bracket, 
taking care to protect the freshly-enamelled 
frame. When the cones, balls and axle are 
in position we proceed to fit on the cranks, 
driving up the cotter pins securing them with 
the nut provided for the purpose. The head is 
then fttt^ up wuth the balls in their respective 
races, and the handlebar clip, lamp-bracket, 
and look nut placed in position. The wheels 
are then put in, care being taken before final 
adjustment to see that they track. A properly 
fitting chain allows about ^ in. play of the cranks. 
Then wo fix on the mudguards and brake, of 
whatever pattern used, the seat pillar wiUi 
its saddle, and, lastly, the gear case if used; 
and if a lady's machine, a dbreim guard. 

Bearings. One of the most important 
factors in deciding the sweet running of a 
cycle is the design of the bearings and their 
lubrication. A bearing is to be found wherever 
movement occurs, such as the wheel, crank and 
pedal axles, and for many years past they 
are and have been — ball bearings. 



Ball Bearings. A ball bearing consists 
of a series of steel balls working in a race, which 
is formed between a cone on the one hand and 
an encircling cup on the other. In a plain 
bearing these two surfaces would work directly 
on one another ; but in ball bearings we havt^ 
the friction transfeiTed to the small points on 
the surface of the balls, and rolling friction 
substituted for sliding fruition. 

Types of Bearings. Bearings may be 
classified a<;cording to their type or method 
of adjustment, "llie balls of the bearings 
work between a cone, fixed generally to tlu^ 
axle, and a cup screwing into a corresponding 
part of the machine. In the (U’ank braek(‘t tli(‘ 
cone is affixed t-o tlie crank axle and revolv(‘s 
with it, while the cup is screwed into the shell 
of the bracket and remains stationary. In 
the wheels tliis is reversed ; the axk* and cones 
are fixed and the two eufis revolve. 

Adjustment Variations. Bearings are 
eitlua- eon<’! or disc adjusting. In a cone 
variety hub the eiijis are fixed info tin* ease 
of the bub. One cone is attached p^anianently 
to the hub axle, whili* that on the otli(*r sith* is 
threaded on so that it is capabh* of adjuslnient- 
and at tlu^ sanu' time allows of the passage of 
tin; balls to and from thcj ball r ace when rt'c^uinsl. 

Fitting Up a Ball Bearing. It 

will be readily iin(h*rstood that by sliding 
the axle in the hub and by uiiserewing tlu^ 
movable cone, the balls may lx* slipped in. 
In putting th(‘ l)(‘aring togc'ther th(^ side with 
the fixed cone would lie inserUxl first. 'rh(*n, 
aft(‘r holding that up to its place, and turning 
the wheel over, tlu^ otluM* side is found wit.li 
the movable cone projecting out n^ady f<»r the 
balls, after the insertion of which the. com* is 
screwed up into position. 

Disc Adjustment. In the disc adjust- 
im;nt bearing or cup adjustm(‘nt, as it is 
sometimes called, we have a lixed cone on each 
end of the axle. H’lu? cups screw bodily into 
the case of the bearing. 

Width of Bearings. In the cone typi? 
of bearing the cones un^ outsid<* tlu^ cu])s, 
while in the disc type the com^s are insid<*. 
It is w'ell to point out that the di.staiice between 
the ball races, and consequently the width 
apart of the bearings, should be as wide as 
possible to resist the one-sided strc.in tlmt we 
get in the chain -driven bitjyele. The. disc 
adjusting type gives a slightly greater width 
of bearing, and where it is used in the bottom 
bracket, it is a good plan if the bracket chain 
wheel can be dished inwards towards the centre, 
thus bringing the strain more central — nearer 
the ideal position of the driving chain. 

Accessories. By accessories we include 
such items as the saddle and tool bag, lamp, 
• bell or horn, tools such as spanners, oil-can. 
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inflator, luggage carrier, repairing outfit, trouser 
and toe-clips. 

Saddle. There are many forms of stKldlcs, 
and they are mad<' to suit any ptirse. A goocl 
saddle should be made from selected leatJiei’, be 
adjusted to allow the cyclist to rest on the broad 
part and reach the. handlebars and pvxlals 
without any siispieion of stretching. It should 
be mounted on s})rings that with tlieir elasticity 
will prevent boun<‘ing on the one hand an<J a 
hard st‘at on tlu' other. The peak is merely to 
n^tain the ridiT from getting away from his 
projXT seating, and is not meant to receive any 
great strain. 'J'hei’{‘ are sp<‘eial forms of saddles 
for racing men wliieh give great freedom of action, 
and the* juost fastidious can eJioose various 
ty])es of hygi(*rii(^ saddk's. Means are provided 
for taking up tlu‘ slack, sliould the saddle 
through ex])osure and lu\ivy usage Avarrant it, 
and the judicious a])|)lical ion of oceasional 
dressing will all kelp ft) lengtluMi the life, of that 
part of tin* maclufM* which, with 1 lie tyres, gives 
comfort to the cyclist as he rid(‘S. 

Lamps. JMost cyclists us(' the oil lam]», but 
acetylene gas gives a far inon^ powerful light. 
<'andk‘. lamps are also inanufactnn.*d. To burn 
Avell, a lamp should be k(‘pt thoroughly clean. 
This is es])ecially the case in a gas lamp. A 
cluNip lamp is no eeoiioiny, for a light is a k'gal 
lU'cessity at. night, so avc must ])ay a fair ])riee 
if \\v ar<^ to (‘.\f)(‘ej a. lamp liiat will keej) aliglit 
in tlie roiJglu'st wtailluu* and always to bo 
d(‘p(‘nd<xl on. 

The Tricycle. Th ‘ trieyc*le is a slow^er 
and heavier macliim' but free from sid(» sli]). 
d’he om‘ t‘ss<‘nti{d di(T<'rence, ajiart from the 
iiumlier of Avlu'els, is tlie pres<*ne(^ of tlie bahinee 
or ditfenuitial gear on the hind a.xl(‘, AvJiieh allows 
of the ouU*r wheel revolving at a gri'iitiu* s])ecd 
than tlu^ inner one, a necessity Avlieii rounding 
a curve. 

The Modern Use of the Tricycle. 

'PIh' tricycle is now cJiieHy used as a carricsr f 68], 
having a box of varying destnijitions mounted 
in tlie. frame. 'I'lie box may be on tlie front 
axk? with the luindleliar lixtsl to the lop back 
rail of tlie body, or on the hind axle, Avhen the 
steering is usually effis'ted by stirrup liandU*s. 
In a hiejidt' cirricr small boxes arc htted each 
side of the hind wheel. 

Tandems. The tandem frame [62] is con- 
structed practically under the same (‘onditions 
as the bitycle. frame, and is arranged for a 
huly either front or behind, or with both scats 
for men. The tubing used is of a heavier 
gauge, and we hav'c another set of chain and 
back stays, doAvn and top tuljes, to provide ‘as 
well as the extra handlebar and stem, seat- 
pillar, bracket, chain wlu^el and eliain. Other 
multiseated tyjK^s are used for path pacing, but 
are Ijeing discontinued owing to the advent ol 
the motor bicycle. 
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A Note on Comparative Literature. American Writers. Ancient and Forei^ 
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pnge S0.T.I 

Classics for English Readers. Books that Must, May, and Need Not be Read 


By J. A. HAMMERTON 


iH tcflmioally knoAvu as “ oomparativc 
literatuH' ” is a vitalising factor in intci - 
national goodwill and the fellowship of nations. 

To know only tlie literature of our own country 
is no small thing, hut we must know also some- 
thing of the other literatures, else we are in much 
the same ])osition as the man wlio has travelled 
throughout these green islands of our race and 
has n(*ver set foot on foreign soil. He is the 
least competent pt‘rson to tell us of his own 
land, lacking as he does all standards of com- 
parison. The reader who knows only his 
national literature is not tjuite so insular, since 
he has at least spent time in the company 
of WTiters who, ft)r the most ])art, reHeet a uni- 
versality of eulture ; hut it behoves the serious 
Btudent to acquin^ some knowledge of foreign 
literature, preferably in the original, even if 
his linguistic attainments be limited to one 
foreign language — French or German. 'Plien? 
is, however, an abundance of good translations. 

Thus, many of the Ix'st novels of recent years 
have come to us from France, Germany, Kussia, 
and Italy. Som(* of the soundest criticisms of 
English literature are the work of French writers. 
•In the study of comparative literature, the BYench 
are undeniably in advance of ourselves ; and a 
short time ago a most useful t reatise on tlie subject 
was WTitten by BVederic Loliee. This has 
been translated by Mr. Douglas Power, M.A., 
and published under the title of “ A Short 
History of Comparative Literature from tlio 
Earliest Times to the Present Day ” (Hoddor & 
Stoughton. (Is.). There can be no doubt, of 
course, that it is best to read a foreign lH)ok in 
the language in which it was originally wu’itteu ; 
but the reader's knowledge of that lauguago 
must be a etmipetent knowledge. Where this is 
lacking, comijetent translators are the more 
desirable from ev<‘ry jicint of view’. The Blnglish 
Bible is a translation, so we may w'ell accept 
Homer at second hand. 

AMERICAN LITERATURE 

Although it is tnie in the main that American 
literature is only a province of Eiiglisli literature, 
we have not dealt with American writers in our pre- 
ceding studies, reserving them for separate notice. 
Apart from the influences of environment, the 
sources of American literature may be trutliKilly 
doscri bed as English and German. In America, of 
recent years there has been a much greater study 
of the Greek and Roman classics, while Trans- 
atlantic scholarship is rivalling that of England, 
mrticularly in regard to the literature of the 
Elizabethan jperiod. We must now pass in review 
the names of those American authors with whose 
work every English reader should be acquainted. 
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Poetry. In poc^try, the outstanding names 
are those of William Citllkn Bryaitt 
(b. 1794 ; d. 1878) ; Ralph Waldo Emer- 
son (b. 1803 ; d. 1882) ; Henry Wads- 

worth Lonofkllow (b. 1807 ; d. 1882) ; John 
Greenleaf Whittikr (b. 1807 ; d. 1892) ; 
Edgar Allen Poe (b. 1809 ; d. 1849) ; Oliver 
Wendell Holmes (b. 1809 ; d. 1894) ; Walt 
Whitman (b. 1819 ; d. 1892) ; James Russell 
Lowell (b. 1819 ; d. 1891) ; fhiARLEs Godfrey 
Leland (b. 1824 ; d. 1903) ; Richard Henry 
Stoddard (b. 1825 ; d. 1903) ; Bayard Taylor 
(b. 1825 ; d. 1878) ; Francis Bret Harte 
(b. 1839 ; d. 1902) ; James Whitcomb Riley 
(b. 1853) ; and (hNCiNNATus Hiner Miller 
(“Joaquin Miller”) (b. 1841). A numljcr of 
these poets are no less, and some are more, 
distinguished as proses writers. 

Prose Fiction. American prose is charac- 
terised by much didacticism ; its earliest ex- 
amples bear <h<? impress of Steele and Addison 
and tlie Puritan div ines. In its later phases it 
has, howev er, lacked neither fancy nor humour, 
the luimour being especially racy of the soil. 
Perhaps no name more representative of Ameri- 
can kdters (H)uld be mentioned than that of 
“ Mark Twain,” Samuel Langhorne Clemens 
(b. 1835), who is essentially a humorist, vvitli 
a vein of seriousness cropping out at times above 
the surfai^e of his humour. The short story 
has been brought nearer to perfection in America 
than it has in England. Taking the writers of 
tiction in clironoJogical order, the following may 
be accepted as representative : James Feni- 
MORE Cooper (b. 1789 ; d. 1851 ), author of 
“ The Last of the Mohicans ” and other tales of 
Rc<l Indian life ; Nathan lEi^ Hawthorne 
(b. 1804 ; d. 18G4), author of “ The Scarlet 
Letter ” ; Oliver Wendell Holmes, author of 
“ lilsie Veimcr ” ; Edgar Allen Poe, an 
absolute master of the short story ; Harriet 
Beecher Stowe (b. 1811 ; d. 1896), author of 
“ Uncle Tom’s Cabin ” ; F'rancts Richard 
Stockton (b. 1832 ; d. 1902), author of “ Rudder 
Grange ” ; Thomas Bailey Aldrich (b. 183Q), 
whose “ Queen of Sheba ” is one of the greatest 
of short stories ; Wiluam Dean Howells (b. 
1837), w’ho shares with Hs]^ry James (b. 1843) 
the honour of being at the head of living Ameri- . 
can novelists, much as Meredith and Hardy 
arc prominent in England ; George Washing- 
ton Cable (b. 1844), the author of “Old 
Creole Days Jobi* Chandler Harris (“ Unolet 
Remus ”) (b. 1848) ;* Francis Marion Craw-. 
FORD (b. 1854), who, though bom in Italy, and 
devoting his talents to the description of Italian 
life, may be ranked as an American ; Harold 
Frederic (b. 1856 ; d. 1898) ; Gertrddr 
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Atherton ; and Edith Wharton (b. 1862), 
whose “ Valley of Decision ” and “ House of 
Mirth ” are among the best examples of th«3 
novel, while her tale “ The Descent of Man ” 
shows her to bo one of the best of short story 
writers now living. 

Criticism and Philosophy. Of Amerieaii 
essayists, critics, and philosophers, much might 
be written, especially of Benjamin Frankijn 
( b. 1700 ; d. 17110) ; Washington Iuving (b. 1783 ; 
d. 1859) ; Ralph Waldo Emerson ; James 
Russell Lowell ; Oliver Wendell Holmes ; 
and Henry David Thoreau (b. 1817 ; d. 1862)- 
Of more recent writers, in addition to W. D. 
How’ELLS and Henry James, may be cited 
Edward Everett Hale (b. 1822) ; Thomas 
Wentworth Hkhjinson (b. 1823) ; Charles 
Eliot Norton (b. 1827) ; Wiujam James 
Rolfe (b. 1827) ; William Winter (b. 1S.3(>) ; 
HamiltonWriihit Mabie (b. 1816) ; and Agnes 
Repulier (b. 1851). 

Science and History. In the world 
of science the nariK* of the Swiss naturalist, 
Jean Louis Rudolph e Agassiz (h. 1807; 
d. 1873), may claimcfl as AmcTican. 

American historians of not(‘ include Ceoroe 
Bani’roft (b. 1800; d. 1891); John Lothrop 
Motley (b. 18M ; d. 1877) ; Wiijjam Hicr- 
LTNG Pkes(X)TT (b. 179(» ; d 1859) ; and(»EouGE 
'Ficknor (1). 1791 ; d. 1871), mIiosc “ TTistoiy 
of Spanish Literature ’’ is one of the best works 
on tJiat diilicult subj(*c(. Some ac(pudn!anc<^ 
with the Avorks of every writer named is di‘sirablo 
in anyone who Avould be oonsidenid “well read.” 

ANCIENT CLASSICS 

Greek Literature. An excellent little 
primer on the “ Hist oiy of ( Inx'k Literature” 
is that by Sir Kieliard Jebb (Maeruillaii. I.s.), 
The study will be the more inofitablo if it 
is made supj>lementary to a study of the 
Jiistory of (Jrocee, for which i)urposo av(^ 
would commend W. Smith’s “Student’s Manual 
of Greek History ” (Murray. 7s. 6d.). One 
further jioint has to be born(5 in mind, and 
that is the importaneii of a knowI<'dge of 
mythology. 3’his in itself is a wido subject., 
but some acquaintance Avith it is a primary 
os.sential for all who wish to understand the 
language of the classics, modern as well as 
ancient. There is a useful little handbook of 
mythology by Thomas Bullfinch (Koutledge. Is.). 

The student’s next concern will bo witli 
particular authorr. : Homer, the fatluT of the 
epic ; H^’Biod, poet of men as Homer av;is 
poet of the gods ; Theocritus, the wTiter of 
idylls ; Pindar, the lyric poet ; A^iSchylus, 
Sophocle!!, Euripides, the writers of tragedies ; 
Aristophanes, the writer of comedies ; Plato 
and Aristotle, the philosophi^rs ; Xenophon, 
Plutarch, Thucyd’des, and Herodotus, the 
historians ; Demosthenes, the orator ; Lucian, 
the satirist ; and others. Wo know of no better 
introductions to the study of these mastcirs than 
the “ Ancient Classics for English Readers ” 
(Blackwood. 28 vols., 2s. 6d. each). Of the 
“ Iliad ” and the “ Odyssey ” of Homer, Chap- 
man's versions still maintain a general ex- 
o^llenco despite many rivals ; and one may 


hero commend Gladstone’s primer on Homer 
(Macmillan. Is.). For texts and translations of 
the other writers we must refi^r the student to 
the catalogues of Messrs. Froude, (’lay, Mac- 
millan, and Bell. 

Latin Literature. We know of no hetier 
infroduction to llu' study of Latin litera- 
tuie than thi* manual by Proh'ssor J. W. 
Maekail (Murray. 3s, (ki.). But A. 8. Wilkins’s 
little priiiRB* (Macmillan. Is.) and Smith’s 
“Student's Rome” (Murray. 7a» 6d.) will 
])rov(^ most helpful. To come U) particular 
works; the philosophical poetry of Lucretius; 
the lyrics of (’atulhis ; the orations of Cicero; 
th(‘ epi(* strains of Virgil ; the odes and satin^s 
of Horace; th(‘ voluminous v(‘rs(‘ of Ovid; the 
histories of (‘a‘sar, l>ivy, Tacitus, Sallust and 
SiK'tonius ; the satires of Persius, Juvenal, and 
Apuk‘ius; the ])hilosophieal writings and plays 
of the youngcT Seneca ; the eoinedies of Plautus ; 
the natural history of tlu^ elder Pliny ; the 
t‘pistk‘s of tlio youngtT Pliny ; the iqugrams of 
Ma.rtial ; the rhcitoric of (Quintilian; tlie 
writings of Tertullian, the first of tlie Latin 
Fathers — these, on(5 and all, may av(‘11 claim 
patient study. Apart from tlu^ catalogings of 
the* educational jniblishcrs already mentioned, 
tl. E. B. Mayor’s “ Jbbliographic Clue to Latin 
Literature ” will b(^ found of material assistanei^ 
to the stiuhml, AvlielhiT the quest bo a sound 
text or a eompeiont translation. 

FOREIGN CLASSICS 

Italy. After a good grounding in the 
literature of (ireeee and Rome, the student will 
turn naturally to the litiu’aturo of modern 
Italy, l)i‘ginning with Danti*, whose “ Divine 
Ojiuedy,” written at the opening of the four- 
teenth century, links the ancient with the modern 
world, and marks the beginning of what is 
called tlie Rimaissance. As a nucleus of this 
study, Riehard (hlrIU^tt’H “ History of Italian 
Literature ” (Hcinemnnn. (Is.) and Lewus 
Finstein’s “The Italian Renaissance in England ” 
(Macmillan) could not bo improved upon, and 
much help through the tangled maze of an im- 
])ortant jieriod of European development will bo 
derived from the abstract of John zVddingtou 
Symonds’s colossal liistory of “ 'fhe Renaissance 
in Italy,” w ritten by Alfred Pearson (Smith, Elder. 
7 h. 6U.). One may trace the line of Italian liUu-ary 
development from Dante through the poc^try of 
Petrarch, Ariosto, (Riarini, Tasso, ^larini, Allieri, 
Monti, Manzoni, Leopardi, Metastasio, Carducei, 
and Rossetti ; the tales and novels of Boccaccio, 
Bandello, Manzoni, (hibriele d’Annunzio, Verga, 
Fogazzaro, and .Mathilde Scrao ; and the prose 
of Macliiavelli, Guicciardini, Castiglione, Ben- 
venuto Ctillini, Bruno, Leopardi, Silvio Pellico, 
and Villari. 

France. French literature is, from a 
strictly literaiy standimint, of the first import* 
ance. One can have no more reliable guide 
in this study than Profi^ssor Dowden’s hand- 
book (Heinemann. Os.) or Professor Saints- 
buiy’s “ Short History of French literature ” 
(('llarcndon Press. l()s. 6d.). * Leaving ” the 

shores of old romance ” sacred to such works 
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aa the Chanaon de Boland ” and the ** Roman 
de la Roue/’ we may briefly indicate the vast 
stores of literary wealth in the language of 
our nearest neig^hbours by mentioning the 
histories of Froissart, De Comines, Thierry, 
Guizot, Thiers, Michelet, and de Tocqueville ; 
the poetry of Villon, Ronsard, Malherbe, La- 
fontaine, Boileau, Andr6 Chenier, Lamartine, 
Berangor, Hugo, Alfred de Musset, Leconte de 
Lisle, Beaudclaire, Th^ophile (Jlautit^r, 8ully 
Prudhomme, and Fran9ois Copj)6e ; the wit of 
Ral>elaiH, Voltaire, la Rochefoucauld, (liamfort, 
Marot, and Montesquieu ; the philosophy of 
Montaigne, Descartes, Beyle (“Stendhal”), 
Rousseau, (.'ondillac and Condorcet ; the plays 
of Corneille, Racine, Moliere, Scarron, Crebillon, 
Beaumarchais, Sardou, Hervieu and Mactei linck; 
the thoughts of Pascal and »rouh(*rt : the 
novels and tales of Marguerite de Valois, Le 
Sjige, Voltaire, Hugo, Bourget, Balzac, Boisgolx^y, 
Ih’evost, Dumas, Flaubert, Daudet, Zola, 
Merimee, Maupavssant, the brothers De Goncourt, 
Murger, Georges 8arid, Eugene Sue, Erckmann- 
Chatrian, Jules Verni^ Pierre T^oti, Reno Bazin, 
and “ Gyp the letters of Mine, de Sevigne, 
Mrae. de Stael, Mile, de LtNspinasse, and De 
'86nancour; the fables of Perniult and Lafon- 
taine ; the wiitings of Renan ; the sermons of 
Bossuct, Fcmelon, and Massillon ; the oratory of 
Mirabcau ; the acute critical work of Sainte- 
Beuve, Boileau, Diderot, Taine, Faguet, Jusser- 
and, and Bruneti^re. To the reader with a 
knowledge of the French language wc would 
commend “ Blackie’s Little French Classics,” 
in which the cream of the lit<‘rature is reprinted 
and carefully annotated. 

Germany. (Airman literature is another 
vitally important section of European letters. 
It has had a profound effect on both English 
and American thought. It is rich in romaiicf*, 
poetry, history, ))hilosophy, religion, fi(;iion, 
and works for the young. The English student 
is advised to begin liis study of the subject 
with two works by Proft?ssor Charles H. Herford 
— “ Studies in the Literary Relations of Eng- 
land and Germany” (Cambridge University 
Press. Os.) ; and “ A Short History of German 
Literature*’ (Keinemann. Os.). First come 
the tales of the Nibeltings and the songs 
of the Mastersingers, which form such an 
important groundwork for modern (German 
music, and especially the music of Richard 
Wagner. Next in importance from a chron- 
ological standpoint come the sermons and 
other compositions in prose and verse of 
Luther, Zwingli, and t/heir fellow reformers. 
Prom this standpoint may be followed the course 
of German philosophy in the writings of Leibnitz, 
Kant, Fichte, Schelling, Hegel, Herbart, Scho- 
penhauer, Von Hartmann, and Nietzsche ; 
the evolution of poetry and the drama iii the 
works of Klopstock, Lessing, Wieland, Herder, 
Schiller, Goethe, Burger, Kleist, Kdrner, Arndt, 
Riickert, Uhland, Heine, Wagn^, Kotzebue, 
Be' la Motte Fouqu4, Chamisso, Sudermann, 
Hauptmann ; the theolog^al writings of Rein- 
hard, Schleiermkcher, Neander, Strauss, DoUin- 
ger, Bttschl, Wdlhausen, and Haeckel ; the his- 


torical studiea ol GervinuBTi Ranke, Niebiduv 
Boeokh, and Mommsen ; the novels and tales 
of Goetho, Tieck, No^is, Hoflmann, Jeap. 
Paul Richter, Auerbach, Gustave Freytag, 
Fritz Reuter, and Gottfried Keller. The phflo*^ 
logical and scientific wTitings of German origia 
are far too numerous even for the barest mention. 

Spain. The literature of Spain is the 
theme of a well-written monograph by 
J. Fitzmaurice Kelly (Heinemann. 6s.) 
After consideration of the “Chronicle of the 
(/id,” the oldest epic in a Romance language, 
and the romances of chivalry, such as toe 
“ Amadis do (^aula,” the names that the English 
St udont can least aiford to pass over are those of 
Moniemayor, Cervantes, Lope de Vega, Mendoza, 
Herixira, Calderon, Camoens, Gongora, Juan 
Valera, and Palacio Valdes. It is in particular 
with reference to the history of the drama that 
Spanish literature is worthy of study. Thai 
its influence on English letters has been con- 
siderable may be gleaned from F. W. Chandler’s 
“ The Picaresque Novel in Spain ” and J. G. 
Ihidcrhill’s “ Spanish Literature in the England 
of the Tudors ” (Macmillan). 

Russia, Russidn literature, as represented 
in the work of Gogol, Poushkin, (^neguin, 
Lermontotf, Dostoievsky, Turgenic^ff, Tolstoy, 
and Gorky, has exercised considerable influence 
on EurojX'an lit(*rature generally. Charles E. 
Turner's “ Russian Literature ” and “ Modem 
Russian Novelists” and Waliszewsky’s “ Russian 
Literature ” may be eonsultod. 

Scandinavia, Scandinavia is also 
playing a great part in the formation of 
mod(‘rn literature. The dramas of Henrik 
Ibsen and the novels and plays of Bjornson 
Bjornstjerne represent Norway’s contribution. 
Denmark can boast the powerful literaiy 
criticisms of George Brandes ; and Holland the 
ix'net rating novels of Maarten Maartens. 

WHAT TO READ 

BooKs that Must be Read. The 

student who has companiod with us thus far 
is already acquainted with the books which wo 
consider must be read by all who de^sire to liave a 
siibstantial knowledge of English literature. 
Here wc purpose offering no more than a few 
concluding hints. 

The obvious reply to the question, “ What are 
the books that must bo read ? ” is. “ The Best 
Books.” But “ the best books ” for one are 
not “ the best books ” for another. Remember 
“ the jHirsonal equation ” of which wc spoke at 
page 105. In the voice of many counsellors 
there is wisdom; but this wisdom has to be 
distilled by the person who hopes to profit 
from it. 

This is but one of many reasons why 
consider the lists of “ the best books ” that have 
been drawn up from time to time 1^ well- 
known men are positively 'harmful ii taken 
as of imiversal application. At the same tiioaie 
it is quite obvious that, as Ruskin onoe wrote, 
\ well-trained gentleman should know 
literature of his own oountey and half a dozen 
classics thoroughly.” The rest may wait on 
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inclination. We are at least on firm ground 
in sa 5 dng that the studv of literature for educa- 
tional purposes is likely to be of the greatest 
value if it is based on a knowledge of literary 
history. The course, then, which we advist^ 
the student to pursue is to acquire a good 
“ grounding in general histoi’y, and then to 
study a goc^ handbook to literary history such 
as the Lectures of Frederick Schlegel (a transla- 
tion of which is to be found in “ Bohn’s Library ”) 
or the “ Short History of Comparative Litera- 
ture,” by Fred<^ric Loliee, already nuntionicl. 
Of the other literary histories which he will find 
suggestive, first place may claimed h>r 
Taine’s “ History of English Lileratun; ” (trans- 
lated by H. Van Laun, and publish'^Tl by Chat to 
& Windus in four volumes, at 2s. net). 

Tlio books in English that musti be read by 
everyone should incluch^ the Bible; Chaucer's 
“ Cantt>rbury Talcs ; ” Spenser’s “ Fainy Queen 
the whole of Sliakcspcare ; Milton’s Pa!-adis<‘. 
Lost,” “ Com us,” and the sliortcr poems ; 
Bunyan’s “Pilgrim's Progress Swift's “ Culli- 
ver’s Travels;” Defoe’s “ Robinson Crusoe’’ 
and “Moll Flanders;” (loldsmith's “ Viear of 
Wakefield ” and his two comedies ; Sheridan's 
plays; Byron’s “ (Jhildc Harold;” the greater 
])art of Seott's poems, Wordsw(U’tli, Keats, 
Bums, Cray, Tennyson, Browning and Swin- 
burne ; Lewes’s “History of PJiilosophy;” 
Gibbon’s “ Decline and Fall of llu^ Homan 
Empire;” Bacon’s “New Atlantis,” “ Novum 
Orgaiium,” and “ Essays ;” the Essays of Addison, 
Macaulay, Lamb and Hazlitt: Grtxm’s “ Short 
History of England;” (Wlyle’s “Past and 
Present ” and “ The French Revolution Mill's 
“ Political Economy;” Boswell’s “Life of John- 
son;” the novels of Fielding, Scott, Kingsley, 
Thackeray, Dickens, G<‘orge Eliot, s(5veral of 
Trollope, Meredith and Hardy ; and in foreign 
literature Homer, Plutarch, Virgil, Horace^ 
Dante, Rabelais, CervanU's, Molicn\ Montaigne, 
Goethe, Schiller, Voltaire, Hugo arid BiUzae. 

Books that May be Read. Here 
we pass to less C(*rtairi ground, but we may 
claim that throughout our studies eonsid<*rable 
care has been taken to specify, as their names 
have occurred, the works of many great writers 
which might be left entirely to the inclination 
of the gcmtual reader, though imperative 
to the student. For instance, W(^ would 
have every “ well-read ” man know* all the 
best plays of the Elizabethan dramatists, as 
these are to be found in the “ Mermaid Stories 
but wo are far from saying that tliis is not 
optional to the general reader, though it is 
imperative to the student. So Avitli such 
classics as “ The Wealth of Nations ” and “ The 
Origin of Species.” Tlie gist of Adam Smith’s 
philosox>hy and of Darwin’s science is absorbtHl 
in one’s general reading ; by which we mean 
that both of these writers have so influenced 
their contemporaries and their successors that 
few intelligent people of the present day are 
ignorant of their teachings, even though they 
may not have read their works. This is no 


excuse for neglecting either ; but the man who 
has not read “ Hamlet ” or “ Paradise Lost,” 
let us say, has an unfurnisliod chamber in his 
mind, and this could not with equal force be 
charged against him who had not road “ The 
Wealth of Nations ” or “ The Origin of Species.” 
Beyond the minimum of “ Books that must 
be read,” which we have ventured to suggest 
above, the reader may be left to rove at will 
among the treasures of our literature, ax^plying 
such knowledge as wo trust ho has acquired 
in these studies. 

Books that Need Not be Read. Wo 

have indicated above that we do not believe in 
any “ best hundred books.” A hundred books 
that have a universal appeal could not ]3ossibly 
be named by thc^ most ingenious and 
omnivorous read(*r tliat ever attempted the 
task. At least fortj^ of Lord Avebury’s Iiundred 
might be left unread, and there are not more 
than ten linoks of T.<oi‘d Acton's hundred that any- 
one but a leisured and polyglot monk need 
tn>ubre to o])en. VVi^ havt^ already named many 
books which need not be read, ami, what is 
inon^ to th(^ purpose, we liavii agreed mion certain 
methods of t(*sting a book whieli should (mablc 
each of us for himst'lf to decide what not to read. 
P\nv books are so bad as not to generate one new 
thought in tJie mind of tlio readc'r ; but so long as 
we can turn in a moment to any work whieli the 
verdict of time lias ])laeed among tlie great books 
of tlm world, w(‘ must not jiaiter with the “un- 
I>laecd ” mod(*rn writer, unless we have for 
ourselves discovered tJiat lie lias sometliing to 
t<‘ll us for which we are the better, or which 
we want to know. Above all, while we have 
tastes in eertaiii directions, l(‘t us develop 
those. 'J’hus, if we delight in history, do not 
let us waste one moment with Maine’s “ Ancient 
Diw ” mei’oly Ix'oanse Lord Acton thought lliat 
one of th(^ Iiundred best books. Let us get 
through with Gibbon — a glorious task — although 
J^>rd Aeton found no place for “ 'J’lie Decline 
and Fall ” in his amazing list. Finally, in 
history and science no book need bo read whoso 
author is known to untrustworthy ; in ])hilo- 
sojiliy none that has not been accciited by the 
mass of thinkers ; in religion, none whose author 
has not been noted for sincerity, and who could 
not have said with Whitman ; 

“ ( ’amerafio, this is no book. 

Who touches this touches a man ; ’’ 

in biography, no book that is not the work of a 
writer noted for his care no Itiss than liis sym- 
pathy and literary grace ; in |K.)etiy% none that 
has not toiiehed the heart of a generation, or 
awakened the enthusiasm of the most cultured ; 
in fiction, nothing that is not in the estimation 
of honest criticism informed with real character, 
fidelity to life, and charm of style, no matter 
how widely it may have been sold or is selling. 
All such excluded, there will still remain a 
sufficient number of great and enduring works 
of literature to o<3cupy the most insatiable 
reader throughout a fairly long life 1 
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20 Italian' b5^ F. dit Feo ; French by L. A. Barb^* B.A. ; German by Pi Gv 
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1 1 A. 1 /iL puf,'4> .‘Mi n 

By Francesco de- Feo 


PERSONAL PRONOUNS— contimiccl 

Conjunctive Forms. The forms me, a 
me, te, a te, irioi, a noi, etc., are vised when 
emphasis is laid on the pronouns; but when 
the pronoun is of secondary importance in the 
sentence, which is nearly always tlie case, tlie 
following forms must be used : 
mi for me, a me, mo, to me 


ti 


te, a te, thee, to thee 

ci 


noi, a noi, us, to us 

in 


voi, a voi, you, to you 

si 


se, a se, himself, to himself, etc. 

gli 


a lui, a esso, to him (to it) 

le 


a let, a essa, to her (to it) 

loro 


a loro, to them 

lo 


lui, esso, him (it) 

lo 


lei, essa, her (it) 

U 


loro, essi, them 

le 


loro, esse, them 


The student should here observe tlu* forms : 
nc (some, any) - - (d him, of it, from it, etc. 
ci, vi (there) — in it, in tliein, ete. 

Note. The forms mi, ti, vi, Jo, la may be 
written m\ t\ v’ V, V before any vowel ; ri mtiy 
be written c only before e and i. The above 
forms of pronoun are, as a rule, placed before 
the verb, except loro, whi(;h is generally plaeed 
after it. In compound tenses they precede the 
auxiliary, and in negative sentences they are 
placed between the negative and the verb. 
Exceptions to this rule will ho given below. 

Examples : 

1. lo ti vedn, I see thee. 

2. lo ti parh, I speak to thee. 

3. V'inviterd, I shall invite you. 

4. Vi dard, I will give (to) you. 

5. Ci mostrarono, they showed (to) us, 

0. I, non c’ d, there is, there is not. 

7. Ne lio gran rispeUo, I have a great respect 
for him. 

8. L' aveJe comprato ? Have you bought it V 

9. Li aveie vendtUi ? Have you sold them ? 

10. le abbianio vedtUe, We liave not seen 
them, 

11. Ho parlato loro, I have spoken to them. 

12. ^ Qli ho parlato, I have spoken to him. 

Noth. Qli may be used also for loro : Gli 

Itanno daJto un bnon es^pio, They have set him 
(or them) a good example. 

Obser\'o from the above examples (8, 9, 10) 
that the past participle agreee with the object 
when the object is placed before the verb* A 
past participle that precedes the object is invari- 
able. Example: Aveie apedito le lettered 
U ho apediie. " 

3784 - ' 


Exercise XXV. 

1. Li ineontreremo. 2. Ci daranno. 3. Gli 
mandarono. 4. ('he cosa (what) vi ha detto ? 
5. Che cosa gli aveto risposto ? 6. Dove sono 

i fiori cho abbiamo raceolti ? 7. Li ho messi 

liciracqua. 8. Appena (aa soon as) lo vedro, gU 
parlerd di te. 9. L'ho veduto dalla linestra o 
I'ho ehiamato ad alta voce due volte, ina non 
mi ha sen tit o. 10. La Maria ci disso che sarebho 
andata in Italia quest’ anno. II. Essi hanno 
eomprato un mucehio di libri ; li hanno lotti e 
riletti, ma son siiuiro che non ne hanno capito 
niente. 

Exercise XXVI. 

1. (Quanto (how much) avete pagato codesti 
guanti ? 2. Li ho pagati un po' caro, ma sono 

di iina qiialita eecellente. 3. Li avote trovati in 
easa ? 4. Lei si, ma nun lui. i). Quando mi 

darete (pieJlo elre m’avct-e tante volte promesso ? 
0. Se mi date dcu gioeh-ttoli io saro buono. 7. 
Avete piu carta da lettere ? Voglio (/ wish) 
scrivere al mio lihraio ehe mi mandi i libri che gli 
lio ordinati. S. Mi dispiaee (I am sorry), non 
no ho pill ; vi ho dato tutta la carta ohe mi 
restava. 9. Non fa niente, gli scrivero piu 
tardi. 

V E RES — continued 

Second Conjuge^tion. Infinitive in ere 
(long) or ere (short). ICxamples: 'temhe, to 
fear ; credere, to believe. We shall hero give 
the full conjugation of the verb crMere only, 
as a model for the verbs of the second con- 
jugation, since the only difference consists in 
the length of the infinitive. This difference, 
however, is very important, and care should 
he taken lo distinguish whether the accent falls 
on the penultimate (on the termination) or on 
the arUepe^iuUimate (on the stem). Those who 
know T^atin will notice that some verbs have 
displaced their accent in passing from on© 
language into the other. Example : Latin 
cad^re, Italian cadhe (to fall). We shall hero 
always indicate where the accent fallff. 

Credere, to believe 
Injjicativb Mood 
Present 

I believe, etc. We believe, ©to, 

credft crediamo 

credi credete 

crede erddono 

Paal IndefinilB 

I have believed, etc. We have believed^ ^to; 
ho credtUo abbitmo credvio 

hai creduto avete credulo 

ha creduto hanno creduto 








UMiOttMSS^irAI.IAM 


Imperftet 

W6 believed, eto. 
credevamo 
credevate 
cred^vano 


I believed; 
credevo 
eredevi 
credeva 

First 

I had believed, etc. 
avevQ credtUo 
avevi crediUo 
aveva creduto 


Pluperfect 

We had believed, eto. 
avevamo creduto 
avevaie creduto 
avevano cred'uto 


Past 

I believed, etc. 
crediiy -etti 
credesti 
crede, -ette 


Definite 

We believed, etc. 

credemino 

credeste 

crederonoy -ettero 


CoNDmoNAL Mood 
Present 


I should believe, eto. 
crederei 
credereMi 
crederehbe 


We should believe, etc. 
crederemmo 
credereste 
crederebhero 


Perfect 


I should have believed, 
etc. 

ax'rei creduto 
nvresti creduto 
avrebbe creduto 


We should have be- 
lieved, etc. 
avrenmio creduto 
aireste creduto 
n rrehbero cred nto 


Infinitive Mood 
Present 


Second 

I had believed, etc. 
ehbi creduto 
avesti creduto 
ebbe crednto 

Fu 

I shall believe, etc. 
crederd 
crederai 
credent 


Pluperfect 

We had believed, eto. 
a vemm o cred nto 
aveste creduto 
rbbero creduto 

hire 

We shall believe, eto. 
credere mo 
crederele 
crederamw 


Future Perfect 


I shall have believed, 
etc. 

avrd creduto 
avrai creduto 
avrd creduto 


We .shall have believed, 
etc. 

am'enw creduto 
avrete creduto 
avranno creduto 


Imperative Mood 


Believe, etc. 

credi 

credu 


Present 

Let us bcli(we, etc. 

crediamo 

credete 

credo no 


Sub j UN( rn v e Mood 
Present 


That I believe, eto. 

creda 

creda 

creda 


That we believe, etc. 

crediamo 

crediaie 

cridmw 


credere, to believe. 

Perfect 

avh creduto, to have believed. 

Gerund 

Present — credendo, believing 

Perfect — avendo credub*, having believed 

Part id pie 

Present — credente, •/, believing 
Perfect — creduto, -a, -i, -e, beli<*ved 

Exercise XXVTI. 

1. Rie(*veremc). 2. Avete beviito ? 3. So 

noi ])erdessimo. 4. T(‘mevano. 5, Non avreb- 
bero creduto. b. Avresto vonduto V 7. Ven- 
dereinmo. 8. Vendeninio. 9. Ha(egli) ricevuto ? 
19. To non ho ancora ricevuto, ma riceverO). 1 1 . 
Egli e sempre scii/.a danaro, eppuro no riceve 
seinpre. 12. Quanto cre<leto ch<^ egli abbia 
r ice v u to u 1 timainente ? 13. Rice vet to cin quanta 

lire la settimana scorsa, ma no ricevera 
altrettaiite domani. 14. Vendeninio il nostro 
giardiiio e vendcremo pure la rasa. 15. Non 
posso credere ch'egli non ahhia ricevuto il 
nostro invito. 19. Andiamo, se no perderomo 
il nostro tempo inutilmcntc. 17. Se non stiamo 
attenti, ho paura che perderomo quello cho 
(what) abbiamo gia guadagnato. 18. I^e foglie 
incominciano a eadere. 19. Quei valorosi com- 
bat terono tutti fiiio alia mortc. 


Perfect 


That I have believed. 

That wc have believed. 

etc. 

etc. 

dhMa creduto 

abbiamo creduto 

ahhia creduto 

abbiate creduto 

abbia creduto 

ahhumo creduto; 

Imperfect 

If L believed, eto. 

If wo believed, eto. 

credessi 

cred^simo 

credeasi 

credere 

oredesae 

cred^ero 

Pluperfect 

H.Xliad believed, etc. 

If we had believed, eto. 

meas^tredvio 

aviasimo creduto 

amaai creduto 

aveate creduto 

etceaae credwto 

avlaaero creduto 


Third Conjugation. Intinitive in -ire. 
The verbs of the third conjugation may be 
divided into tliree classes : 

1. Verbs in which the terminations are added 
directly to the stem in all tenses, as : vestirey to 
dross ; parti re, to start. [See page 3210.J 
The verbs belonging to this class aro very few. 

2. Verbs which, in the singular and in the 
third person plural of the present of the indica- 
tive, imperative, and subjunctive, insert the 
syllable isc between the stem and the termina- 
tions, os : ca/pire, to understand ; present indica- 
tive, cap-isc-o. 

3. Verbs which con bo conjugated either with 
or without the addition of the syllable iscy as : 
nvtrirey to feed ; present indicative, nutro and 
nvtrisco. 
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Veatire, to dress 
Indicative Mood 


I dress, etc. 

vesti 

vestt 


Present 

We dress, etc. 
vestiatno 
vestite 
vestono 


I have dressed, 
ho vestiti) 
hai vpfttito 
ha vestito 


Past Inde/inite 

(‘te. Wo have drc'ssed, etc. 
ahhiamn vest it n 
nvetc vestiti) 
hanno vestiti} 


I dressed, etc. 
vestivo 
vestivi 
V estiva 


Iw perfect 

We dressed, etc. 
rest i rami) 
vestii'afe 
vestlrario 


First Pluperfect 


I had dressed, <^te. 
avert) vestiti) 
avei'i vestiti) 
avera vestiti) 

Past 

I dressed, el(r. 
v>estii 
vestisti 
rest I 


We had dressed, t‘(e. 
averauti) rest if o 
a cerate vestiti t 
an' rant) vest if t) 

Definite. 

We dress(‘d, ete. 
vestim tui) 
vestiste 
resttrano 


Second 

1 had dressed, etc. 
ehbi vestito 
avesti vestiti) 
ehhe vestito 


Pin per f( ct 

We liad dresset], etc. 
aveuitno irstiti) 
a vest e vestiti) 
ehhero vestito 


I shall dress, (do. 

vestird 

vestirai 

veMird 


Fid u re. 

We sluill dress, etc. 
vest ire mo 
rest ir etc 
re stir anno 


Future Per feci 

I shall have dress(?d, We shall hav(r dn^ssed, 

etc. etc. 

aiYo vistito avrenw vestito 

avrai vestito avrete vestiti) 

aird vestito avranno vestito 


Dress, etc. 

vesti 

vesta 


Imverative Mood 
Present 

Ltd ii.s dress, ( 
vestiatno 
vestite 
vestano 


Sl'b.iun(’tive Mood 
Present 

That I dress, (dc. That we dress, etc. 

veMa vesti a mo 

vesta vestiate 

vesta vestano 


Perfect 


That I have dressed, 
etc. 

abhia vestito 
abbia vestito 
alibia vestito 
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That we have dressed, 
etc. 

ahbiamo vestito 
ahbiatc vestito 
ahhiano vestito 


Imperfect 

If T dressed, etc. If we dressed, etc. 

vestissi vestissimo 

vestissi vestiste 

vestisse vestlssero 

Pin perfect 

If 1 had di'(‘ssed, etc. If we had dressed, etc. 
avessi vestito avessimo veMito 

avessi vestito nveste vestito 

a vessp vestito u.vessero vestito 

(\)NDITK)NAL MoOD 
Present 

I should dress, etc. We should dress, cte. 

re^tirei vestiremmo 

vest i rrsfi y 'vstireste 

vesti rehhe vestirehhero 

Perfect 

1 should have dressed, We should have 
(dc. dressed, etc. 

avrei vestito avremnu) vestito 

ai resti vestito avreste vestito 

arrehhc n sfifo a vr ehhero vestito 


Infinitive Mood 
Present 

vesti n , to divss 
Perfect 

aver vestih), to have dressed 
(ierund 

Present ~ vestendi), dressing 

Perfect — avendo vestiti), having dressed 

Participle 

l^resent — vfslente, 4, dressing 
Perfect — vestito, at, 4, -e, dressed 


Exercise XXVlJr. 

1. Partiremo. 2. S(* fossimo partiti. 3. Non 
aprite. 4. S(‘ntite. 5. Se avessero seguito. 0. 
SolTrirebben^. 7. Quella ptWera donna soffri 
tanto quando il figliuolo part i. S. So i bottegai 
ei servissca’o male avr(anmo ragione di andare a 
spendere altrove. 9. Aprite la tinestra, fa iroppo 
ealdo. 10. l\irtirei d(unani sc avessi finite i 
iniei affari. 1 1 . Questi faru^iulli dbrmono troppo. 
12. Appen i vidcro il perieolo fuggirono tutti e lo 
lasciarono solo. 13. Quanto volte li abbiamo 
uditi dire chc^ erano stanchi di studiare ! 14. 

Veniie con me. 15. Fuggite la compagnia dei 
cattbd, e s(»guite IVs^mpio dei buoni. 

Key to Exercise XXIIT. 

1. We have workc^d more than you. 2. The 
letter has been written b'v me and not by him. 

3. If you accompany me, I will accompany you. 

4. They always think quite the contrary of what 
they say. 5. They think they are behaving 
well, and instead they are behaving very ill. 
(). Wc never have anything ; they keep all for 
themselves. '7. She is very kind, but not he. 
8. When we have been in need, they have always 
done much for us. 9. Thou thinkest always 
of thyself, end never thinkest of others, 10, 
A gentleman has asked for you. 



Kvr TO ExBfieisa XXIV. 

. 1. Dove aadate T Se* oapeFttate ano6ra un 
pooo veiT6 con voi. 2. Siete vemito in tempo 
noi paarlavamo appnnto di voi. 3. Credevamo 
che fosee lui, non lei. 4. Bisognevebbe imporare 
a far tutto da sd. 5. Abbiamo scritto si a lui chc a 


lei diverse volte, ma essi non hanno mai risposto 
alle nostre 16ttere. 6. Chi ha rotto quel vaso ? 
7. To no, 6 cascato da 8. A chi avete conse- 
gnato il pacco, a lui o a lei ? 9. A nossimo doi due, 
perch^ easi non ^rano in caaa. l(». Non so oapire 
pcrche iibbia fat to a me una tale proposta. 


Continued 
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VERBS — continued 


• Finir, to finish 

Second Conjugation. Principal Parts : 
Finir t finissant.^ fini^ je /inis, je finis. 


IndiCv 

Simple Tenses 
Preseivt 

I finish, am finishing, etc. 

je finis 

tu finis 

il, elle finit 

nous finissons 

vous finissez 

ils, eUes finissent 

hnperfect 

I was finishing, used to 
finish, etc. 
je fmissais 
lu finissais 
il, elle finissait 
nous finissions 
vous finissiez 
ils, elles finissaient 

Past Definite 
I finished, etc. 
je. finis 
tu finis 
il, elle finit 
nous finimes 
vous finites 
ils, elles finir ent 

Future 

I shall finish, etc. 

je fi.nirai 
tu finiras 
il, elle fimra 
no^is fimrons 
vous finirez 
ils, eU-es finiront 


TIVE 

Compound Tenses 
Past Indefinite 

T have finished, etc. 
j'ai fni 
tn as fini 
il, elle a fini 
nous avons fini 
i\ms avez fini 
ils, elles ont fini 

Pluperfect 
I had finished, etc. 

j^avais fini 
tu avals fini 
il, elle avail fini 
nous avions fini 
vans aviez fini 
ils, elles avaient fini 

Past Anterior 
I had finished, etc, 
j'eus fini 
tu eus fini 
il, elle e.ut fini 
Tunis enmes fini. 
vous € Cites fini 
ils, elles eiirent fini 

Future Anterior 

I shall have finished, 
etc. 

j'aurai fini 
tu auras fini 
il, elle aura fi.ni 
nous aurons fimi 
virus aurez fini 
ils, elles auront fint 


Conditional 


Presents 

I would finish, etc. 


Past 

I would have finished, 
etc. 


je finirais 

tUf^pMTfJlis 
it, elle flmrait 
funM ftnirions 
vomfimriez^ 
iUr utes fiinifaient 


fauraia fini 
tu aurais fini 
il, elle anrait fini 
nous aurions find 
vans auriez fini 
ils, elles aumient fini 


Imperative 


Present 

finis, finish (thou) 

qu il finisse, let him finish 

qu'clle finisse, let her fini.sh 

finissons, let us finish 

finissez, finisli (ye) 

quils finissent, let them (m.) finish 

qii elles finissent, let them (f.) finish 


Srnji: 

Present 

That I may finish, 
etc. 

qiie je finisse 
que tu finisses 
(/fill, qu’elle finisse 
que nous finisfiions 
que vous finissiez 
quits, qti elles finissent 
Imperfect 

That 1 might finish, 
etc. 

que je finisse 
que tu finisse^s 
qiiil, qvCelle finit 
que nous finissions 
que vous finis.siez 
quits, qfieUes finissent 


NCTIVK 

Past 

That I may have 
finished, etc. 
que j'aie fini 
que tu aies fini 
qiiil, quelle ait fini 
que nous ayons fini 
que imis ayez fini 
qiiils, qiielles aient fini 

Pluperfect 

7'hat i might have 
tinislied, etc. 
que feusse fini 
que tu eusses fini 
qiiil, qtielle eiit fini 
que nous enssions fini 
que vous eusaiez fini 
qiiils, qiielles eussent fini 


Infinitive 


Present 
finir, to finish 
Past 


avoir fini, to have finished 
Participle 


Present 

finissanf, finishing 
Past 

fini, -e, finished 

ayant fini, having finished 

Remarks. TIu^ negative, the interrogative, 
and the negative-int-orrogativo forms being the 
same for all conjugations, itr is not nocessairy 
to repeat them. 

It is to be noted that all regular verbs of the 
second conjugation have the additionar syllable 
iss in the present participle and in all the parts 
formed from it. 

The verb benir, to bless, has two forms of the 
past participle : bmi, benie and henit, bendte. 
The latter of these is applied exclusively to 
that which is blessed’ or consecrated’ by a 
religious ceremony. 
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The verb fleurir^ to blossom and to flourish, 
has two forms of the present participle, and 
of the imperfect indicative, which is formed 
from it : fleAirismnt^ fleurijssais and fjorissanU 
fUmsaais. The second of these forms is used 
exclusively in the sense of to flourish, moaning 
to be prosperous. 

The verb hair, to hate, drops the diaeresis in 
the tliree persons singular of the present in- 
dicative ; ie huisy in haia, il hmt ; and in the 
second person singular of the imperative: 
haia. Jt is the only verb that does not take a 
circumflex accent in the first find st^cond persons 
plural of the past definite and tin; third singular 
of the imperfect subjunctive: nous haimes, 
VQU8 hattea, quit ha it 

Exeucisk XXVI. 

1. When [ was a child 1 was very bashful 
(hontenjr); T used to blush (ronqir) uy) to tlu^ 

aux) eyes when anyone sj)oke to me. 

2. Tlte earth is nev(‘r ungrateful {itiqral) ; 
it feeds (nonrrir) with {(h) its fruits all thost^ who 
cultivate it. 

3. Jt is not age, it is grief {la chagrin) that has 
made his hair white {hlanchir). 

4. Jf you do not choose {choisir) a good syiot 
{nn endroit) to lay {Hablir) the foundation \lca 
jondations) of the house, you will be. obliged to 
pull it down (dhnolir). 

5. The shame of that action reflects {reffechir) 
on all those who have participated (partieijnr d) 
in it. 

6. Amongst the lr(‘<‘S, alnn)nd-t riu'S {amandicr) 
blossom (the) lirst, and nu'diars {ncfHer) last, 

7. After so many calamities {calawitc) it is 
a.stoni8hing (Hanna at) that this country should 
be (pres, subj.) so flourishing to-day. 

8. The arms whieli liavo been blessed by (}nir) 
the Church are not always blessed by (dc) 
heaven on the battleflcld. 

9. There are men by (of) wliom it is glorious 
to be hated. 

10. We (one) do not always hate tho.se 
whom we render unhay)j)y. 

11. Good books cure (querir) th(5 diseases 
(la maladie) of the mind (esprit, m ). 

12. A free (libre) people (peiiple) obeys 
(obiir), but it does not serve (su’t). 


Key to Exercise XXV. 

1. Plus il avan9ait en age, plus il avan^ait 
en sagessc. 

2. La manidre dont les Remains pronongaient 
le latin ctait tr6s differente de celle dont nous 
le pronon9ons aujourd’hui. 

3. 1 ! partagea sa fortune entre ses trois enfants. 

4. Scion un proverbe fran9ai8, Tappetit vient 
en mangeant. 

r». II appelle sur son bienfaiteur los bene- 
dictions dll ciel. 

0. On dit d'un homme qui dissipe sa fortun<\ 
qu'il jtflte son argent par la fenetre. 

7. C'ette lettre nous annonc<5 une bonne 
nouvelle. 

5. La leyon commence a la page soixante-dix. 

9. Envoyez cette yiendule chez Thorloger 
pour qu’il I’arrange. 

10. Je gagerais volontiers cent francos que co 
n’t^st pas lui qui remy)ortera le yirix. 

1 1. En mil six cent soixantis Charles II. 
flit rayipele an troiu*. 

12. Co poisson est trop y>etit ; rejctez-le dans 
Teaii. 

1.3. (^uand les yiecheurs seront en y)leine mcr, 
ils jetteront lours filets. 

14. (\*ux qui emploicnt mal leur tcmy)s sont 
les premiers a so plaindre dt' sa briev<;te. 

ir>. La himioro emploie de sept a huit minutes 
a nous venir du soUmI. 

10. Nous pardonnons sou vent; a ceux qui 
nous eiinuiont ; raais nous pardonnons rarenient 
a (Hiux ((lie nous eimuyons. 

17. Nous avons achete la viifloirc an prix de 
nos nuMlleurs soldats. 

18. CV- qu’oTi a(;hete en d(d,ail est y>lus cher 
qm^ ce qu’on acdieti^ im gros. 

19. 11 a gek‘ tout(^ la nuit ; s’il gele encore 
domain, nous yiourrons yi(Mit-etr(^ yiatiruu* samedi. 

29. Dieii a tire* hi ciel et la ttMTt^ du iU‘ant ; il 
les a cr<*es par sa parole. 

21. Agre^ez, Monsieur, mes salutations rcs- 
pectiKHises — forniulo qu'on emploie souvent 
en term inant uno lettre. 

22. On est quelquefois oblige de ceder aux 
eirconstanci5s. 

23. Ce n’l^st yias lui qui possede sa fortune, 
e’est sa fortune qui le y)oss6de. 

24. Tout chernin m6nc a Home, dit le yirovcrbe. 


By P. G. Konody and Dr. Oaten 


GERMAN 

VERBS — continued 

LXXVI. Copulative Verbs, The verbs 
fein, U'cvtvn. blcibeu (to remain), Indjifii (to call, 
name), fd^eineii (to seem, appear), fcuuffii (to seem, 
sippear) form the connecting iinlc between two 
nominatives — that of the subject, and that of the 
complement: (St (nominative) iff, mirb, blcibt, 
buuft (mir) ein ^etru^cv (nominative), he is, 
is getting, remains, seems (to be) a cheat. 

LXXVII. As in the case of the copu- 
lative verbs several verbs may bo connected 
with two accusatives, that of the object and 
that of the noun in apposition with it. Such 
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verbs are: licipm, to call; ridjwcn, vveifeu, to 
praise; fc^cUeu, to scold; fdpwvfcu, to abuse; 
taufen, to name ; tuniicii, to name. SDIan l)iej i^n 
(accusative) cinen .^cltcii (accusative), They calliH) 
him a hero; er uaiiutc il)n eincu ilcrfditmtcr. He 
called him a slanderer. Oluf^mrn and vreifen arc 
often used with the (‘onjunction al^ (in the 
capacity of): !Der T^ireftor rufjmtc, prie^ il)n (accu- 
sative) al^ (conjunction) ciucu verlaplid^eu ^eamten 
(accusative), The director prais^ him as a 
reliable employee. When brought into the 
passive voice, the two accusatives are changed 
into nominatives: Clt (nominative) irurbe etn 



(nominative) ; tt tvtttbe etn 1^er(aumber 

getiatitit ; ev mxU ))om ibirefrcr a(« ein vert&fiiid^ct 

^eamter (^erujimt. 

I.XXVI11. Verbs Governing the 
Accusative and Infinitive : fet)en, to 
see ; l^oren, to hear ; fuljten, to feel ; pnbcit, to 
find ; (c^ren, to teach ; laffcit, to let ; inarf)en, 
to make ; ^ei^eu^ to command, etc. ^(3^ fal) ibu 
(acousative) fallfU (infinitive). F saw him fall ; 

(lortc ba^ SWabd^fii jiiii^eii, I heard the girl 
sing ; ful)(tc mein flovfcn, I felt my 
heart beat; fatib i()tt lytt aii‘3fel^en, I found 

him looking well, etc. If the dependent infini- 
tive is a copulative verb, the two obligatory 
nominatives [see LXXVI.] are changed into 
accusatives. Thus, if faffen stands with the infini- 
tive of the copulative verb fein, the subject of the 
latter and the following noun are changed into the 
accusative: (?r (apt belt 3ufciU (accusative) fciucii 
5»d;vev (accusative) fein. He lets chance be his guide. 
Sentences with a proper object in the aettusative 
(that is to say with transitive verbs) naturally 
have two accusatives — one of the object de- 
pendent on the governing transitive v'(‘rb, and 
one of the object dependent on the infinitiv’^e. 
The sentence: frtl), trie bet* (subject 

nominative) feiue Sliic^et (object Jiccusative) aiut; 
breitete, I saw how the bird spread hLs wings, 
is changed into: fa^ ben (accusative) 

fcinc 9(iu)el (accusative) aiuH^rciten (infinitive), 
I saw the bird spread its wings. horte, trie 
bet t^iinfllec ein ?ieb faiU 3 , T heard how^ the artist 
sang a song; and; 3icl) Ijorte ben .tiiniftlcv ein l*icb 
fingen, T heard tlie artist sing a song. 

LXXIX. Displacement of the Verb 
in Independent Sentences. If an inde- 
pendent sentence is introduced by an adverb or 
an adverbial noun, the verb has to precede the 
subject, and has to occupy the same position as 
in tne independent question; I'ldj bin l)icr (adverb 
of place), and; >>icr bin ivh. (?tt flibt fcinc 'ittirfiuivt 
c^ne Urfvtd^e, There is no effect without cause, 
and: Clpic Urfacfic iybt ciJ fcinc 'HUrhuiyV 

L.XXX, Verbs with Accusative and 
Genitive. Many verbs with an “ object of the 
person” (transitives and reflectives) require a 
complement “of matter” in the genitive. Kx- 
amplo : entfjeben, to exempt from, to dismiss from ; 
(ft cntf)ob ilpi (ixyrsonal object) feinev !!lhrvfiict>tnnv 3 
(genitive), Ho released him from his obligation. 
Verbs requiring such eompleraentary genitivt*s 
are ; anfla^cn, befc^ulbupn, bcjiditigcir, ^cif^cn, to 
accuse ; ubevfiif;rert, to convict ; ciubinbcn, cntlcbii^cn, 
to release from, to deliver ; enfffeiben, to divest ; 
erinnern, to remind ; frei'u'vcc^cn, to acquit ; 

to assure, etc. : ITic (Mcfd^imencu fpraefien 
bctt Sltt'^cflac^te (accusative) bc^ ^^crbccd^cnd (geni- 
tive) frei, The jury acquitted the defendant [of 
the crime]; JT^cr tHn'fldgcr bcf^ulbi^fc il^n (accusa- 
tive) bet f^veffli^en Taf (genitive), Theprosecutor 
accused him of the monstrous deed ; entbinbe 
bi<!| btined a3crfvve<!^cii^, I release you from your 
promise. 

The following reflective verbs require also the 
genitive of matter with the accusative of the 
person: (fi(^ finer anne^wen, to interest 

oneself in ; bebienm, to. help oneself ; bem^d^j 
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ti^en, to seize ; entftnnen, to remember ; freuett, to 
rejoice in; ru^men, to glory in; f(^amcn, to be 
ashamed of; crbvirmcn, to take pity on, etc.: 
IJd^ nabm niid^ (accusative) feiiier (genitive) an (se- 
parable prefix), I took interest in him; T>u 
bientffl bid) wetne^ You made use of my 

influence; t?einb bemad^ti^te fid> bet JVcfluna, 
Thc^enemy seized the fortress; 'IlUr enfftinten uiu< 
bfki ivveinbcn. We remember the stranger; ^l)tfrcut 
fud^ bc^ iifbcn^, You rejoice in life ; ftc tuf^mcn pd) 
il^rcr I at. They glory in their deed. 

LXXXI. Interjections. These words 
are outside the syntactic structure of the sen- 
tence, and therefore do not generally govern 
other nouns, though they may require depen- 
dent castes or certain prepositions, such as aiif, 
liber (on) : 'lifui libct (4) bid) ! Shame on you ! 
'^idiaube auf (4) ibn ! I)isgra(‘e on him! Depen- 
dent clauses can also be added to interjections : 
'l>rni, fdiaiuf bid>, bap ba fo uinvabv biP! Fiol Be 
ashamed to be so untruthful! 

LXXXII. Omission and Displace* 
ment of the Auxiliary Verb. To achieve 
increased vivacity and force, the finite auxiliaiy 
verb may sometimes be droppi?d from the end 
of a subordinate clause: 'iLUv bcfticy^cu, uad'bcm leir 
baei Alxiutf I'cvlapcu [batten], bca 'liHa^cn, We got into 
the carriage after having left thc^ house ; 3>fv 
J>Hd)tfv pci il)m, bci'cr cv y^cenbet Ibattc], iiw "Bert, 
The judge interrupted him before he had finished. 

1. Omissions of finite auxiliary verbs occur 
frequently for the sake of euphony, to avoid tho 
clashing of forms sounded alike: 2!)er 'Brief, ber 
v^eftevn friib abitfvvm^eu [ipj, ip erP bcutc 9lbfnbei 
eiUitefanytt, 1’ho letter wdiiidi was despatched 
yesterday morning, has only arrived to-night; 
ber aUaim, ber each affayV fbatl, l)at pd) aiit eadi 
ciaea ^djer; i^caiad>t. The man who told you of 
it has made fun of you. 

2. Th(* displacement of the auxiliary verb 
irerbca occurs when the same forms w'ould 
follow' each other direetly; for instance, in: 
'>d> beffe, bap ber jaav^e 3)laaa aab ba? aWdbchfn ciii 
aliidtid)Cti "paav nnvbcn werbeu, 1 ho|)e that 
the young man and the girl will bwome a happy 
couple; one of the tw'o ,,irerbeu" must be dis- 
placed, so that the sentence would read: ^^cb boffc, 
bap ber jaiu^c Baa a aab ba(f Babd)ca rrerbca ein 
^lufflid)f<^ 'iHiav wevbca. Sometimes an adverb is 
repeated for similar reasons; ^ebalb bic ffrad)te 
rcif trerbea U'crbea, U'crbca unr pe abacfimea. As soon 
as the fruit becomes ripe, we shall gather it, is 
changed into: '3obalb bie ivracf>tc iverbca rcifiiu’vbca, 
fobalb (repeated) U'crbca U'ir pe abncljaica. 

LrXXXlII. Elliptic SentenceA. Force, 
vivacity, and conciseness are sometimes brought 
about in German by the omission of the predi- 
cate, if the meaning of the curtailed sentence ia 
not impaired by this proceeding, or if tho 
missing words can easily be understood; [•Sfi] 
Billfeaimen! Be welcome! Bc^cr [femmt ^ijx] 
bc«J Belted? Whence do you come? Jteiiif 
'Jlofe [gibf ts or iP] etjne JDorn^n, There is 
no rose without thorns. This elliptic form 
frequently occurs in proverbs and proverbial 
sayings. 
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LXXXIV. Tenses in Dependent 
Clauses. In German the rules which govern 
the tenses in principal sentences and depeijdent 
clauses are not very strict. If the principal 
sentence contains a verb in the present, perfect, 
or future, any of the sLx tenses may at times be 
employed in thci dependent clause. But it is 
safest to make the t(*nse of the dependent clause 
agree with that of the principal sentence, 
especially if the verb of the dependent clause 
is in the subjunctive mood. 

EXAMINATION PAPER XX. 

1. What are copulative verbs, and whi(!h verbs 
belong to this group? 

2. If the complement us(‘d with a copnlalivc* 
verb is a substantive, in what <;ase must it 
stfind ? 

3. What verbs aie used with two accusatives, 
and into which case are these accusatives 
changed, if the senti'iico is transposed into 
the passives voice ? 

4. Which v<‘rbs govern the aeeusativ(‘ with the 
inlinitiv(^ ? 


6. What is the result, if this infinitive is a 

copulative verb ? 

6. How many accusatives arc under these 
circumstances used with the transitive verb ? 

7. In what manner are the words displaced if 
an independent sentence is introduced by 
an adverb or an adverbial noun ? 

8. Which verbs require a complementary geni- 
tive with the object of the person ? 

9. Which prepositions are required by certain 
interjections ? 

10. For what reason are the finite verbs some- 
times omitted, and whicli class of verb can 
thus be droi)ped ? 

11. When is it necessary to displace an auxiliary 
verb, and which auxiliary verb is subject 
to this displacement ? 

12. What omissions occur in elliptic sonttmees, 
and M'ht‘n is sucli a curtailment admissible ? 

13. Is it necessary to make the kmse of the 
<itq)end(‘nt clause agrei^ with that of the 
principal sentema^ ? 

14. Und(‘r what circumstances is it prcfiTable 
to inak(' them agree ? 


CONVERSATIONAL EXERCISES 
III. In the Street 


Which is my b(‘st way to King Str.H'i? 

Straight on to the ehureh, and tlu'n the fourth 
turning on the right. 

Thank you very much. 

Would you kindly (ell me wIuto the cathedral is V 
At the cml of the next turning on tlu‘ hdf. 

How far is it to the Zoologu^al Gardens? 

Scarcely five minutes. 

Oh, it is very far from hen*. 

Is there any ’bns or t ram going tlu^re? 

Oh ye,s, you can get tliere by 'bus. 

Which is the High Street, pl(‘ase ? 

The long stre^et of)}>osit(; tlui church. 

Would you kindly tell me where there is a 
tolnu^conist ? 

How do I get to the Home- Hotel, please ? 

Round the corner, and then the second on the rigid 
I want to go to the museum ; which is tin 
shortest way ? 

Could you tell me the tinui ? 

Half-past five. 

May 1 troubk* you for a light? 

IV. 

Do you keep picture postcards ? 

Here, if you please. 

I want some with the museum, the ehureh. 
Royal Palac(\ 

How much is a dozen ? 

Due mark twenty pfennigs. 

Here are ten marks. Will you, pletwe, give 
the change in one-mark pieces ? 

I want a hat. 

Of what kind ? A top hat; a felt hat, or one of 
straw ? 

A soft grey felt hat. 

This one is too big for rao. 

Here is a smaller one. This one fits well. 

What is the price ? Nine marks. 

Can you send it to me at the hotel ? 

1*11 put down the address. 
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'h'ic hi) am bcftcu in bic Jibnii^aftvafK ? 

('•jcvaoc ,pir .kivcl;c, nub bciim bic vievte <£iva^e 
rcd)(e. 

?sd) baiifc beftciu\ or, 2)anf. 

.Hbuncu ‘^ic mlv cicfalli^pt faivib 'vo bic Jiafljfbvalc iff 7 
V(m «'ubc ber nadf>f(cii '^fra^c 
'•UUc ivcit ift ca j^um 3ooli.\pfc(}cu (SJavtcu ? 

,H'aum fiinf iyiiuiitcu. 

D, iil febr U'cit I'cn l)icv. 

Wibt eiucu ^©icllmaiv'u eber cine ^i^fcvbcbaT)n bvil;in ? 
O ja. fcmicii mit bem Dmuibim l)iufcmmcii. 

'■Bittc, U'cid'c ift bic a^auvtftrapc ? 

T^ic laiti^c ^traf;c ly^ynubcv bci* .Uird;c. 

.Wbimtcu (0if mir ipitivift fai^cn, mo l;icr ciu IJ^abaF? 
labcu ift ? 

'•llUc fomme id) ^pim .'>otcl 9icm, Ihttc? 

Urn bic (5df, mib baim bic pocite 0rrafjc vcdira. 

Ad) mid iiad) bem ^lufcum ; mcldmo ijl ber fin^efte 

.Hbriiifdi 0ic mir faiicn, mic fvat (mic oiel Ul;r) ift? 
.v>alb feeb^ 11 ()r. 

JDavf id; urn S'cucr bitten ? 

the Shop 

a^abcu ^ic 7lnftd;tofartcu ? 

.pier, bide. 

the Ad; inbd;tf mclc^e mit bem ailufeum, ber dlitd;e, bem 
.ftbnie\lid>cii (Sdiloifc baranf. 
foftet bao JDu^cud ? 

(5’im aiivuf itman.pg ^ilfciinivF. 

me S^Ux finb jel;!! 3)iarf. C^kben (Bic mir, bitte, ben 01e|l 
ill SWarfiluitcn. 

Ad; braiid;e cineii ^&ut. 

5l9cl(bcr \Hrt? C^incit ^i;linber, euicn ebet 

cine u aim (Btvof; ? 

I^ineu mci^fu t\raiicn Silj(;ut. 

JDcifer ift mir ju i^rog. 

-^licr ill ciu flcmercv. JDtefer fi^t QUt, 
a9aci fojlet cr ? Dleun aitarf. 
dfennen (Bic it;n mtr in^ .§otc( fd[;tifen T 
3di mill bic 9lbreffe aufffi^reiben. 



How much ift the umbrella in your shop- window t 
Which one do you mean ? 

The black one with the silver handle. 

Eighteen marks. 

That is too dear ; haven't you got a cheaper one ? 
Oh yes, but not of such good silk. 

I should like to change English money for 
German. 

Is it gold or paper ? 

I have some sovereigns and fivc-pr)und notes. 
How much of each ? 

Ten pounds in gold and fifteen in not(‘s. 

How many marks do you reckon to the ix>und ? 
Nineteen marks 75 pfennigs. 

Don’t you want some small change as well ? 

Will you kindly change marks for English 
money ? 

How much do you reckon a pound sUu'ling? 

Wc charge 20 marks for one pound. 

T have 420 marks, that would bo £21. 

Can I have £l in silver ? 

Do you want half-crowns, or shillings also? 


IJI9KIUAQ«»<-«MNISli 

feflit bet fHegenfc^itm in ^lu^'fagefenfltr ? 
tneinen ? 

5Den fc^iravjen mit bem fitbevnen tariff. 

9ld;r jc^n SWarf. 

iff mir ju feuer ; f;abfU Sie nidi)f eiiim binu^rrrn ? 
D ja, abfv aii^ fo feiner @fibe. 

3d; mcdbfe flernc en^fiWf^ (^elb beutfebetf elitJ 

ivecbfeln. 

3(1 16 0!ldb cber «Pabicr? 

3^ f;al'e ciniiV ^evercivpi^ tmb 'tlfunb^Olotcu. 
'Bic vtd \jcn jebet ^Sovie ? 

3cl)n 'tlfuub in Wolb unb fiiut^dpi in ^flrten. 

U'ic inel SOlavt bercci^nen v^ie bvn3 ^Ifnnb ? 
mu 19 aWavf 75 tlfennii^e. 

'i^rvuic^fit <3ie nid;t and; cinic^ctS J^lcii^efb ? 

'li'Ollcn (Sie mir ^efafliiO't '!*9?arf iii eni^lifd;c^ OlolD 
nmu'fc^^fffn ? 

9lUe bcrcd;itrn 0if ba^ ^llfiinb ^^teilimj? 

SiBir bfrednten 20 SDlarF fiir tin 'Bfuiib. 

3d; f;abc 420 IVarf, batx u'iirbc alfc £21 ant^mad;eu. 
JUinn id; ciu 'Bfnnb iu >&ilbcr t;abcu? 

3Bnnfd;cu ^le l;albc .Uroucti obev and; ' 2 d;i(liiu 3 o ? 

CorUinued 


SPANISH ‘’''"^S'syr" By Amalia de Alberti O H. S. Duncan 


DEEORE proceeding further with the study 
^ of the verbs, it may bo well to pause for one 
lesson the more thoroughly to comprehend certain 
important points which affect one’s knowledge 
of what may termed the living language of 
Spain ; points which have ^lerhaps not been 
sufficiently insisted upon in previous lessons. 
In all languages there is, of course, the literary 
and the commercial use of words, and while a 
student who has had his attention concen- 
trated on one or other of these uses, but not 
equally on both, may truly have a^*quired a 
good working knowledge of tJie foreign tongue, 
lie is in danger of lacking the readiness of applica- 
tion which comes from knowing the varying 
values of words and modes of composition. We 
have so far endeavoured chiefly to give in our 
vocabularies and our exercises such examples 
as might be considered of “ literary ” rather than 
“ commercial ” use, holding that the knowledge 
of any language for its own sake should always 
take precedence over its application to the uses 
of the market-place. Hut at this stage it is well 
that our consideration of Spanish should proceed 
with increasing regard to the work of, say, 
a Spanish merchant’s office in one of our great 
cities, or clerical work in one of the Spanish- 
speaking countricB of the old or new world. 
1ms also should be mentioned at this jKiint: 


that in pertain of the passages which wo have 
transcribed from standard Spanish authors, 
words occasionally, though rarely, occur which 
in more recent years have become somewhat 
archaic, just as in English speech words are con- 
stantly undergoing modification. It should also 
be noted that the Spanish authors of the past, 
tho^h thjjd most entertaining and instructive to 
read> not only make use of certain archaic words, 
but also of phrases, which, while the student 
should be ^ familiar with them, are not to bo 


reproduLH'd by him in writing the language. Ho 
must avoid such forms as 

Defftnat for de ef<tas 
De1U>fi ,, de. ellns^ etc. 

All such eases, so far as our readings in this 
course arc affected, are covered by the words 
and iffirasos in the following brief vocabulary : 


Vocabulary 

’rho grandfather 
grandmol her 
A share 
The fiumer 
Sea water 
The flag 
A trunk 
The libraiy 
The country 
A desk 
A suigt^on 
A mendinnt 
Inasmuch iis 
Destination 
To contend 
All endorsement 
A sculptor 
The stars 
To exaggerate 
Field flowers 
A picklock 
A gipsy 
A guarantee 
A throat 
A sentry-box 
The gamekeeper 
Until 
Heliotrope 
A man of knowledge 
Incredible 
A shawl 


Vocabulario 

El ahiiclo 

La abuela 

Una aecioii 

El agricultor 

Agua de mar 

r-.a bandcra 

Un bail I 

La biblioteca 

El campo 

Una carpet a 

Un cirujano 

Ihi comcrciante 

U'Omo quiera que 

Destino 

Disputar 

Un endoso 

Un escultor 

1^8 estvcllas 

Exagerar 

Flores sil vest res 

Una ganzua 

Un gitano 

Una garantia 

Una garganta 

Una garita 

El guards 

Hasta 

Heliotropo 

Un hombro instruido 

Inoreible 

Un mant6n 
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A doctor 

Foreign country 

Picturesque 

A porthole 

The cousin 

The sunset 

Tile hand-bag 

A joint-stock com])any 

A slash 

The grocer 

Draper’s shop 

The undo 

^'ho aunt 

Wholesale 

Miscellaneous INula se 


Un medico 
Pais extranjero 
Pintorcsco 
Una portilla de liiz 
El primo {fern . , la prima) 
La puesta del sol 
El saco de mano 
Una Kociedad en com- 
Xhi tajo [andita 

F]1 espcciero 
Tienda 6 almacen de 
El tio (tejidos 

La tia 

La vent a al por mayor 
; Fu AS ES SlJELTAS 


Lot us count our money 

To go to th(‘ eoiifec- 
tionor’s to eat past ry, 
take ices, and drink 
lemonade 

Wti were fortunate to 
obtain a private audi- 
ence of the Pope 

I am glad to conu'. home 

The bookkeeper is mak- 
ing up tlu5 accounts 
for the end of the year 

This gentleman has a 
letter of credit upon 
our house 


Contemos nuestro 
dincro 

Ir a la confiteria pfira 
c o m e r p a s t e 1 e s , 
tomar he.lados, y 
beber limonada 

Fuimos afortvinadoH 
en obtener una aii- 
dkuicia privada dt^l 
I*apa 

Me alegro do volver a 
casa 

El teiiedor de libros 
esta liJieiendo las 
cuentas de tin de ano 

Este Caballero tione 
una (^arta do crdlito 
contra nuestra casa. 


Importance of Accents. TnsigniUcant 
as these may appear to a beginner they are 
really of vital impoi tance, as the omission or 
misuse of them may <‘iit.ir(^ly alter the t<‘nse 
or person of a verb, confu.se verbs with substan- 
tivt«, and one substantive wilii another. 

Examples. Yo aino, I love ; el a mo, he 
loved ; el armu thi^ master or owner. 

Yo hable, I spoke ; hahle Vd, speak you ; (jiie 
yo hahle (subj.), that [ may sptaik (imp.)’ 
mo speak. 

El Papa, the Pop.*. ; el fHijHt, the fatlier. 

These examples might be multiplied imk'tin- 
itoly ; but they will siiflico to demonstrate the 
importance of thoroughly mastering the use 
and position of the accent. 

Article, Gender and Number. For 
the present puiqxiae lliose thre<? may be con- 
sidered together in their relation to one 
another. Special care must, be taken to make 
the articles and adjectives agree in gender and 
humber with the substantives and pronouns to 
which they relate. Verbs must also agrex* with 
these as 'regards number, and likewise in 
gender, where the past participle is employe 1 
adjectivoly. The rules already given should 
bo carefully studied. 

Examples. El Emperador Neron fue cmeh 
iaimo. The EmiKjror Nero was most cruel. 

Esa mv^Jutcha es aimhilisima. That girl is 
most ASPtiiable. 

una hernwm hihlioteca y alyutws libros 
espUnaidoa, I have a beautiful library and 
pojAe aplendid books. 
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El mar estd placido, The sea is caJm. 

Las stnoras estdn senladas en el salon. The 
ladies are seated in the drawing-room. 

La moral de las naciones di/iere. The morals 
of nations differ. 

Las ensas que tengo compradas no me guMan, 
The houses which I have bought do not please me. 

Jt might be noted here that a number of words 
change their meaning entirely according to the 
gender of the article employed. 

Exampltss. El capital (capital, money) ; 
la capital (capital of a country) ; el exarie (cut) ; 
la corle (the C^ourt) ; el drden (order, sequence) ; 
la orden (order, command, mandate) ; el papa, 
the father ; la papa, the potato. 

Dates, Days, Months. The first of a 
month is variously called el primero del mes, 
el primer dia or el dia primero. 

Note that th(i final o in jtriinrro and tercero is 
dropped when used before masculine noun. 

The days are written with a small letter and, 
like the dates of the month, fire preceded by 
the article el. The months are si^clt w^ith a 
ef 4 >iia.l : El domimjo, el 11 de Eeptiernhre, el 
7nes de Agosto. 

Euphony. This is also a very ini])ortant 
point in speaking and writing Spani.'^U elegantly, 
imt fortunately tlu^ rult is easily a(5(|uired. 

JietViie words begiiiuirig with i or the iin- 
iisj>irate<l h followed by i, be careful to use e 
for “ find ” instead of tlie usual i/ {ce-grieqa). 
Similarly, before words beginning with o it is 
usual to use d for “ or ” thus ; 

Ese ho^inhre es coharde e. ingralo. That man is 
cowardly and ungrateful. 

1a>s Caballeros e. hidalgos, Cenitlemen and 
noblemen. 

Sal CO error u omision. Errors and omissions 
t‘.x:cept(Ml. 

Feminine words b(‘ginning witli a on which 
the stress falls tcike the. maseulino article: 

El alma^ the soul ; el aqua, tlu^ water ; el 
atm, the mistress. 

Errata. We tfike this opportunity of 
jiiiniing the following important corrections of 
a series of ermrs which unfortunately we were 
unfiblc! to correct in all the copies containing 
page 2917. 

Personal Pronouns (Accusative) 

Lc (juiercK I like liim 
I Ah quirro, I like her 
Lcs quiero., 1 like them 
Las quiero, I like them (f.) 

Personal Pronouns (llativo) 

Ja‘ hahle, I spoke to him or her 
Le di, 1 gave Jiim, or to him or her 
Lc. compre, 1 lK)ught him, or for him or her 
Le quilc, I took from him, or her 
Les envie, I sent them, or to them, or to you 
Le habU d el, I spoke to him 
Le haltle d ella, 1 spoke to her 
Me dijo algo, lo eual no escuche. He said sopie- 
thing to mo to which I did not listen [page 
3207J 

flemos matado al ladron, Wc have killed the 
thief [page 3350] 


Continued 










THE GREAT ITALIAN MASTERS 

The Efflorescence of Italian Painting:. The Art of Filippo Lippi and 
Botticelti. The Umbrian School. Raphael, Andrea del Sarto, and Titian 


Group 2 

ART 
26 

UIH'lt.tltX OK ART 

culiMtiiiKd froTi) I 


By P. G. KONODY 


OENAISSANOE painting, like architecture and 
sculpture, was born in Florence, and its 
cradle is me Branoacci Chapel in S. Maria Novella, 
with the frescoes of Masaccio, which have been 
the source from which many succeeding genera- 
tions of artists drew their inspiration. It was 
iho tendency of the Renaissance to give its due 
to the human body, to deliver it from the 
tyranny of the spirit, and Masaccio (a.d. 1401 to 
1428) was the first of the painters to represent 
the nude Jiving and in all its beauty and strength, 
in the “Expulsion” and the “ Baptism.” He 
also departed from the generally prevailing 
practice of arranging the figures of his com- 
positions in one row, in the manner of the 
ancient relief, or of placing them one above tiie 
other in diminishing size. His figures oc^cupy 
their right places in the receding planes of 
the landscape and live in tlie surrounding 
atmosphere. They are full of dignity and 
expression, whilst the folds of their draperies 
have the amplitude of the best classic models. 
Altogether, his work marks an immense step 
forward in the direction first indicated by (liotto. 

Filippo Lfippi. His artistic heritage was 
divided among many of his followers, chief 
among whom is Fra Fili[)j)o Lippi, the worldly 
friar, wliose love of life and beauty found 
expression in many exquisite easel pictures 
and in the fine frescoes at Prato and Bpoleto 
Cathedrals. The emotions expressed by him 
are not purely spiritual, like tliose of Fra 
Angelico, but intensely human. A healthy, robust 
type of peasantry served for his models ; and 
his sense of beauty and loveliness and pleasure 
in the jt>y8 of the world is r<^flected by the gay 
splendour of his palette. Domenico Veneziiiiio, 
who is credited with the introduction of oil- 


painting in Italy, was, above all, a master of 
technique, a naturalistic painter whose chief 
concern was the pictorial rendering of move- 
ment and expression. Paolo Uccello was a 
scientist, (diiefiy absorbed in the investigation 
of the laws of perspective, and an excellent 
painter of horses, dogs, birds, and other animals. 
His colour was freqmmtly qiiite arbitrary, and 
used almost in the manner of the mediaeval 
illuminators. The National Gallery possesses 
an interesting battle picture from his brush, 
illustrating how the field of painting had widen(‘d 
since its liberc-tion from me exclusive rule of 
the Church. 

Representations of Contemporary 
Life. Under the cloak of scriptural illustration, 
Benozzo Gozzoli (a.d. 1420 to 1498), a follower 
of Fra Angelico, dealt in his extensive series of 
frescoes in the Pisan Campo Santo with general 
scenes of contemporary life, in which the customs, 
costumes, and types of his day are recorded with 


vivacious cliarm and groat truth to Nature. 
[Scie page 725.J His frescoes at the Riccardo 
Palace represimt a sciuie of gorgeous pageantry 
of fifteenth century Florence. Among those who 
were strongly inlluenced by Masaccio, t)io 
sculptors VeiTOcchio and Pollajuolo take a high 
place in the art of their tim(% thougli only 
few of their pictures have come down to us. 

The Art of Botticelli. The Renaissance 
leaning towards classic learning found its 
supreme^ expression in Fra Filippo’s pupil, 
Sandro Botticelli, one of the most personal 
and fascinating of the world’s great masters. 
His strength lay in the marvellously cx])re8sl\e 
use of decorative line, the like of which can 
only be found in the art of Japan. He used 
colour not so mucli to deceive the eye into belief 
of the plastic reality of things as to strengthen 
the eifect of the line. T)ie> rliylhmic movement 
of the human iigure in dance, the fluttering of 
drapery or of flowing locks in the wind, cannot 
be <*xpreHsed more happily than in his ” Allegory 
of Spring ” [71 J and “ Venus Rising from the 
For his compositions w\ih more concerned 
with producing a beautiful decorative pattern 
than with making tlui figures live in their 
surroundings, which are frequently quite con- 
ventional. Botticelli was profoundly steeped 
in the “ New Learning ” of the period, and his 
pictures often show a curious hhmding of the 
Pagan and the Christian spirit. His “Madonna ” 
[page 800] and liis “Venus” present very much 
tiu* same type of face — nuOanclioly, timid, pure, 
scarcely beautiful, but intensely fascinating. 

Filippino Lippi. Bottioolli became in 
his turn the master of the latt;er’s son, Filippino 
Lippi (a.d. 1457 to 1504), who combined many 
of his master’s qualities wuth a sense of chtinly 
lM?auty in expression and rich i^olour. In his 
earliest important work, the completion of the 
frescoes b(*gun by Masaccio in S. Maria Novella, 
he tried with remarkable success to adapt 
himself to the manner of his great precursor ; 
but in his later frescoes in the Strozzi Chapel 
he introduced such a florid mass of ” Renais- 
sjince ” detail, classic architectural motives with 
a t^mdency to over-decoration, Homan armour 
and trophies and instruments, that one is apt 
to* overlook the really romarkalile expressiveness 
in the varied gestures and movement of the 
figures. His most charming qualities appear 
quite unadulterated in sueli easel pictures as 
bis “ St. Bernhard,” in the Badia in Florence [72], 
and the “ Madonna with SS. Jerome and Dominic,” 
at the National G.allery. 

Pietro della Francesca (a.d. 1415 to 1495), of 
Borgo S. Sepolcro, in Tuscany, stands between 
tht‘ Florentine and the Umbrian schools. The 
transpc.rent golden tone in which his landscape 
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71. ALLEGORY OF SPRING, BY BOTTICELLI ylndcrson 


and figures arc in tlic earliest approach 

to the modern conco/jition of painting open-air 
sunlight. He, too, was a master of perspective 
and foreshortening, and was endow'ed with a 
rare sense of pure beauty. One of his finest 
works, the “ Baptism of Christ,” is to bo scon 
at the National Gallery. His pupil, Luca 
Signorelli, of (.Cortona, the author of a great 
series of frescoes at Orvieto Cathedral, may 
]iorhaps host be; described as a painter of Imman 
Jiinl)s and of muscular activity. Ho delighted 
in illustrating scent;s in which ho could intro- 
duce seething, passionate crowds of unclothed 
humanity in every possible stage of violent 
movement ; but he w as not a painter of the 
“ nude ” in the modern sense — that is, an artist 
who will paint the figure for its lK*auty of form 
and surface texture. For that his drawing was 
too hard, his colour too dry ; and the charm 
of tJio female form escaped his jicrception. 

The Umbrian School. Umbrian paint- 
ing was an offshoot of the Sionese school, 
modified by Flonmtine teaching. It never 
attained artistic independence, and was always 
more or less tied to the illustrative tendency. 
The Umbrians were more concerned with 
tenderness of sentiment and intensity of religious 
exprc.ssion tlian with form and line and move- 
ment for their own sake. A long succession of 
minor artists, who need not here be enumerated, 
culminates in Fietro Perugino, the most typical, 
as ho was the most accomplished master of the 
school. His scriptural pictures — and he painted 
few, if any, others — are ‘'peaceful, serene, de- 
tached from this world [73]. He painted t^o life 
of the soul and not of the body ; and the lovely 
Umbrian landsca]ii^s in which his figures are 
sot, li^dsc^pcs that open up the whole depth 
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of space, range after range of billowing hills 
under a limpid blue sky, only enhance the effect 
of pure spirituality. As a master of space 
composition ho was only surpassed V)y his groat 
pupil Raphael. 

To the same school belongs Pintiiricchio, one 
of the most productive freseo painters of the 
fifteenth ec‘nt ury. Tlvc decoration of the Borgia 
apartments at, the Vatican in Romo, and of the 
library of Siena Cathedral, ari^ his chief works — 
masterly space eom]K)sit.ions which, however, 
in their excessive love of splendour, of sump- 
tuous gold, ultramarine and red, overstep the 
natural limitations of decorative wall paintings. 

Influence of the Paduan School. 
Meanwhile, the Renaissance movement had 
made equal progress in Northern Italy. In 
Padua, Squarcione, a payiU^r wlio had travelled 
in Oret^ce and brought back with him a fine 
colleetion of antique sculptures, was the 
founder of a school based on the study of those 
antiques. His great pupil Mantegna (a.d. 1431 
to 1506) was entirely imbued with the classic 
spirit, and treated his paintings in a noble, 
sculpturesque style wdiich has mu(;h in common 
with relief work. His “ Triumph of Caesar,” 
now' at Hampton (^:>urt Palace, shows the 
extent of his classical and antiquarian knowledge 
and his masterly draughtsmanship, thou^ 
his frescoes in the Gon/.aga Palace at Mantua, 
which have for their subject scenes of contem- 
porary life, show even better the power of his 
brush. The Paduan school exercised con- 
siderable infiuence over Milanese and Venetian 
art in the fifteenth century, particularly over 
Bramantino in Milan, and the Vivarini in 
Venice, though Venetian painting was soon 
directed into other channels. 
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The Splendour of Venice. The power- 
ful mercantile Republic of V(‘nice was never 
t}ie soil for humanism that Florence had been. 
Accustomed to gorgeous pageants, pomp and 
ceremony, and luxurious life, and living in an 
atmosphere that cannot but develop a keen 
sense of beautiful mellow colour, these wealthy 
traders required an art that should be neither 
academic nor didactic, an art that should not 
reflect classic knowledge or stimiilaU^ thought, 
but an art that should Kiflect tlu^ sy)lendour of 
their daily surroundings and appeal tlirect to 
the senses through tlie musical quality of 
colour. In Florentiru^ painting colour had 
always been subordinate to line ; the Venetians 
wore the first seliool of real colourists — paint(;rs 
who thought in colour, not in line ; who studied 
the colour appearance of Nature, and rcaiden'd 
the tru(^ appearance of things in ])iginent -- true 
paintx^rs, in fact, in the mocl<‘rn sense of the word. 
The introduction of oil-painting by Anlonello 
da Messina was of iru‘stiniable advantage to 
the achievement of this new ideal in painting. 

The Bellinis. The brothers (dovanni ;».nd 
(fentile Bellini show already the germ of the 
Ven<;tian tendencies whic*h were to culininc.tc 
in Titian and Tintoretto. ffeiitile revolh-id 
in liistorical ]noccssional pictures of Venetian 
life, a type of work in which Vittore (*arj>accio 
achieved the greatest fame. Giovanni B(‘llini's 
paintings liave a noble, 
classic dignity of style, 
an almost monumental 
character. He strove for 
the typical ratluu* than 
the individual. His 
i*(»lour is rich and har- 
monious, though not as 
sensuous as that of tin* 
later niaslcTs. 'Two 
otlicr niJLstcrs of the 
earlier Vcncti.in school 
must licrc he nuMitioncd 
‘ -(."ailo Crivclli, a ]»ufiil 
of the <‘ld('r Vivarini, 
and strongly iidlucnccd 
byMaiUx'gna ; andGima 
da Coiicgliano, 
altar-pieces arc* 
character and 
colour. Crivclli, whose 
love of carefully (executed 
detail rivals the early 
Flemish mastei's, is mag- 
uilicently rexiresented at 
the National Gallery. 

Towards* the end of 
the fifteenth century 
there was scarcely a city 
in Italy that was not 
a centre of some im- 
];ortaut school, and 
could not boast of some 
masUn-B of more than 
local reputation. When 
the sixteenth century 
flawned, painting, though 
still frequently employed 


for the decoration of architecture, had to a great 
extent become an end in itself, indcxicndent ot 
the other arts. 

Lionardo and Raphael. Leaving Venice 
and returning to Florence) and (Vmtral Italy, 
w'c come to the man who inaiiguratcd the greatest 
period in Italian art — the period when supreme 
technical mastery went hand in hand Avith idcuil 
lx*auty and classic' perfection. 'Phis .man was 
Lionardo dix Vinci, that universal genius w'ho 
could master and acliieve greatness in every 
X)hasc of intelleclual and artistic activity, 
Haxihael was an oclcetic who, gifted by nature 
with a rare* capacity for assimilating all that was 
most admirable in the art of those tliat had gone 
lic'forc him, conscuously combined these qualities 
in works that have for centuries been held up as 
the acmic* of perfection, and liave, through aca- 
demic teaching wliich c*ncoijrag(*s the cold, soulless 
imitation of all that is ])urely formal, exercised 
a deterrent iuflucnce on tlu^ evolution of art-, 
l^ionardo, loo, hcxl assimilatc'd the accumulated 
cxperienc'c. of tw’o centuries of painting, but. 
with him this j)rocess was unconscious, and 
though the perfection of his work sounds a 
unique personal note, thc'rc was notliing liis 
brush could not express — emotion or serenity, 
charai'((‘r or pun? hcviuty, strength or temder- 
ni‘ss. Ke was a master of line and of c*oloar, of 
movtunent aiicl t‘xpj*cs.sion. Volumes have been 
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written about the deep significance of every 
figure in his “ Last Supper ” fresco, in Milan, now 
a complete wreck, which scarcely re 
fleets a dim shadow of its former 
gk)ry. And the mysterious enig 
matic smile of the “ Momia 
Lisa*’ has become the stock 
plitase of a generation of 
art writers [76]. 

Called to the Court of 
the Sforza in Milan, 

Lionardo Ixjcaine the 
head of an important 
school, from which issued 
such masters as Luini, 

Beltraflio, Gauden/io Fer- 
rari, and the Sienese 
painter Sodoma. Lionardo 
himself produced but few 
finished works, and forms 
in this respect a marked 
contrast to his gi*eat 
rival Michelangelo, whose 
work is tr\ily titanic in 
character and in extent. 

His ceiling of the Sistine 
Chapcjl al(>n<' would be no 
inconsiderable result |74] 
of a life’s work. We have 
alreac^ dealt with the 
master’s stMilpture. In 
painting he shows the 
same powerful grasp of 
the human form, the 
same passionately height- 
ened vitality, the same 
grandeur of design. But 
he wiis not a colourist 
m the sense of the 
Venetians, or of Lionardo. 

His geniUsS was more 
sculptural than pictorial. 

His strong personality 
attracited many followers, 
of whom Selwvstiano del 
Piombo achieved gi’eat 
Raphael at one period fell under his spell. 

**The Perfect 
Painter.” Of the 

other Florentines of 
the period. Fra Bar- 
tolommeo and Andrea 
del Sarto enjoy the 
widest fame. The former, 
a follower of Savon- 
arola’s, eschewed all 
'worldliness in his art, 
and painted in his early 
period many serious and 
solemn altar-pieces of 
great beauty and liar- 
moniously blended, mel- 
low colour, though later 
in life he attempted 
more ambitious works 
of pompous character, 
but without much sig- 
nifieimoe. Andrea del 
3 *^ 



73. THE VIRGIN ADORING, BY PERUGINO 
(Natioiml Gallery, J.oudon) 

fame, and even 



Sarto, who earned the epithet ^ ** ^ 
painter,” approached the Venotiaiw in his "eon-. 
ception of colour. Perfect in drawings 
with a rare sense of beauty and 
grace, he lacked power of expres- 
sion and depth of feeling. In 
Northern Italy, Correggio, 
whose chief works are to be 
soon in Parma, is the most 
typical master of the late 
Renaissance. An artist 
of great nervous sensi- 
bility, ho had little con- 
cern with nobility of form 
and carefully - measured 
rhythm of line. His art 
is intensely emotional ; 
the expression of his 
“Madonna,” as of his 
“ Magdalen ” and his “ lo,” 
is almost ecstatic in its 
intensity of delight or 
grief. His real medium 
is light and shade rather 
than colour and line, and 
he almost rivals Rem- 
brandt in his rendering 
of chiaroscuro. 

Raphael marks the 
turning-point of Italian 
art — Venice always ex- 
cepttid — which after his 
dtnith degenerates into 
eclectic mannerism on the 
one hand {vnd crude 
naturalism on the other. 
Of Raphael’s pupils, Giulio 
Romano and Perino del 
Vaga continued for a while 
his tradition, but towards 
the end of the century 
Bologna took the ■ lead. 
The (^araoei and Guido 
Reni and SassoftuTato 
and other eclectics are, 
however, scarcely worthy of a place in a short 
survey of the world’s arl , except to typify the 
shallow depth to which 
paint ing luwl sunk after 
its glorious effloreseenco 
at the beginning of the 
century. The natural- 
ists flourished especially 
in Naples, where Ribera 
painted numerous scenes 
of torture and other 
horrors wdth bold use 
of contrasts of light and 
shade. 

Giorgione. In 

Venice thesixteenth cen- 
tury is inaugurated by 
three glorious masters — 
Giorgione, Palma, and 
Titian. Of the first of 
them only few pictures 
can be identifi^ with 
certainty, but they 
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74. PORTION OF THE CREATION OF MAN, BY 
MICHELANGELO (SisUue Cbspel, Vatican, Home) 




suffice to secure him a position among the elect. 
He knew how to express the emotion of the 
figures in the sur- 
rounding land- 
scape; he was the 
first, in fact, that 
did not paint the 
background merely 
to fill in a pleasing 
manner the space 
between and Ixs 
hind the figures, but 
made the figures 
live in their sur- 
roundings. ,Hewas 
an idealist whose 
art was the fruit 
of his imagination. 

Palma. Palma, 
who owed much 
to Giorgione’s ex- 
ample, was intoxi- 
catexl with th(^ 75. three sisters, 

sr‘nBU 0 U 8 beauty of (Dresaer 

Veni<*e and of her 

daughters, and revelled in painting the luxurious 
charm of their rouncied forms and golden hair [75 1. 

Titian. Titian stands for the highest achieve- 
ment of Venetian art. He was, p<*rliaps. the 
g»*(‘aU^st colourist the \v<»rld has ever seen, and 

could do justice to everv . 

ti'.sk by winch a pairit(‘r . ~ 

may be coni' ronlocl. That 
be could express in terms 
of colour the most c.xalted. 
emotions of tlie hiiiiian 
soul is proved by such 
works cas his “ Assiimjj- 
tion,” at the V\*nic(^ 

Academy [sc(i page ISI]. 

In space composition he 
rival letl the gr«^at<\st 
Tuscans. 'I’lie sumptuous 
glow' of liis colour is 
only rivallctl by tlie 
rhythm of liis lineai* 
composition, and in })t)r- 
traiture Ik* ranks with 
VelasqiU'z and Kcm- 
brandt. 

Tintoretto and 
PaoloVeronese. 

Wliilo in the later part 
of the sixt('enth cc'ntury 
the rest of Italy was 
given over to uninspired j 
eclecticism, Tintoretto I 
and Pac^lo Vtironese | 
worthily upheld the 
gi‘eat tradition of Vene- 
tian painting. The 
former, who had chosen 
the motto, “The de- ^ 

sign of Michelangelo, the colour of Titian,” 
was endowed with a fecund imagination, was 
a complete master of the human form, and 
of all effects of light, and a gigantic worker. 


75. THREE SISTERS, BY TALMA VECClllO 
(Dresden <3aUery) 
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76. MONNA LISA, BY LH)NARDO DA VINCI 
(The Louvre, Paris) 

colour of Titian,” and expre.ssiveness. 


who devoted himself with preforenoo to decora- 
tive tasks on a monumental scale. His principal 
works were exe- 
cuted for llio 
Hoge’s Palace and 
the Scuola <li San 
Roeco, in Venice. 
Paolo Veron(*se, 
oim of the grcat^*st 
inasb'rs of com- 
position and a 
sumptuous colour- 
ist, was above all 
the pai nUu* of 
Vi'neiiau festive 
life. His subjects, 
true enough, are 
chosen from Scrip- 
ture, but the scenes 
are invariably clad 
ill t he gorg(^ou8 cos- 

tumo of sixteenth 

UY TALMA VECClllO ceiitury Venice, 

Uallery) wliicli they bring 

viviiily before our 
eyes. He loved the beautiful surface appearance 
of things, and did not troubles much about their 
inner meaning. [See Plate fe,eing 3793.] 
Canaletto. Tintoretto and Veronese an^ 
followed by many florid imitators, but tlu' (*nd 
of tlu; seventeenth c(*ntury 
produced a new “ gt*ur(*.^’ 
of whicli the elder (’ana- 
Iclto is the chief repre- 
sentative. Ho was a 
purely objective paiuUa* 
of the archit<;ctural 
f(*atnres of this floating 
city of palac<‘s, whicli ho 
r(‘('<)r(l('d with git‘at lovo 
of detail, without, losing 
sight of the i*lh;ct of 
massed light and shade. 
Krauccsco (biardi chose 
similar motifs for his 
jiiclurcs, but treated 
them in a less topo- 
gra])hical spirit. His brush 
is mori; licpiid and broad, 
his tone; silvery and 
cr<‘amy, bis atmospluTo 
truer than Canaletto's. 

Tiepolo. The last of 
llio mast(*i-s of Venice 
was 7’i<‘polo ( Ib9()-177(l), 
who cat(“red foi* tlie 
craving of his time for 
florid spUsidoiir — a great 
colourist, wlio nuKhdlod 
himself on his great€*r 
])recursors of the six- 
tceiith century, but 
’ totcJly lacking in ideas 

and expre.ssiveness. He diwoted himself chiefly 
to decorative paintings for ceilings and W'alls, 
and died in Spain, whither lie had been 
summoned as painter to the Court of Madrid. 
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HEALTH THE VITAL NEED OF PURE AIR 
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Pure Air is Essential to Health. Sources of Impurity in the Atmosphere. 
Rain, Sunshine, and Wind as Purifiers. Poisonous Air in our Homes 


By Dr. A. T. SCHOFIELD 


INORGANIC particles form the third class of 
^ impurities in air and include lead, arsenic, 
xino, copper, brass, sand, chalk, phosphate of 
lime, clay, coal, rust, dust of glass, and in 
special trades dust from saw grinders, cutters, 
miners, potters, watchmakers and paint workera. 

The Evil of Dust. Dust is a great evil as 
well as a nuiNan<’C. It has lately increased greatly 
in our country roads owing to motor traffic, and 
has become such a danger and annoyance that it 
must certainly be k*8.sencd, partly by improved 
structure of vehicles, and partly by a more 
dustlcss construction of roads. In towns it has 
changed in character with the introduction of 
W'ood pavements, the ground-up fibres of which 
make an irritating dust when dry, and a most 
tenacious mud wln n wet. 

Dust is of three principal varieties — nutritious, 
harmless and hurtful. Amongst nutritious dusts 
arc those of bakerit's, boric mills, and w'ood 
turneries. It is said that w^ood dust actually 
fattens. Amongst dusts that are. on the 
whole, harmless, wt* are glad to reckon coal. 
Were this not so, life in cities would be very 
fatal. Anyone who has seen tlu* ap|x'arance 
after death of a LondoniT’s lungs and a 
countryman’s cannot but he struck with the 
great difference. The Londoner’s lungs are of 
a greenish black, and are full of grit every- 
where, apparently choked with it, and yet the 
man lives and dies without his respiration 
suffering; but tlmse of the eountryman are a 
fresh pink, and quite clean. The reason coal 
dust doe.s not injure and tear the lungs is 
because the corners of the. little particles arc 
not sharp, but rounded. London air is not, 
therefore, primarily unlxealthy on account of 
the eoal dust it contains, but on account of the 
organic poisons with Avhich it is laden. 

Many Kinds of Dust. Hurtful dusts are 
of several elassf^^, — vegetable, mineral, chemical 
and animal. TIktc are in the first place those 
that are vegetable irritaiits, which arc of no great 
account unless constantly breathed for a pro- 
longed period. Sucli is the dust from wool, hair, 
silk, cotton, flax, lieiiip and jute mills. 

We then get mhieral irritmttH, such as dust from 
stone, glass and sand, and also from metals — 
steel, iron, and tin dusts, w'hich are very irri- 
tating. The peculiar danger of knife grinders’ 
du.st i.s tliat tlio trade is conducted in draughty 
buildings, prcidLsposing to colds and chills, and 
tlie dust itself constantly inlialed is a mixture of 
stone grit and steel dust. These irritating dusts 
are liable to s('t up some form of consumption. 

It is found that coal-miners have least 
respiratory disoast's, thus allowing that coal dust 
is harmless; while tin-miners are the worst 
sufferers from lung diseases, which are four times 
S708 


as numerous among them as among ooal-miners. 
Next, we get potters and file makers and 
cutters, three times as numerous; and then 
quarrymen and wool and cotton factory hands, 
twice as numerous. There are, besides, poison- 
ous chemical dusts, such as bleaching powder, 
bichromate of potash, white lead, phosphorus, 
and arsenical wall-papers. Besides phthisis, 
lead dust produciw colic ; the dust of copper 
and braas, etc., produces ague, and that of 
pho.sphoru8 causes diseases of the jawbone. 

Lastly, and most pemioions of all, there arc 
all sorts of septic animal dusts from hospitals 
and diseased persons, from manure works, from 
hides, and from all d( ‘composing animal refuse. 
Some of the worst of Ihcsi* are the numerous 
<lricd particlt'fi of cx|)cc‘t oral ion from diseased 
people, and it is in eons<Mni(»nce of this that 
vigorous efforts are l>(‘ing put forth to make 
expectoration in public places an offence. 

'riic imm<‘diate vieiiiity of gravcyiirds, briek- 
fiekls, and infectious liosjiitals has somctlmos a 
bad effect on health by causing impurities in the 
air ; also tl»' proximity of chemical works and 
offensive trades. 

Breathing as a Source of Impurity. 

We will now look briidly at the leading sources 
of these impurities, which are respiration, 
combustion, stagnation, trades, towns, marshes 
and invalids. 

Of all those sourc(‘S, respiration — or. rathei*, 
expiration — is the chief. In expiration each 
person, if at rest, gives out about *6 cubic feet 
of GO.J per hour, or 1(5 cubic ft. of GO.j per 
day. If the person lx* at wxirk, much more (JO.j 
is given out, as the amount rises in proportion 
to the amount of work done. In hard work 
it will rise to as much as 15 cubic ft. per hour. 
The expired air, being also laden wdtU moisture, 
saturates the air with water vapour. 

But, besides this, the expired breath is laden 
with effete animal refuse, and it is this, with 
CO.j, that makes it so pernicious. We have, 
therefore, three change.s in it produced by 
rtispiralion — it becomes laden with 00^, with 
water, and with animal refuse. 

It is computed that 2,000 people in one 
hour produce carbonic acid gas containing 
1 cwt. of pure carbon and about 17 gallons 
of water. The animal matter given off is so 
poisonous that, if this breath be condensed on 
the w'all of a close room in the form of drojis of 
water, one single drop of the fluid will poison 
a rabbit. 

The skin of the body also expires, or perspires, 
and from this source also a vast ma/bs of 
impurities enters the air. 

Various Causes of Impure Air. Com* 
bustion is another cause of impurity. The 
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bamini^ of gas, lights, and coal iires produces 
carbonic acid and other gases. But we must 
note that carbonic acid gas produced in this 
way is very different from that produced by 
expiration, for it is free from all poisonous 
organic particles. 

Stagnant air has a diminution of oxygen and 
an increase of CO.^, and in fogs a groat, deal of 
solid matter is suspended. 

Trades give off innumerable particles and 
poisonous gases, and need not be enunuiratcd. 

Towns are another source of impurities on 
account of the crowded life and the indoor 
exisUmce. In a room there are ten times as 
many bacteria in the air as there are in town 
air ; and in town air there are tcui limes as 
many bacteria as tbero are in country air. 

In addition thei-e is jjouselioJd dust of every 
sort, and street dust laden with particles of 
manure. 

Poisonous exhalations emanate from marshes, 
which are also the birth-plaee of iuscels that 
cause malaria. 

Invalids are ever giving off exhalations of a 
specially poisonous nature, while in all infectious 
diseases the air is laden with contagious particlci.. 

The Health Value of Rain. Agents 
which cleanse the air from tliose derdements are 
rain, ventilation (external and inttsual), preve n- 
tion of smoke, plants, sunshine and wiiul, 

Jlaiu is a great ])uritier of air ; how great , 
but few realise. Perluips one of the best 
ways to prov(< this is to go out with a ivliitt^ 
waistcoat on a dry day and on a wet day. 
If rain he prtjventcd from falling on the w'aistcoat, 
it will keep quite clean on a wet day Another 
test is the diffenuice in the tai.te of tlie air after 
rain, for air breathed through the mouth has 
a dtx'idtd taste*. If we «‘XJimin(‘ raiu-walt-r, we 
shall find it tilled wuth inijnirities which it has 
washed down from tlic i\\\\ 

Jn the best systems of ventilation of churehc.s 
and other large buildings, one of the procoss<*s 
is to wash all tlu* air that is admitted by imita- 
tion rain (water running down ii lin(‘ string 
screen), thus ensuring its i)urity. It is therefore 
fortunate for us in one way tluit this is such a 
rainy climat<?, for there is no doubt that from 
this cause town air is nnich ])urer than it would 
otherwise [h\ 

A combination of rain and t*h*ctrieity, as in a 
thunderstorm, not oidy ])uiilics the air, but 
refreshes it by storing it with ozone. The air in 
towms, therefore, is at its best and ))urest after 
such a cleansing storm. 

Air in Towns. External ventilation con- 
sists in the ventilation of t()W'ns by the abolition 
of courts, cul-dc-sacH and narrow streets. To 
secure the best air in a town, it should have 
plenty of parks, and streets :U) ft. wide, with 
footpaths 24 ft., making at least bO ft. betwe<m 
the houses, but no back -to- back houses 
and no places without a through draught. 
We must remember that the air when it tirst 
reaches a town is country air. It is a curious 
fact that in so many of our towns the west end 
is the fashionable quarter, and on investigation 
it is found that this is connected with the question 


of external ventilation, for in towns where the 
west end is the fashionable suburb the prevailing 
\vind comes from the west. It is (widont, there- 
fore, that those who dwell in this locality get the 
purest air, for they get it just fresh from the 
country, whereas those in the east only get it 
w'hon it has passed over tlu^ whole city. Internal 
ventilation, or ventilation proper, is the other 
aspect of the subject. 

The prevention and consumption of smoko 
are Initii of great iinportanee, and not only make 
a town cleaner and brighter, but, tlu‘ough more 
ptirfect etm) bust ion and deereast'd use of raw 
coal, prcv<mt many deleteriousproducts, (‘specially 
sulphur fumes, from entering the air. It is com- 
paratively an easy matter to ])roveiit smoke in 
fa<;tories ; the diflieiilly is to do away w^ith it in 
}>rivate houses. I'lie remedy will j)robably come 
from the supply of elf'etrk’ity at so cheap a rate 
that heating will be largely done 1 ) 3 ^ its means. 

Nature*s Purifying Agents. Plants, of 
course, absorb CO .j. and give out oxygen, so that, 
theoretically, sufficient plants to absorb the CO.^ 
giv(*n out 1 ) 3 ^ a man should ke(‘p the air iRn*fe(dly 
])ure. Anyhow% tlii'ie is no doubt that trees in 
the parks and in the stivetsof a city arc* of great 
nse, and assist in ]Mirifying the air. 

Tile sun is a miglity purifier. Not only by its 
lu^at. and its light, but by the elu'inieal nctiim 
of its aeiiiiie ra 3 's, it rapidly burns iq) and destroys 
the germs that swarm in the air. It does anotlier 
thing. It imikes the dirt visible, and a person who 
walks tlirough a sunbeam, where tlu? air. tliick 
with dust of all kinds, can be plainly s(‘en, dis- 
tinctly hesitatc's l)(‘fore be breatlu's such a thick 
and nasty compound. 

The last puritier of which we have to sjieak 
is Avind. \V(‘ must, Jiow<*ver, point out that 
it is also a great introducer of impurities as 
W(‘Il as a reinovt'r of tluMii by assisting v(‘nti- 
latiou. When all the road-swee})irig.s are blown 
up ill clouds, and all the dust wliiils round in 
eddies, tlu* wind is seaicely acting as ii jniritier. 
'riie st(‘!itly boM'/. M, wliieli, without so much as 
raising the dusi, eaiisi^ tin* air to move ra.pidl>'. 
do much good. Aii’ fr(u|iu‘ntly by this aid 
trav(‘ls 10 to 14 inilo’ an hour. If you stand 
in Oxford St 10(4, with such a. west wind blowing, 
tlu* air yon breathe is hardly town air at all, for 
it was ovi r Wiinbliulon and Jtaiiies (Vimnions 
a tew minnt(‘S hefoic, and thi^ town ;iir is 
quickly blown out to ht^ piirilhd in the eountiy. 
Wind, therefore, is of tiu' greati'st \alue, for 
nothing can be Avorse than .s tagnant aii-. 

Air Indoors. Some idea Avill have ht^**ii 
formed by now hoAv far avo are from breathing 
pure air out-of-doors, in toAvns, at any rate; but 
all this is as nothing compared to tlie (piality 
of the air indoors, on Avliieh avo have not yet 
touched. 

'riu^re is one count ry in the Avoild in a higli 
state of civilisation Avluu*e the question of venti- 
lation is of no importance, and tliat is Japan. 
Here, owing to the paper wtxlLs of the liouses 
and rooms, and their extraordinary mobility, 
the air indoors and out-of-doors is more easily 
kept alike than anyvAdiere else ; and it is (piite 
possible that in our intimate as.sociations with 
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Japan we may find aome principles tiiat could 
be adopted with advaata^ even here. 

Of course, our great difficulty in England is 
not only the solidity of our houses, but the 
inck^mency and changoableness of our climate, 
in which nearly every attempt at ventilation 
causes a horrid draught. 

Ventilation is, of course, the scieiKse of eflfectually 
changing the air indoors witJunU drangfU, and it is 
a science of the greatest importance to the health 
and well-being of this country. 

Out-of-doors the air is genc^rally in more or less 
rapid movement, and thus, even in the heart of 
London, fresli breezes from the country, travel- 
ling at from 10 to 15 miles an hour, frequently 
come from the fields and flowers, and the air is 
being continually changed. The largest crowd 
cannot makt.^ the air cJofK% and it is only wlum it 
is allowed to stagnate hat it becomes injurious. 
Tlenc^i the danger of courts and alloys which 
have only one entriince, tlie buikling of which 
is now wisely forbidden. No ; the evil n^ally lies 
in the extraordinary folly we display in our 
dwellings, where, as a rule, with evtM*y arrange- 
ment for comfort and <‘vcn luxury, none is 
definitely made indoors for securing pure air 
for the breatli of life. 

Poisonous Cottages in Fine Air. 

It is certainly startling to find what numbers of 
people arc thus poisoned in the finc.st air in the 
W'orld. In the count ry, and in Scot land especially, 
the death rate from consumption is very high 
amongst the women in proiK)rtioii to thi* men ; 
and this is undoubt(?dly due to the indoor life 
of the former as compared witJi the latt^.*!*, for 
any greater c;onli*ast, between the air of a High- 
land mooj‘ and that of a Highland cottage it 
would be hard to conceive. Jt is for a similar 
, reason that so many people d(*rive small 
lienefit from tluur seaside change, 'riiey spend 
half thiur tinu; — their niglits, at any rate — in 
such small, stuffy, over-crowded and poi.sonou8 
rooms, with windows that do not open at the 
top, that the good of the fresh breezes of the day 
is quite undone. 

In tlie Hebrides, consumption is almost 
imknown, for the cabins there, built of unhewn 
stones, allow an abundance of fresh air to enter, 
while a groat square hole, IS in. in diameter, in 
the roof, carries ofl* all the foul air. On a large 
estate on the mainland, where this primitive 
state of things was w itli the bi'st intentions dom; 
away with, and the rough shanties were replaced 
with iM'at cottages, whose walls and roofs were 
hermetically scal<'d wath plaster and w']iitewa.sh, 
and whu,se window's and doors w{?rc clo.se- fitting, 
the mortality speedily increased, in spite of the 
greater comfort thus afforded. 

Air in Hospitals. Vear.s ago, in the 
Franco-Prussian War, numbers of the wounded 
soldiers were placed in draughty barns, the 
hospitals being over-crowded. Cold and com- 
fortless as these barns were, those who were in 
them gnl Avell more quickly than those who were 
in hospital, simply because they hod more fresh 
air ; and similar experiences have repeatedly 
occurred in otlier wars. It cannot be too muen 
insisted on that close air is as poison to the sick. 

S800 


With repaid ^ afx^essky of providiog pm 
air in our bouses, there is another thou£^t mich 
will bear repeating. As to our food, we. can 
go about and select it when and where wo will, 
and cat it at certain times ; as to our clothes, 
we can choose them where and when wo will 
with equal ease ; but as to the breath of life, 
we are compel k^d by an inexorable law of Nature 
to draw in whatever air we happen to be standing 
in, about 17 times every minute of our lives, 
day and night, without ceasing^ or about 
9.000,000 times every year, whether it bo pure 
or poisonous. Wliat an amazing importwee, 
then, ait«ichcs to this one question of ventilation 1 

Gradual Poisoning by Vitiated Air* 

Another fact also shows the vital import- 
ance of thoroughly understanding this subject. 
The poison of carbonic acid gas is like those 
poisons (firscnic, etc.) selected by scientific 
murderers for their victims, in that it is insidious 
and gradual in its action. By constant habit, 
greater and greater quantities of it can be taken, 
profoundly injuring the whole system, though 
not absolutely tlcstroying life. There are many 
rooms in w'hich we live, and especially in which 
W'e sleep, which got in such a state that a person 
introduced into them from the open air is nearly 
stifled. 

Tlie reader will soon demonstrate this if, some 
morning, lu‘ will get up and dress and go straight 
out-of-doors for a few minutes, shutting up the 
imventilated bed-room, and then return and shut 
himself up in it and try to breathe. 

It muvst never, however, bo imagined that 
because we can get accustomed to poison, it 
dots ns -no in jury. The contrary is the cavSe, 
and chronk^ slow poisoning is the worst. 

The (constant breathing of impure air producC/S 
blood-poisoning of the most profound descrip- 
tion, knoum as anjcmia. In this terrible disease, 
all colour goes from the face, and even from the 
lips and gums ; the breath is short, the blood 
itself watciy, and the whole system a prey to 
other passing diseases. 

The Vital Need of Our Lives. It can- 
not be too widely known that we ow’e our lives 
to the power the fresh air has of entering a room 
and the foul air of leaving it If a man 
enters a large dining-room and seals up door, 
window and ijhimney, he can exist one hour 
on the air it contains and no longer; then he 
will die. His life does not depend on the size of 
the room, but on its ventilation, and this people 
so ofttm forget. 

Ventilation, then, is the process of intro- 
ducing into our rooms pure air for inspiration 
and getting rid of the impure air of expiration 
freely and without draughts. 

One very great difficulty exists with regard 
to all ventilation, and especially amongst that 
class whose health is really their wealth and 
capital, those who earn their daily broad ly 
hard work in towns. We must remember that 
fresh air is cold, and that impure air, as it is 
breathed out of our lungs, is warm, nearly blood 
heat, or 98^, and it is this fa^t which oonstitutes 
the fundamental difficulty in ventilation. 



The Royal Commissioll of 1865 on the Housing 
of the Working Classes wisely recognises this, 
and says: “It must never be forgotten that 
the human body has a desire and a need for 
warmth, and that fresh air, which is so necessary 
to the health of a well-nurtured body, chills the 
half-starved, ill-clad frames of men and women 
whose homes have been described.” 

Fresh Air Costs Money! The simple 
truth is this. The poor find out that by 
far the cheapest way of warming a room 
is by their own breath, and thty thei'Cifore stuff 
up every crack and crevice, close door and 
window, and crowd closely together, rigorously 
keeping out that on which their very life depends 
— ^pure air. And were it not for the chimneys 
in most rooms, deaths directly from this cause 
would bo far more common than they are. Even 
at sea, some of the foulest air in the world is to 
be found in the seamen’s cabins in tlu^ forecastle, 
which are warmed by the same poisoiujus means. 
The difference between pure warm air and foul 
warm air cannot be too strongly insisted on, and 
the fatal effects of living or sleeping in close 
rooms, warmed by the heat of one's own poison- 
ous breath, too plainly pointed out. It is a 
matt(5r of pounds, shillings, and pence, and the 
pity is that those who need this pure air most 
ai*e those who have least of thojse three things to 
spare. If the room is to be kept fresh and pure, more 
coals must lx; burnt, or more cIoth(‘s worn, or both. 

It is curious, se(‘ing the enormous importance 
of this subject, that it has not y(‘t been found 
possibuj to apfily to the dwellings of the poor 
^any simple way of warming t,lu^ fresh air as it 
enters a room. Some of the rich who can afford 
it adopt a Gal ton grate?, \^hich docs this by 
admitting the fresh air at its sicl(*s ; but we still 
think that in the vast blocks of mod(;l dwellings 
rising all over London some way might be. 
found of economically laying on warm fresli air 
to a flat from a central furnace. 

In schools a wholesome horror of rebix^atbed 
air should be vigorously in(?ulcatecl, and its 
deadly effect sliown by ex|x?rimeiit, so tluit 
when the children grow up, nothing will teinjit 
them to live in clo.se rooms and bri'athe foul 
air. Carbonic acid gas, produced by the various 
functions of life in our liodies, 
and breathed out with every 
breath, is a powerful brain and 
nerve poison. Its effects are in - 
tensiiiod when combined with 
the germs in expired air. 

Effects of Poisoned Air. 

It is this, too, and not always the 
sermon, that makes people so 
sleepy in churches and chapels. 

It is this, and not the lesson, 
that makes children so listless 
and fidgety in ill-ventilated 
schools. It is this, and not hard work, that 
makes people so dull and heavy when they 
wake in the morning. It is this, and not mere 
temper, that makes the wife or tlie work-girl who 
has been working in a close room all day so 
irritable. The need for ventilation is so pressing, 
as we have shown, that efforts will never cease to 
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come nearer and nearer to an ideal. That ideal 
is to make indoor air in the country as pure 
as outdoor air. 

It must be remembered that that is the problem 
— since the foulest outdoor air is purer than the 
best indoor ; and the evil of cities is not the air of 
their streets, but the indoor lives of their inhabi- 
tants. Now, the air oul-of-do<jrs contains *04 per 
cent, of COj^, and it has long l>een found that to 
attain this standard of purity indoors is practically 
impo.ssihlc. By common consent, therefore, the 
standard of pure indoor air has Ix'en made to 
differ from outdoor ; for the former has been 
raised to ’Ob p(?r cent. CO^, while the latter is 
414 per cent. CO.^. Perfect ventilation may there- 
fore be dehiuxl roughly as t he scieiu^e of kc?eping 
indoor air below *0H per cent. without causing 
a f;erecf)tible draught.. 

If ind(X)r air on the average liad to be kept 
actually as pure as outdoor air, about 100,000 
cubic ft. per hour should besuppliid, which means 
a movement (jf 17 ff. pt'i* second ; but in this 
climate? any movemt^ni of tlu? air of over (> ft. 
per second pro(luc('s a draught, and the air must 
be changed without draught, which shows the 
necessity of the compromise. 

An Analysis of London Air. Out- 
door air in tin* New Cut has 4 jiaris CO., in 
10 , 000 . 

4’he following are specimens of indoor air: 


VimtilnU'd and fresh . . 

() parts CO., in lO.fHX) 

Rather close 

8 „ 

(4osc 

11) „ 

V(Ty close 

15 

(’lose bed-room .. 

lo »» ,, 

Poul by smell 

17 „ 

Pit of crowded theatre 

20 „ 

Box of crow cit'd t heatn* 

30 .. 

Crowded .school room . . 

37 „ 


4’he Metropolitan Railway in some parts ha.s 
15 parts (X).^ in 10,000. 

These results are produc(;d in various ways, 
of which a rough outline has be(*n previously 
given, liut it may be considered a little further 
lnT<*. 

4’he following are tlie amounts of CO^, given 
off and air used per hour by — 


Now, th(» maximum addition to outdoor air for 
pwre indoor air is '2 C4.L per 1,000 ft. If a man 
gives out 4) CO.j per hour, and only *2 CO.^ can 
be put into each 1,000 ft., it is evident that he 
must have 3,000 cubic ft, outdoor air per hour 
supplied to him to put it in. This is the founda- 
tion-stone of all ventilation. 


Man 

oJ 

4. 

S' 

6 

Cubic feet 
air. 

W'OMAN 

0^ 

.X O 

0 


Child 

X 

ij 

Cubic feet 
air. 


Per 

hour. 

l»«r 

hour. 


Pel 

1 hour. 

Zz. 


l\r 

hour. 

hour. 

Ro]»osc 

•0 


K.1.0SO . . 

•I 

z,mi} 

Kepose 


i,r>oo 

Work 

11 


Work 

'() 


W'ork or pUiv 



Hiinl Work 

10 

9, (KM) 

llani Work 


0,000 

Hard work 1 
or play 

I- 

4, .000 
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Combustion is the next impurity to consider. 
Two gas burners produce 6 0 cubic ft. CO^j per 
hour, or as much as 10 men. If, therefore, a 
man were shut closely up in a small room he 
could live ono hour in the dark ; with a candle 
three-quarters of an hour ; with a lamp half an 
hour ; and with two good gas lights five 
minutes ! But the (X).^ from gas is so pure, as 
compared with that from human beings, that in 
this case each cubic foot of COo requires only 
00 cubic ft. of air to dilute it per hour. 

A Tost for Pure Air. Every cubic foot 
of ga.s burnt produces half a cubic foot (X)^ and 
requires 450 cubic ft. of air to dilute, besides:' 
fresh air nec'ded for respirating impurities. A 
Hin)ple t(wt for i)uro indoor air is to fill two 
bottles (half-pint) with water and empty them 
in the room you wish to lest, so that, the air of 
the room takes the place of the w^ater. Then 
to one bottle add one tahlospoonful of limcw^atcr, 
cork the bottle, and shake it well. Tf the limc- 
w'atcr remain;’, clear the air is pui'e. and the CX)o in 
it is very much under ’06 p(U‘ cent.. If it heeomo.s 
milky it is impure, the air containing over 
*06 per cent. CO.. 

To the second bottle full of air add two 
lablespoonfuls of (Vmdy’s Pluid and shake it. If 
the colour remains, the air is j)ure ; if it dis- 
appears or changes to dirty brown, there is 
excess of organic impurity in the air. 

Cattle roiiuire three times as miudi aii* as men ; 
a pig the same. Tlio sick require at least a 
quarter more than the healthy. 

Ijot iiu look, now% at the ideal and tluj actual 
allowance of cubi<! space of air. 

The Air Space We Need, Pure indoor 
air at 6P contains not more than '00 per 
cent, per 1,000 cubic ft. of (X).^ and 75 per 
cent, of its capacity of water vapour. 'I’o 
maintain this, theoretically, re([uircii a supply 
of .S,000 cubic ft. of fresli air f)ci' hour pt‘r 
human lauug. It is found. mor(M)V(M’, that . 
as air can only la^ changed in this climate 
thrive times an hour without draughti;, 1,000 
cubic ft. of air sj)ac.c is required to admit 
of the circulation of .‘1,000 cubic ft. per hour. 
It is very sihlom, however, that 1,000 cubic 
ft. is allowed. A man himself tak<*s up ‘1 cubic 
ft. : a bod, 10. 

A common allowance of air s})acc in certain 
buildings is as follow’.s ; factorie.-;, 400 cubic 
ft. lodging hous<?s, 240 cubic ft. ; jniblic schools 
and barracks, (KK) cubic ft. ; hospitats, 1.200 
cubic ft. ; soMK^ London schools, 1.‘10 cubic ft. ; 
some Edinburgh schools, 100 cubic IX. ; jirisons, 
8()0 cubi<^ ft. ; infectious hospitals, 2,000 cubic ft. 

( o),I 


It has been found in schools that with 230 
cubic ft. per head there was *14 per cent. C02» 
being an excess of 08 per cent, (with two venti- 
lators open) ; with 200 cubic ft. per head there 
was '32 per cent. CO.^, being an excess of '26 per 
cent. ; with 100 cubic ft, per head there was 
•,*17 per cent. COu, being an excess of *31 per 
cent., (with one small ventilator) 

Thir. state of things is being improved every 
year as the principles of good ventilation are 
more and more widely prmXiscd. 

Small rooms actually get much more impure 
than larger ones, even when air i.s changed at 
the c.airie rate, owing to the little diffusion, and 
the clinging of the organic matter to tin? walla. 

Change of Air in Rooms. The rapidity 
of the change of air in a room practically' 
dopimds mainly on the differom^e beiwoen the 
inside and outside tcanperatnres. The mere 
existence of an opening doc^s not make air move. 
It is whim a room is liol and the almosphiTti cold 
that air is. drawn in in eiuch quant it iefi. lienee, 
a small aperture in winter l(‘ls in as much air 
JUS a larger oni^ in summer. Indeed, there are 
day.s when, with all the doors and ^vindows op(ui, 
the air docs not move?, and any puriliration is 
by diffusion, and not. by (‘urrents of air. 

Air comes direct Ihrougli walls. It w'us 
found that a closed room, containing 3,(K)0 
cubit’ ft., had its entire air changed in one hour 
when the inside temperature was (.).5" and the 
outside 32"". Air should not move more than 
5 ft. .a second in this climate if then? is to be no 
draught. TJie opening to admit fresh air for 
ca<*h jicrson is thus 21 ?;(j. in., and is worked 
out hi th’s way. 

Twenty-four sipuin* inclu’s is on(?-si.xth of a 
square foot of 144 in., and if the air moves at 
5 ft. per .sc(?ond, tive-sixlhs of a square foot 
(mters this aiicrtuvc p(?r second ; or pe.r hour 
(60 X 60), 3,000 .q. ft., Avliicli is just the 

ainoiinl. n?quircd by one person. Praeiioally, 
therefore, seeing 24 in. is a. space 6 in. by 4 in., 
a Avindow 4 ft. Avide~/.c., 0 x S in.— open 4 in., 
giv(?s (?ntranco to (?n(>iigU frcsli air to sui)ply 
eight people in a room. Of course, this is Avith- 
out lights. Theoretically, therefore, at nigiit 
Avlion tlie lights are on, the opt?ration should be 
iucrcasi'd ; practically, it i:} d(?creased ; liem.e, 
the air in a room is nearly always much fouler at 
night than in the day. 

We are now in a position to consider intelli- 
gently llio qu(?st.ion of natural ventilation; 
by this Ave m(?an tlic ♦latiiral movements of 
air as distinguished from artificial ventilation, 
by which the air is extracted or pumped in. 
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Scorpions and Spiders 

Arachnids (including scorpions, spiders, mites, 
etc.), though BOinetiiiK'-s popularly confounded 
with insects, differ from tluun in a numher 
of w&ys, flomo of whicli an? sufficiently obvirms. 
The head and thorax are always fusctl together, 
and the former dot?8 not bear slender foolers 
(antennee) ; there are four pairs of walking k'gs ; 
wings are never present ; and the young, when 
hatched, resemble the adult in form. 

Scorpions. Scorpions [486 and 487] are 
characteristic of tlu^ hotter parts of the globe, 
but some of the smalUu* species live in South 
Euroi^e. Here, as in Arachnids generally, th(‘ 
rings or segments which make up the head and 
thorax are so intimately fused togctlier that 
their boundaries cannot be seen, 'the segments 
of the abdomen, however, very clearly 

demarcated [4881, h. is eharacteristic of 

scorpions that this region should consist of a 
broad basal part 
followed by a nar- 
row “ tail,” at th(^ 
end of which a 
sharp curved sting 
is situated. 

The food consist-s 
chiefly of insects 
and spiders, as well 
a.) of other small 
0 ‘.reatures. These 
are sei/^ed by means 
of the fii’st two 
pairs of append- 
ages, situated in 
front of the Avalk- 
ing-legs. The first 
{cfudicera ) arc short 
and terminate in 
sharp nippers, while 
the much larger 
second appendages 
{pedipaipi) bear Jarge pincers resembling those 
of a crab. Having seized a viedim, the scorpion 
raises the narrow tail over the back and brings 
the sting into oj>eration. Near the sharp tip of 
two little poison-bags open, and their secre- 
tion being injected into the wound immediately 
proves fatal. The pny is not chewed and 
swallowed, but its juices are extracted, the 
stomach of the sc^orpion being a sort of suction- 
pump and its mouth exceedingly minute. 

Midnight Marauders. Scorpions lurk 
under stones and in other dark places, and 
are nocturnal in their habits. In colour they 
are mostly dull — or even black, harmonising 
wiHi their surroundings, and thus securing a 
.measure of protection as well as being made 



486. sconriuN (uppeh side) 

a- Hoad and thoia.v h. AImIohumi 

c. <!ludicura<! d- Pcdipuli* 

e. Walking /. Stin^j 

g. Front ovo.s k‘ Ceiitrul vyca 


inconspicuous to their prey. There arc two eyes 
on the top t)f the hejul, in the middle, and two 
groups of somewhat simpler ones on either side, 
at the front corners of the same rcgi<.>n. These, 
liowever, do not seem to be particularly (efficient. 
On the under si<k^ of tlu^ body, just behind the 
last walking-legs, arc' two curious comb-shaped 
structures repn^senting a modified pair of limbs, 
jind pr<)bably serving as organs of touch f487«]. 

A scorpion does not breatJu*, like an insect, 
by means of air-tubes, but by four ])airs of lung- 
books, th(^ slits opening into which arc; easily 
st'on on the und(‘r side of Iht^ broad region of 
the alxloinen 1487/>]. A large number of (hdicate 
plates, res(‘nibling tlu* leaves of a book, project 
into each of them, and hence the name /wwy- 
book. It is in these; that tlu‘ blood is j)urilied. 

Spiders. These familiar animals differ 
from seorjvions in sc'vts al respects, as a glance at 
495 will clearly show. Tin* abdomen, inst(‘aid 

of being (elongated 
and clearly di vided 
into rings, is a 
rounded mass in 
which the lM.)und- 
aries between these 
art^ not visibk;. 
Tlu^ jaws d<.) not 
tcTininate in ]»in- 
e(‘i-H, but, in the first 
pair {rhf lirern ), th<^ 
end- j(unt can be 
bent down for 
grasj)ing puq)os(*s 
lik<* th(^ blade of a 
pocket-knilV. [488]. 
The s(‘coiid jaws 
ser\'(^ as feelers, 

487. s(’t)uri(iN ( LIND Ell side) 

Spid'TS are; fully as i.apacious as scorpions, 
and like them t]u*y suck the juices of thek 
vietims, which are killed or paralysed by the 
siH'ietioii of ])()isoii-glancls that open upon the 
lirst jaws, and thus compisisatc for the absence of 
a tail-stiiig. The colours and markings, as in 
scorpions, make these crcatur<*s inconspicuou.s, 
serving tlie same doiibk*. purpose. Breathing 
is effected eithtn* by four lung- books, or, more 
L'ommonly, by two of these organs tc^gother 
with air-tubc.s resembling those of insects. 

Web-spiders. The most familiar 8x>klers 
construct webs ol variovLS kinds to. serve as 
snares for their insect prey, a device which 
fully compensates for the absence of wings. 
Taking the common garden spider (Epeira 

3803 






NATURAL HISTORY 




488. CIIELK KH.K 
OF SriDEU 


489. 

SPI N NKRET.S 
OF .(JARDEN 
sriDEtt 
I. - rt I' rout, 
h. uiul 

e. liiiui Hpiiinurct 
II. - d. iiiul 
e. small silk tiiboH 
of a mi<{(lle 
ruTft /. ’rhr«*u«Is 
(much onlar/t'ejl ; 


diaderna) as a type, we shaU find that the silk- 
glonds open on six little tt^at-like projections, 
the spinnerets, situated on the under side of 
tlie abdomen near its 
liinder end [489]. The ^ 

<*nd8 of these are 
st udded with about 600 
minute tubes, some 
larger tiir-ri the rest. 

The fluid which exudes 
from each of thos.e at 
once liardons into a 
thread of almost iiicon- 
c(>ivnble tenuity. Fivery 
line of the Aveb is ex- 
ceedin<dy complex, for 
it consists of somo 600 
strand 4 woven 
together. Hard- 
ening takes 
p 1 a c o 111 u c h 
more ({iiickly 
than if it were 
in om^ pieiH', 
and it is also 
very m u e h 
stronger than it 
would otherwise 
be. And yet 
it is so exceed- 
ingly delicate 

. a. j'iHU JWIIIL W| irii-, 

that it IS viiry tuviKidUowu />. EikI 
much finer than tmuoa up 

tl«» most (loli- 
cate human hair. 

MaKing the Web. 

The web of the gard«*n 
spider, noted for its 
grcfit beauty and regu- 
larity, is vertiirally dis- 
jjosed in a hedge or some 
oth(‘r convenient ]»lac(\ 
often in tlie neighhour- 
liood of water, where 
fik'S and gnats abound. 

The web is made by tlu^ 
female. To begin with, 
a roughly four-sided 
tpiadrangular jmmv is 
eonstructed, the u])per 
side being made first 
1 480], Fixing the he 
ginning of this thread (A) to a sii])port, the 
spider crawls horizontally to a convenient 
distance, spinning as she goes, })iills it taut, 
and then attacluis its 
other end. 'fhe other 
three sides of tJie frame 
(B, C, D) are con- 
structed in a similar 
fashion. 

T’he seciond or radial 
.part of the web, ar- 
ranged like the spokes ^ 

of t wheel, next re- ^ 

ceive.s attention. Climbing to the middle of the 
upper side of the frame the spider fixes to this a 
thread (E) and drops down to the lower side of the 
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frame, \^hero the other end is made fast. Ascend* 
ing to the middle (O) of this vertical thread, she 
attaches a new one and, ascending to the top 
of the frame, pulls it tight and fixes it at a 
suitable distance from the vertical one (F). 
There arc now three completed radial threads, 
two of which are the upper and lower halves of 
the vertical line. The radial part of the web is 
completed in similar fashion. 

The numerous radiating threads which have 
now been made arc next united by a spiral one 
(the first spiral), the formation of which takes 
place from within outwards. This first spiral 
is then gradually removed and replaced by a 
.second spiral, which is of sticky character, and 
serves to imt angle the prey. Ft starts on the 
oiitsidf} of the wi‘b, but does not reach the centre, 

where a piece of 
the first spiral is 
allow'cd to re- 
• main. It is here 
[496] that the 
ingenious weaver 
commonly sta- 
tions herself and 
patiently awaits 
, the expected 
booty. In some 
cases, however, 
she lurks in the 
vicinity of the 
web, and the vi- 
brations of a 
sptH’ial “ signal 
line'' eriablf* her to t^41 wIkti a victim has fallen 
into the toils. It must be added that the 
exigencies of the case usually involve more or 
less departure from the typ(‘ described, especially 
in th(‘ outer part of 
the Aveb [498]. 

The Legs of the 
Spider. Tlie four 
legs of a spidt'T do not 
all play th<^ same part 
in the making of a 
web. The two first 
]jairs are coneerned 
with maintaining the 
proper distances l^e- 
492. WEB OF HOUSE SCIDER (RKDiTt.’ED) tween tho threads as 

they arc spun, while 
tho last, two pairs have 
to do with w'caving the 
same, holding them 
clear till attachment 
points are reached, and 
then securing their 
fixation. When we 
further remember that 
the spider climbs over 
lier web with ease and 
speetl, and without 
doing it the least dam- 
age, we shall not be 
surprised to find that 
her feet are of peculiar construction. Each of 
them [491] bears a couple of comb-shaped climb- 
ing claws, extremely smooth so as to obviate 
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aiila&gknieiit with the web. During the fnogres- 
sibtt oneftrihoryegetation these are protected by 
a etrong curved “waflring claw.” The toothed 
base of the latter helps in weaving, as does also a 
curious toothed bristle which is present. 

Cobwebs. The webs of the common house 
spider (Tegenwia domestica)^ woven in some 
convenient comer [402], consist 
of a horizontal net, the actual 
snare, and a covered lair at 
the back of this, where the 
cwner can wait unseen. The 
iair IB provided with a back 
door or emergency exit, drains 
of sand and simiW substances 
Me sometimes employed to 
weight down Ihe web and keep 
it in proper position. 

Gossamer. The floating 
lines of silk which drift through 
the air in spring and early 
autumn are often believed to 
be the work of a special kind 
of “ gossamer spi(h?r.’* This, 
however, is not the case. They 
are spun by young spiders of 
various species to servo as means 
of dispersal . The Utile aeronaut 
commences operations by stand- 
ing on some tinn object, facing 
the wind, and spinning mooring- 
strands. The end of the abdomen is then 
turned up and a thread woven which streams 
out in the wind. When siilflciently long to 
support the weight of the spider the moorings 
are cut and tho little creature is waft<M:l away. 

Wa-ter Spiders. Among tho inhabitants 
of ponds and ditches in this country is to be found 
the water spider 
{Argyronda agua- 
Hca)f which hunts 
down small crus- 
taceans but docs 
not ccmstruct a 
web. For the pro- 
tection of the eggs 
a Ihimble-shaptHl 
nest is woven [494 J, 
moored by threads 
to stems or leaves, 
and smearefl exter- 
nally with liquid 
silk to make it 
watertight. Tlie 
nest is filled with 
air brought down 
from the surface of 
the pond in succes- 
sivo bubbles adher- 
mg to tho hairy 
body of the spider. 

Hunter Spiders. A great many 
species construct no w'ebs, but use their 
snk merely for lining their dwellings— which 
are commonly underground — or the construction 
of protective investments for the egg^ Such 
forms simply stalk their prey, seizing^ the 
▼iotiiDs when near enough by a sudden spring. 


One such type is the tarantula spider (Lycom 
iaranhUa)^ which was once sup{)osod to l o 
virulently poisonous. Violtmt and prolonged 
exercise was prescribed as the only mt^vns of 
cure, and the dance known as ii “ tarantella ’* 
seems to have been invented to promote this. 

The clever trap-door spiders arc widely 
tUstribuied hunting spiders, 
noted for ihe neat way in which 
their underground dw'cllings are 
constriioUHl. A cylindrical bur- 
row is dug out mid lined with 
silk tajHvstiy, intrudt*rs Iteing 
cxcludi‘d by memis of a circular 
door. This is niatle of particles 
of earth cemented together 
with silk, and provided with 
a strong hinge of the same 
material. A combined homo, 
lurking-place, and nest is 
thus provided. 

Bird « spiders. Some of 
tho tropical speciw are of gigan- 
tic size compaivd with oui 
native forms. Well known 
among them is the bird-spidei 
{Mygale amcularia) of South 
America, the hairy Imdy of 
which is Utile short of thn*(? 
incht's iu length [495]. Its 
prey consists of insects, other 
spiders, frogs, lizards, aiul ev'C‘n small birds. 

Courtship and Mating. The male 
spider is relativt‘ly snuill and w’cak, while the 
female is apt to he savage, so much so that 
incautious advances on tho part of a loviT 
are not iufre<piently fatal to him. The body 
of tho decca.std furnishes light refn‘shment. 

In many species the 
male is heautifiilly 
coloured, and exhi- 
bits his charms t ;0 
best aid vantage in 
th<^ coursi^ of a weird 
sort of dance. 

Mites and 
Ticks. These are 
mostly of very 
small size, and all 
thrive regions of the 
body are fused 
together into an 
ovoid nukss. Mites 
are terrestrial or 
,'wpiatie [493]. Of 
the former the 
chees<’-inile (Tyro- 
glyphtts Mtj'o) is tho 
ni o s t familiar. 
Many are f)ara»Hi«% 
some damaging cul- 
tivated plants, such as goosebtTries and currants, 
others giving rise to certain diseases of animals, 
particularly itc-h and mange. Ticks are some- 
what larger forms, which suck the blood of various 
mammals, and even attack human beings. They 
pierce the skin by means of their sharp pro- 
boscis, and only let go yhen gorged with food. 
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GILL BEARERS 

King«crabs. These remarkable creatures 
]iv(i in shallow water on the western shores 
of tlio North Atlantic 
and Pacific, feeding 
chiefly upon marine 
worms. M'hey are the 
last survivors of a 
waning group, and in 
some respects resemble 
anulmids, thougli they 
brciatlio by means of 
gills and are also allied 
to the crustaceans. The 
front part of the body 
(head and thorax) is 
c’overed with a strong, 
semi - circular shield 
[498], on the upj)cT side 
of which the eyes are 
situated. This 
region bears six 
pairs of limbs, 
o o r responding 
tothecheliceraj, 
pedi palps, and 
walking-legs of 
a scorpion or 
spider. Their 
Imses surround 
tho elongated 
mouth, and are 
roughened to 
servo as jaws. 

Tlio last pair 
aro used for 
digging. 

The rings 
making up th(‘ 
abdomen are 
also fused to- 
gether, pro- 
tected by a 
shield abov(\ 
and bearing a 
tail -spine 
which servos to right the 
animal if aecidenlally turn- 
ed on its back, '^riierc are 
plato-liko abdominal limbs, 
on tho upper surfaces of 
which delicate folds iday 
ilio part of gills. 

Eurypterids and 
Trilobites. These are 
two ancient groui)8 of 
animals, long since extinct, 
but resembling the king- 
crabs in some resjKicts. 

Many of tho body rings 
were distinct. Some of th(‘. 

Eurypterid%[505] were as 
much as 6 ft. long — for 
details see CIeoix)oy. 

Trilobitos [497], which 
came into existence long Ijofore the Eurypterids, 
were mostly of small size, tho largest species not 
exceeding a length of 1 ft. There were delicate 
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feelers on the head, and numerous slender forked 
limbs, some of those in front being modihod into 
jaws. Eyes, sometimes of great size and com- 
plexity, wore usually 
present, but some 
species were blind. Or- 
tain kinds wore able to 
roll themselves up like 
hedgehogs when 
alarmed. 

Crustaceans. 

Thi.s large class of 
jointed-limlxid animals 
includes lobsters, 
prawns, shrimps, crabs, 
and other familiar forms, 
the great bulk of which 
are ac^uatie, tho\igh the 
wood-li('e have become 
adapted to a lihi on land. 

1'ho body is 
clearly dividtid 
nto rings, 
though those 
of the head are 
fused together, 
and this is 
more or less the 
ease —in higher 
forms — for 
those which 
compose the 
thorax. Limbs 
arc borne on all 
thrcHi regions 
of the body, 
and ar(» typi- 
cally forked, 
but in many 
instances the 
outer branch of 
th(5 fork has 
been lost. The 
head beai’s two 
pairs of loeU‘rs. 
Crustaceans 
eomnionlyhateh out as free- 
sw'immiiig Jarvte, moic or 
less like the adult in 
form. 

Higher Crustaceans. 

In these the body is made 
uyj of 20 rings ; 5, 8, and 7 
of wliich belong to head, 
thorax, and abdomen res- 
pectively. Tliero aro two 
large compound eyes, and 
the larval form is known as 
a zowa, distinguished by 
the possession of a large 
shield covering the front 
part of the body, and a 
shmder, limbless abdomen 
[508]. Tho group is 
divided into (a) stalk- 
eyed and (6) seasile-eyed forms. 

Sta]R»eyed Crustaceans. The lobsters, 
crabs, etc., included in this subdivision possess a 
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shield or carapace, belonging to ihe 
head and thorax, all the rings of \^ich are in- 
timately united into a solid mass. The homy 
covering of the lx)dy is more or less strengthened 
by limy matter, so as to constitute a hard 
“ crust, whence the name crustacean (Latin 
crttMUt a crust). This is unable to increase in 
size as the body grows, and is therefore cast off 
or moulted periodically. The lack of mobility 
in the front part of the body that results from 
fusion is partly compensated by the stalked 
eyes, which can be moved alwut to a consider- 
able extent. The members of the group are 
often known as the “ ten-footed ” crustaceans 
{Decapoda)y because there are ten obvious limlw 
— ^the two great pincers and four pairs of 
walking-logs — all belonging to the thorax. 

Large -tailed Decapods. These in- 
clude lobsU'rs, crayfishes, prawns, and shrimps, 
all marine except the crayfish, which lives in 
rivers. It will be convenient to take the last- 
named as a ty]xi [499]. The large tail consists 
of seven segments, all b<*aring appemlages 
except the hist (telson). 

These arc forkcil 
paddles (swimmerets), 
which constantly swing 
to and fro, keeping up a 
current of waU;r useful 
for breathing purpostis ; 
besides this they are 
used to some extent in 
swimming (especially in 
shrimps and prawns). 

The eggs of th<; female 
are attached to them, 
and are thus well pro- 
tf?cted up to the time of 
hatching. 

The Swimmeret. 

A swimmeret 1 507] con- 
sists of a short stalk, an 
i>uter braiK^h, and an 
inner branch . In those 
borne by the last seg- 
mcnit but one the stalk is very stout, while tlie 
outer and inner branches are broadened into 
plates which, together with the telson, make up a 
powerful tail-fin. 8wimiiiing is efTei^led by 
powerful downward movements of the tail 
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(alKlomen), during which the tail fin is spread 
out to its fullest extent. By this means the cray- 
fish is propelled rapidly backwards. Every 
time the tail is straightened in readiness for a 
downward stroke, the tail fin folds up, so as to 
reduce the resistance of tlie water as much as 
possible, '^riie front part 
of tlui liody, covered by 
the carapace, is divided 
by a ncck-groovi? into 
hc‘ad and thorax. On 
either side of the latter 
is a chamlxT containing 
a number of plume-like 
gills. They are covered, 
by the side of Die cara- 
pace and thus protected 
from injury. Tlie pin- 
cers and walking-legs 
borne by ilie last five 
segments of the thorax 
have lost the outer 
branch seen in the swim- 
min cts. These are pres- 
ent, however, in the three 
jiairs of fool-jaws [508] 
attached to the first 
lliree segments of tho" 
thorax and hcl ping to break up tlie food. Some of 
the gills are attached to the thorainc ap|K’ndages. 

Powerful Jaws. The last three of the 
fivir head si^gment« bear jaws [508]» named, 
from bc'hind forwards, secoiul maxiUcn, first 
maxilUv, and mandihlvs. The last (which, like 
the first maxilla^, have lost the outer branch) 
.'ire extremely |H>W!‘rful. An oval plate, the 
haler y is attached to the st^cond maxilla, and 
lies ill the front of th<' gill cavity. Its constant 
movements help to keep water ni(»ving over the 
gills. Jaws and foot-jaws alike move from side 
to sidii. These biting structiin^s ar«3 supple- 
mented by a complex chewing arrangement, or 
(jastric mill, contained within the stomach. This 
is present in all the liigher crustaceans. 

In front of the jaws are two pairs of forwardly- 
direcfted feelers {antennee). The hinder pair aro 
large? and relatively long. They are chiefly 
concerned with touch*, and constantly describe 
sweeping movements. The small first feoler.s 
are obviously forkixl, and have to do with both 
touch and smell, w'hile an open sac is lodged in 
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the base of each. Tliough this is often des bribed 
as an organ of hearing, its chief, and perhaps its 
only, use is to assist in maintaining the balance 
ot the body by acquainting the eraylish with its 
varying positions in spat^e. The 
front end of the carapace tapei's into 
a sharp .spine, en cithcu' side of which 
is a deep notch occupied by the 
stalked eye. 

Relatives of the Crayfish. 

The marine relatives of the crayfish 
hatch out as larvie, but sucli an 
arrangement is unsiiita\)le for life 
in rivem, for these would lie unable 
to resist the current, by whicli they 
woukl be swept down t<^ 
the sea to perisli. The cray- 
fisli that is just liatchod 
closely reseinbU's the adult 
in ai)pearan(.*e, and for some 
time liolds on to a swim- 
meret by nu'ans of its sliarp 
pincers. Kven when some* 
what farther advanced it 
receives a sliare of mater- 
nal protection, sheltering 
under its mother’s tail on 
tlio approach of danger. 

Among other long-tailed 
crustaceans the littk? .d^sop 
prawn {Hipjxfh/le mrians) 
is (3f particular interest on 
account of the way in 
whicOi it is able to (-hang(^ 
t olo\ir for j.rotcotivc ))nr- sgg, 
post's. A r<'(l. KHS'ii, or foot-jaws oK 
brown livery is assumed, oRAYFi.sii 

according to the line of the i. Man«lihifs 

s<;aweeds among which it H- «n*J 
lives. On the apj)r()a(ui of iv.AM&Vt. Fii-st, 
night it changes to a beauti- and tlilnl 

fill blue, but the 
of this “ .sunset ” coloura- 
tion is not fully understood. 

Some of the dce}vst^a jaavviis art^ blind, 
others possess enormous t^yes, and many 
emit a phosphorescent light. 

Short stalled Decapods. These are 
ilie Crabs [502-4'J, in wliich a swiinniing hahit 
has beep abandoned for a cre<*ping 
one. Tlie head and thorax are a 
enormously broadened out, wliiU^ 
the insigiiitieant and dwindled tail 
is tucked up on the under side of 
t.h<'. body out of harm’s w^ly. All 
erustacca are seavimgers, hut the 
crabs arc notoriously so. iSouio of 
them have taken once more to 
swimming, but not by means of the 
tail, which has b<‘cn too mneli re- 
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extent from their numerous foes. Others are 
protected by a chevaux-de-frise of long, idiarp 
spines. Others, again, make themselves in» 
conspicuous by cultivating seaweeds or sponges 
on their backs. Sponges smell and 
taste unpleasantly, besides whicli 
they are full of sharp spicules ; and 
hence, fishes and other enemies leave 
them alone. We also find a sort of 
comradeship between certain crabs 
and sea- anemones attached to their 
carapaces [see Plate facing page 
4081]. The anemone gets carried 
about and, therefore, has a better 
chance of secur- 
ing food, while 
its stinging 
})owers go far to 
slii(;ld its mess- 
mate against 
attack. 

Hermit Crabs. 

Hermit erahs, which 
arc intermediate in 
character b(‘-twcen or- 
dinary crabs and the 
leng-tail(‘d lobster triVie, 
])os.sess rather long tails, 
wliich an\ liowcwer, 
(juite .soft and defenco- 
l<*ss. To make up for 
this the empty 
shell of a sea- 
snail is used as 
a covering. 
T^pon this shell 
one or more 
S(‘a - anemones 
ar<^ usually 
found as niess- 
mates (501 j. 
From time to 
time a new and 
larger shell has 
to he appro- 
p r i a t e d , to 
which t h 

hermit crab 
is said to 
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transfer his guardian anemones. 

Sessile-eyed Crustaceans. 

'Phest^ are mucli smaller than the 
stalk-cytnl forms, and only the front 
ring of the tliorax is fused with the 
lu'ad. There is but a single pair of 
foot-jaws, and the eggs are sheltered 
in a brood-cliamber on the under side 
of the thorax. 1’he eyes are devoid 
of stalks, giving origin to the name 
sessile. Th<» group includes (a) 


c 

611. SAND-HOPPEK 

__ a. JfeaM ami lli-Ht riiijjc of tluuvix .. 

duced Ui be agtUn enlarged for the J; IfKlomeir' sand hoppers and their allies, and 
performance of its original function, ami /. secoml feelers g. Ftwt- (h) slaters. The sarid-hoppers and 
The swimming organs are here the r ' their allies are distinguished by the 

last pair of walking-legs, "which ' ' ’ strongly bent body , which is greatly 

)uf into paddles [602]. flattened from side to side [511]. This not 
only promotes swimming, but also springing, 
the latter movement l^ing particularly ob- 
vious in the common sand-hopper (Talitrm), 


have been broadened ou^ into paddles [502]. 

Protective Colouration. Most crabs 
are so coloured and niiu*kcd as to resemble 
their suiroundings, thus escaping to some 
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which lives in vast numbers between tide-marks 
on sandy shores. 

Slaters are creeping forms with the body 
greatly flattened from above downwards. This 
is an adaptation to life in chinks and crevices. 
Sca-siaters are common on rocky coasts, but 
the most familiar 
crustacean of the 
kind is the land- 
slater or * wood- 
louse {Oniscus) 

1 509], common 

under stomps and 
in the crannies of 
old masonry. An 
allied form pro- 
tects itself by roll- 
ing up. The water- 
slater or ^vater 
wood -louse ( A sel- 
lus) is a common 
inhabitant of our 
ponds, but its 

numbers arc ke 2 >t 
down by many 
enemies, of which 
the water-spider 
is one of the most 
formidable. 

Lower Crus- 
taceans. These 
are generally small 
or (W('n minute 
creatures, pres(‘nt- 
ing considerable variation as to the numVier of 
the rings and the cbaracicr of tlu* a])])cndagcs. 
They commonly hab li out in the form of au 

oval nauplius larva 1510) which rows ' itself 

about by means of the feelers and mamlibles, 
the only appendages ])rescnt at lliis stagi*. 

There Js a simple unpaired i^ye. 

Gill - footed Crustaceans {HmncJiio- 
poda). These forms aie so named because 
their flattened limbs are used for breathing 
jmrposes and boar the 
gills when these are pres- 
ent. One of the largest 
and most interesting 
[513], lives 
water, and 
large head 
covers the 
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tyjies, Ajms 
in stagnant 
j)osses.ses a 
shield which 
chief j)art of. the body. 

It rows itself along on 
its back by means of 
the numerous leaf! ike 
aiipemhiges, to which soft, 
pear-shaped gills are attached. Much more 
specialised are the water-fleas, one kind of wliieli 
(Daphnia) [612] abounds in ponds, and is a veiy 
attractive object for tlie microscope. Tlie tail is 
greatly reduced, and most of tlie body is enclo.s(rd 
in a large bivalve shield. The enormous second 
feelers are used as oars. Between the shell 
aJid upper side of the body is a space usetl as 
a brood-pouch. Mussel-shrimps (Oslrcuioda) are 


small forms which swarm in both salt and fresli 
W'atcr. The tail is reduced to an insignificniut 
stump, as in water-lieas, and tli(‘ whole of the 
body is enclosed in a strong bivah'e shell [614]. 

Fork-footed Crustaceans {Copvpoda). 

These minute creatures liv(' in vast shoals at 

the surface of both salt and fresli water, and 
receive^ their name from the shape of most of 
their appendage's. I’he female of a eomnujii 
freshwati'r sjic'cies {Cjiclops) is liere figured, 
earrying hei‘ pair of egg-liags [515]. 'J’he fe'elers 
• are the chief swim- 

ming organs. I’he^ 
members of this 
group are of grt'at 
eeoiiomie imiinrt- 
anee, for they 
figure largely in the 
food of fishes, sueii 
as, for ('xample, 
the herring. Many 
of them are 
strangely luoditieel ])ara- 
sites, whicli may be found 
adhering to the skin or 
gills fishes. 

Barnacles ( 6V ni- 
podia). hi those mem- 
bers of this group that are 
not parasitic most of the 
ilioraeic limbs an* modi- 
fied into long, hairy fila- 
ments, used as a sweep- 
n(‘t to pioduee food. ^Fho 
tail is reduced and th(' body fixed by its bead end 
to some firm object, as well seen in the ship- 
barnacle (Lrjxis) 1 500], and the acorn- barnacle 
(llafanns) which abounds on rooks betw'ccn tide- 
marks. In both eases the body is j>roteeted by 
shelly ])lates, but the 
liead-('iid of a sliip- barnacle 
is drawn out into a long, 
fleshy stalk. 

Many creatures of tlie 
barnacle kind are degen- 
erate parasites, a remark- 
able example being 
afi‘ord*‘tl hy a form known 
as Sarr.iifina, of which the. 
adult female will be 
found attached to the 
under side of a crab’s tail 
1504). Dissection shows 
that this is j)rovided with 
b r a 11 V. b i n g r o o t - 1 i Ic e 
threads, winch ramify 
within the body of the 
unfortunate host, exti'iidijig evi'ii into the 
tips of its h'gs. Tlicsi? al>sorb the blood of 
the crab to servo as nourishment for the 
parasite, which is little more than an egg-pro- 
ducing arrangenu'iit. The life history, however, 
proves that Saceulina really belongs to the 
iow'er Crustacea, for it hatches out as a ty^iieal 
nauplius larva. 

Continued 
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JOURNALISM, THE IDEAL CAREER 

JOURNALISM 

1 

The Fascination and Power of Journalism. The Character of the 

I 1 1 KKA'I 1 IU-. 
lion. i-.iiL'f riTMJ 

Journalist. Sincerity a Decisive Factor. The Sense of Wonder 


By ARTHUR MEE 

'XHERK is ;i that, makes a man a king. Witliont liim life as wo know it would be 

Thc! man Avho, liaving a tlmught, has dis* impossible. Ho stands between light and 
<*overed tin? s(;eret of spreading his thought darkm‘ss. between soeial peaee and civil war, 
throughout tlie world, is a king among men. bc^twetur d»nnoeracy and despotism, between 
'Fo this royal line belong Plato and Shakespeare (he freedom of (lie twentieth century and the 
and Herbert- Spencer, and a great host whoso iiuiuisition of the Middl<^ Ages. Ho ts the guar- 
nam(‘S would mak<^ a longer list than those of dian of tin* libert ies of thc human race, 
h^sser kings and <|ueens w1jos(’i names we Usarnt Wtdl may the journalist bt^ p?‘oud of his (;alling. 
at school. All civilised countries, says Parlyle. To him wlio cannot be a statesman or a king, 
ar(^ governed by books. or who tinds tlu^goUh n gateway of kd tcrs clos<^d 

The Democracy of Journalism. At, to him, join nalism offers a power and joy of life 
the gates of the kingdom of letters lies tlie which jMThaps nothing els(i can givt^. Om^ 
broad ticild of joiirmilism. Hen*, e.t lii.s will, man may tind a country liitlicuto unknown, 
with no sceptre but a pencil, with no authority another may disco v<*r anew sounsjof energy, the 
but Ids intellect, with no force but that of astrononu‘r may discern a new star, tlui chemist 
character, a man tnay sit and earn his bread may reveal new marv(‘ls in creation, the (uigineer 
and rule tin; world. No career tliat is optui to may span a. great gulf Avitli stc'cl or save the tinn; 
man can compare with it. No career can place of the world by eutthig a great canal ; but tlnue 
a man so ipiiekly on the very lu'ights of pow<T, can be nothing in these things, momentous as 
can inv(‘st a man so simply with all the possi- th(;y nnay be to the world, comparabk; with the 
bilities of fame. Journalism is the most truly shaping of tin; world’s thought whieli is the 
democratic of all callings. It is open to all. yet power of journalism. 

on thc? roll of its followers wc* come eonl-inually The Reflector of Human Life, 
across the names of poc'ts and statesmen and Neitlu'r exploration nor engincM'ring. no kind 
the very elect of tin? earth. of business, nouc* of tin; professions, not seienec; 

It lias l)(?en a greater power in the* world than itself, ean give a man so wide an interest 
any mechaiiieal foree eont rolled by man ; it in life as journalism. The; astronomer reading 
has controlled those forec*s. Tn the history of thc* stars, the (*ngini‘er const rueting a waterway, 
mankind nc*wspapc‘rs have been strociger than arc* inter<*st<*d in their own aehi(;veinents, hut 
armies. Napoleon h;ared four Jiostilc* papers not necessarily in eaeJi other’s. It has nothing 
more Ilian a thousand bayonets— “a regent of to do with the enginc‘(U’ that the; organic world 

sovereigns, a tutor of kings,” lie said of the would c;oiue to a standstill if cdilorophy I could be 

journalist. destroyed ; the chemist in his laboratory is un- 

The Power of the Journalist. And, eomu*rned that the; voyage to India, has bc;en 
in truth, it is no exaggeration to say that the :’hortened by ten days tlirough a great canal. 

powiT of the; journalist cannot be* c;xaggeratcd. Neither is nt^cf.smriht inteiestcjd in the Avork of 

If he c*annot make laws, he mak(*s the law- the other. ft is tin* glory of journalism that 

makers. He; is the* silent- forcie in every Parlia- the? journalist is, mufit h(\ intc;n;sted in both, 
inent, the uns(*en fa-cUor in every polling booth- Since journalism is the; lelleelor of human 
He* is ])r(;sc*iit, invisible, in (;vc;iy Pahinet. Not life, nothing in human life ean happen that is 
a prince njion his throne, not a clrapor bc?hind Ids outside its scope. As mc?mory, wlmther we will 
counter, is b(*yoncl Ids rc*aeh or outside; his interest. or not-, engraves upon itself the everlasting 
Ho lias, by l ight- of mind alone, the open sc\samc; ivimaii branee of everything we see, or hear, or do, 
to every place. No door is locked to him; or know, so journalism brings all life, all activitic?s, 
c;ven tliose doors most jealously guarch'd are all thougJit, all labour, into its boundless field, 
open, though the public knows it not, to the Nothing is too tritiing for its in tc?rcst, notldng ean 
journalist who ean kc;(‘p a s<*eret- better than be too important for its d(;bato. Tin; analogy, 
he; can tcdl it. He; is every’Avbere, ahvays. ind(;c*d, may go farther, and become exact. 
Nothing liappens that lie lias not seen ; thc;rc; is As the mind edits the memoiy, calling np at will 
no cornc;r of the* Avorld to which he has not bec?n. tliose things wliieh interest it, whether facts. 
Ho has the master key of government — at his or scenes, or men, or things, Avhether they have 
command is the only vehicle in the world by been treasured there 50 years or only 50 hours, 
Avhich one man can communicate? instantly with so thc? mind of the journalist edits the happen- 
all other men. ife c‘an make Avars and bring ings of every day and every liour, lays them ant 
peace ; he ean make revolutions and d(?8troy upon his shc?et before him, appreciates this, 
them. Ho has more poAver in the market than quostions tliat, casts aside the other, and pre- 
tho Stock E-xchangc?. Even the scales of legal sents his picture to the waiting world with a 
justice may be subject to his Avill. judgment born of an intimate relation with 
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men and a knowledge of the relative valiios 
of things. 

A Daily Record of Good and Evil. 

''Che whole world is alive to tlui journalist who 
knows his work and is in earnest. The w(dl- 
edited newspaper has no “ dull ” season. Until 
the world is a dead place, until men cease to 
think and roses cease to smell sweet, life can 
never bo dull to the journalist worthy of the 
name. What, indeed, could be more full of 
tragic intercfst than the very despair of a man 
whoso business it is to watch and interpret 
the ceaseless panorama of human life who 
wakes up in th<» morning to see the panorama 
passing before him, but finds that “ there is 
nothing to write about to-day ” ? 

It eari hardly be too strongly insisted upon 
that the business of thi^ journalist is to giv<^ to 
the world a living record of its own life. It is, 
no doubt, to be insisted upon as strongly tha,t 
then^ are thi?igs with which the journalist lias 
no business ; but, on the Avhole, the editors 
know their business a great deal better than 
the critics Avho Avoiild teach tlnun. It can neves* 
bo admitted that tln^ journalist should give only 
the better side of things. 'I’hose misiakem ad- 
vocates of a journalism which would whitewash 
the world, of news])apers wliich would till our 
minds with only pleasant things, have never 
surely thought for an hour of what would happen 
if tliey had their way. 

Let them imagine a patient who liides his 
symptoms from the doctor, a Avitness Avho keeps 
back vital e^videmce from the judge. If the powcu* 
of journalism is anything but a jihrase, it depends 
ehiedy or entirely upon its uni(iuo capacity for 
the exposure of wrong, the denunciation of 
tyi’anny and injusti<;e. L’ould wo ever hope that 
the world will one day be fn?e from the curse of 
drink, if it wore not that its trail of sin and ruin 
runs across every paper we pick uj) ? ( Vmld 

Ave ever hope tlnat the poor will one day Ixi 
better housi^d, if it, AV'cre not that oA'cry 
paper in tlie land is lilled Avith pictures of the 
wretehedness of their lives V 

Should an Editor Lose His Temper? 
Let us remember, in making up our minds to 
f)0 journalists, that a simple picture of some- 
thing that exists is sometimes the most poAver- 
ful agent in improvement that could be devised. 
There are times, no doubt, wlnui good nn*n 
feel that journalism oversteps its hounds, Avhen 
good men would Aveleome for an liour a censor- 
ship of the Press. But only for an hour. And, 
after all, it is still true in these times that the 
newspaixu's reflect the nation. »Sliall we, then, 
censor a nation ? 

“ Is it not, then,” tlic young journalist may 
ask, “ the greatest tribute that can be paid to tlie 
newspapers to say that they reflect the nation 
in its hot temper as avcII as in calm, in its 
worthiest and least Avorthy moods ? ” 

That would be so if there did not enter into 
our consideration here a vital function of jour- 
nalism which the true journalist can never 
overlook. It may be held, no doubt, that 
the entire business of the journalist is to 
hold a minor up to nature and reveal the 


world unto itself. That, once upon a time, 
w’as true in practice : in theory it is admirable 
still. Nothing could ho better for an ideal 
world. 

But there has groAAm up in the rlcvelopmcnt of 
civilised societies a mysbu'ious ;i.nd Avonderful 
factor, Avith th<^ full authority of a judge but 
without tiie limits of a court, silling in juclgnient 
oA’cr the good and evil of society at larger. It is 
the newspaper editor. 

And, just as a judge, though the system of 
justice h(* administers n‘Hoets the a.v(‘r*age s(uise 
of jiistict' in tlie nation, is still calm and unmoved 
by tiu! exeiteriK^nt in the streets outsider, so the 
I'ditor, though his paper reflects the average^ 
mind of his readtT, should he unmo\a‘<l by the 
Avihl t(‘mper of the mob and calm amid the dan- 
g(‘rous excittunents of the hour. Who claims 
the right to sit in judgment must prove himself 
lit to he a judge. 

It is one of the misfortunes of journalism 
as a profession that it, atti‘aet.s to itself men 
AA'ho enter upon' it as a eariH'i* Avithout an 
ad<‘quate stuise of its importanci' oi- a serious 
eoii.sideration of their litiK'ss for it. 'IMie very 
democracy of journalism, which is one of its 
finest characteristics, is in some senst's a draAV- 
baek. Upiui to all, dcmy,ricling no tools but a 
pencil and a noh'book, with ])leasaut ])rospects 
and “ (piick rdurns,” it is not surprising that the 
neAv.s])a-p(‘r o^lic(^s nw, l)csi(‘ged, and that the 
numbtu* of ])e()])lc who would gain a livelihood by 
WTiting for magazines is ever increasing. 

Character and Learning. At the very 
outs(‘t. of our course let us emt>hasise for our- 
sel\a‘s a truth of the utmost im]>orlance. 

road to suc('(‘ss in journalism is as fr(*e as 
the air avc breatlie, and we need ha\'e no sym- 
pathy witli any attempt to make journalism a 
close profession - a profession, that is, which 
can be (alien'd only fhnmgh a particular door, 
under ])articular ('oudit ion-s. It is as impossible' 
as perpetual motion, and we ri(‘ed not con- 
sider it. 

But it does not follow from this that there is 
no ne('d to guard the gales of journalism, as 
the gates of medieint*, of law, of hanking arc 
guanied— though not by tlu' same means or 
for the sanu' reason. Th(*re is no Avay of closing 
tlie door of journalism against a man avIio has 
not passed an examination. Such a rule as that, 
if any means (‘xisted of enforcing it, would have 
made it im])o.ssiblc for Herhert Spencer to lx* a 
journalist, for Iforhert Sp(*ne(T lu^ver passed an 
examination. A journalist Avitliout education 
is, of eours(*, a eont nuli(d ion in terms, but edu- 
cation is not. the only, not evc'ii the chief, 
bulwark of journalism. It is not Imniin'j but 
rhnmrkr that sluAuld be the decisiAC factor in 
the clioi(u^ of journalism as a pi’ofessiori, and it i.s 
a thousand pities tliat men should enter upon a 
(•areer so full of r(\s])onsibility, so fraught witli 
possibility, Avithout realtsing that journalism is 
something more than a wage-earning career. 
The surgeon who would perfortn an opiuation 
solely for his fee, w'ithout any regard to the value 
of life, and the journalist Avho Avrite.s purely for 
hi.s pay, without any regard to the effect of Ills 
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writing, belong to the same category of men who 
are unworthy of their profession. 

The Two Kinds of Journalism. It 

does not follow, of course, that a journalist 
must heave settU*d convictions about everything 
on which he writes. That cannot b(\ nor is it 
ne<'<‘Ksary. Journalism is of two kinds— the 
kind that inffrrst'^ and tJie kind that inlltienrcs. 
VVe may compare (hem with a public meeting 
called togetlu*r in support of a particuilar cause, 
anfl a l<“.ctur(? by, say, Mark T\vain, whose 
business it is only to entertain. 

It would be im])ossible to defend a speak(‘r 
at a ])ublic meeting wlio moved a resolution in 
favour of a cause to which he was in his luvirt. 
opposed, but Mark Twain need not be calked 
upon to defeml anything h(‘ may choose to do or 
say in <‘nt (attaining his audience. We do not ask 
Mr. Tett Kidg(^ to sul)stantiat(^ his statements, 
or whether he really believes in them, and, 
happily, tJie vast majority of journalists are in 
the same position. It is not lU'ccssaiy for them 
to perjure their conscituKiC, or to sink in the 
est(*em of sincere imui, by writing wha>. they 
do not b(‘lieve. 

There is another side to journalism, liowev'er — 
a j-oumalism wliich sha])es o])inion ; and Ji(‘r(‘ 
it cannot be too emphatically said that the first, 
of all considerations is sincerity. 'Fhe journalist 
who car(‘s for tin* honour of his calling cannot 
have too great a eontem])t for the man who 
brings his mind but not Jiis soul into work which 
should engage his deepest feelings and enlist 
his warmest sympathies. There an* hundreds 
of m(‘n, it is trm*, who maki* a living to-day by 
writing in absolute contradiction of what they 
wrote yesterday, and who will main* a living 
to-morrow in denying what they wrote to-day. 
Rut w(‘ need not call them journalists. VVe could 
much mon^ correctly describe tlu'm c.,s men who 
will sell tlu*ir .souls to anybody w)io will pay for 
tlic'in, or, in tlie slang of tin* profe.ssion, |X*nny- 
a-liners, or si xpence-a- liners, according to the 
profit their empt y phrases bring tli<*m. 

VVe may liave opportunities of discussing (his 
matter again ; but to tin* candidate for journalism 
if may be said here that the man who will write 
anything he is paid to writt^ never rises high 
in his profession. The great nanu's in journalism 
are those of nu‘n who wrote tinely because they 
felt deeply, who wrote inten'stingly b(*cause 
they thought earnestly. 

Factors in the Journalist’s Success. 
It is not an exacting demand that journalism 
makes upon tliose wlio would enter its ranks. 
The man who brings to it a clear head, pU*nty of 
common sense, good judgment, a sense of tin*, 
relative importance of things, an average expm’i- 
ence of the Avorld, a capacity for interesting 
himself in anythuig and of expressing Jiimself 
plainly, is likely to suece(‘d. 

He must have many otlier things, of course, 
which we shall have to consider in their place. 
He must never, for example, admit to himself 
that the age of woiifler is pjvst. A sense of 


wonder — with something in it of the surprise 
of the little child that the stars do not fall from 
the sky, with something of the terror of the 
child at the approach of an express train — is a 
gift for whicli a journalist can never be grateful 
enough. 

T.s it a coniiuonplace thing to you that from 
three .seeds sliould come in one place a viohd, in 
another a wallflower, in another a turnip ? Can 
you take down th(* teleplione or send olf a tele- 
gram without feeling (hat you are touching a 
inira<*le ? (V.n you stand in a country lane at 
night watching a well-liglil(‘d train Hying through 
space with a thousand lives witliout feeling tliat 
li(‘re is something of the maj(‘sty of man and 
till* supremacy of mind ? An* these things 
nothing to you ? 'J'hen there may be somewhere 
in journalism a bushel und(‘r which you can sit 
and'hi<le tlie little glimmering of light that may 
come from your mind ; but you will not do great 
tilings. You will not interest a vast public in 
the things that happ(*n day V>y day. You will 
not take up a book and mak(i it live. You will 
not think of a grcjit idea and stamp it on the 
minds of your fellow-men. You will not carry 
your read(*r into a world of imagination where 
you can do witli liitu as y(»u will. 

You will find tbed tlu* world prefers some- 
hody else's poetry to your pi’ose, and you will 
wish, when it is too lat(*, that you had earne<i 
your bread at something wanting less of the 
Avond<‘r of a little eliild than journalism. 

The Journalist at Home. One other 
asj>eet of journalism may lx* t(niehial upon ]i(*re. 
The journalist leads tlu* intense lifi^ that (*.ats 
into tlu' souls of me*!!, ' juid oik* point may he 
insist <*d u])on as of gr(‘at ])ra<’tu‘al importams* to 
tJie e.indidatc^ for this strenuous eare(*r. It is his 
domestic at mosph(*r(‘. If it is tlu* attraction of 
journalism that m. 11 life comes into it, it is also 
its great temptation. For, obviously, if all tlu'.t 
happens eom(*s into his work, notliing that 
lic.pp<*n.s will take him away from his work. TJu^ 
power of detaehmcmt, tJie capacity for ]>utting 
things out of his mind, is of (lie greeJest v.alue to 
him, and no means of reaching this ha])py state 
of being is so easy a.nd so simple as sym]) i(liy at 
home. (Vmgenial frieiuls, sympatlieti(‘ interests, 
pleasurable e.ssoeiations, are lialf of lift*, to us all, 
but to the journalist wrc.pped up in his work 
they are much more* than half the secr<*t of a 
liappy lift*. H'he accountant goes home from 
his ofhee leaving tie* worltl of ligures lioliind. 
The m<‘relmii(. finds at lionit^ a welcome })ause 
from the stn*ss of busint'ss. Tie* shopkot*})i*r 
])uts his work out of his life when he puts up his 
.shutt<*rs. 'rhti journalist takes his work home, 
for hi.s work is life itself. 

Of profound importanet? to Jii?u, therefore, are 
(he atmosphere in which he lives and mov(i.s 
and the hours which belong to bini.self, when, if 
ever, he may be encouraged to detatdi bimst*lf 
from the things that possess him, to cliange his 
mental vision, to lind fresh stimulus in the 
alh^ctions and pleasures of home. 


Continued 
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Racks, Locomotives, Points, and Switches. Sphere of Rack Railway 
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ciiiiilinu'il fimn piK'c 


By C O. BURGE, M.InstC.E. 


D ACK-and-x>inion railwayw have l)cen clevifli'il 
to ovorcomo tho difficullios arising from tho 
slipping of the engine wh('els avIumi exeessively 
steep gradients have to he negotiated in moun- 
tainous districts, and are tlierefore much 
in Switzerland and similar eoimtries for tourist 
and other traffic. 'Po understand th(^ n(‘eessity 
for somt^ such contrivance as a rack-and-pinion 
arrangement, Avhieh adds considerably to the 
cost and maiut(Miance of a line, the following law 
of ])liysics must be recognised. 

If on a li.\ed horizontal ])late of smooth steel 
a stet‘1 rod Iks pressed vertically, no action will 
tak<? place ; hut if the top of tlu* ro<l he gradually 
inclined, w ith the pres- 
sure continued, until a 
C(‘rtain angU^ lK‘tween 
the rod and plate is 
reaeh(“d, tli<^ ]>oint of 
the rod touching tho 
plat<i will slip. 'J’his 
angle is called the atujle 
of repo'^e or ftidion, 
and it differs according 
to tlio nature of the materials in contact. In 



F fT^ Avhen the angle (4 F K' will he less thou 
(1 F L, and the engine will become powerk'ss 
tlirough the wlietd slipjung ; and, seeondly, the 
railway may I>e on such an incline as in h tj 
[3J, AvJien tile resistance* of gravity is adde'd to 

such an extent to 
the- ordinary re- 
sistance of the 
train that the 
resultant / i, pro- 
duced towards 
forms a smaller 
angles with h(j 
than the angle of 
3 fri(;tion tj f K and 

tht^ engine los(*s 
its hold, or ;uo- 
cJwse, a s it i s 
called. lienee, 
giv(‘ii the w'(‘ight on the driving wheel and that 
of the train, there is a limit to tlu? grades on which 
ordinary adhesion suffices. By multiplying the 
driving wheels by coupling them, and by the loco- 
motive carrying its own supply of water with it, 
in the form of w'hat is enllod a tank (*ngine, so 



this jiosition 11] the friction, rc])r<*.scntcd by that more of its w’eight may lie utilise^l on the 

A B, is insiiffieient to eouuteract the resultant drivers, and f j and the angle qfk increased 

AD {see Mkchanital Fnoinekuino, page III] accordingly, tlie limiting grade may he extended, 

of the pressure A C. and its reatdion A M Locomotive Power on 

Weights on Inclined Planes. Now\ A ^ an Incline. The angle of 

let us ap])ly this to railway traction, the / / friction of st(*el on steel varies 

smooth }>late })eing the surfaet’ of tho rail and / "gather, the greasy 

the rod being the Avheel at its contact A\ith it. / state of th(^ rails affecting it; 

J. et IT (t 1 2] represent, the surface of a level //.''' o l>ut, ordinarily, an engine, even 

railway. Let the leiigtli F ,] /A' ' ^ with all whe(‘ls eou})!<*d, (*an 

represent the weight on the A'l seldom take any reasonable load 

driving Avheel of an engine, and ^ ^ h(‘Voml its own weight up steeper 

FH tlie force which it is able . ' / grad<'S than 1 in lo to 1 in ‘20, accord i tig to 

to exert-- that is to say, th<? ■' / ' ' climate. 'Po overcome such inclines, citlu*r 

pressure— in tlie direction FIT, / the locomotivi^ must he a handom^l altogether 

at the cireumh?rence of tlie wlictd, / and tlu^ tractive force supplied by means of a 

which, if resisted by friction at / rope and stationary engine, such as in tlu* cahk^ 

F, rc])rescnts the tract iv(^ force A 1/ train.s, or some special contrivance must he 

drawing the train, including the <levised to enable tin* hx*ornotiv'o to retain its 

engiiMs iti the direction F (i. Tlic resultant of hold on the rails. >Such a s])cci;il contrivance is 
the pressure of gravity, F J, and th<; resistume, the rack and pinion. 

F H, of the train is FI, which, produced towards The RacK and Pinion. This invention 

K, makes an angle (JFK Avith the rail K (i. of the rack and jiinion is fihuost eonlem- 

Noav. let fl F Lbe the angle of friction of steel poraiicous with the introduction of the loeo- 

on shud. It is evident, therefore, that if this motive. M’rtivethiek’s (‘iigine of 1804, oAving to 

angle be less than G F K, the steel of the Avheel its lightness as Avell as its Avant of poAver, could 

Avill not slip on tho steel of the rail, and tluj not do much more than draw itself. Blenkinsop, 

force of the engine, exerted against the surface in 1811, not seeing that additional wt‘ight would 

of the rail at F, Aviil be utilised in draAving the overcome the Avant of adhesion, provided the 

train in tho direction FG. rail Avith teeth, and tho driving whec*! itself 

Two conditions may vary the angle G F K was tho pinion, and by this his 5-ton engine 

and destroy this result. First, the weight F J succeeded in drawing 90 tons at 4 miles per 

on the driving wheel may be reduced to, say, hour on the level, and 15 tons up I in 20. 
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George Stephenson, however, with his keen 
insight, j)erceivetl that as the great additional 
power which ho for(*saw as inevitable would, 
with its h(uivier boiler, cylinders, and all parts, 
provide ^uffkuent weight for adhesion, reverted 



4. KN(J1NE PINIONS 

to the simpler ])lan of the siiiootli rail, and 
subsequent desigmu’s inereas(‘d it by coupling 
the wheels. The advance of railways necessi- 
tating steep grades nw’ivt^d the idea of 
BUuikinsop, and Gathcart, in IS47, devis(‘d a rack 
line ill America, but placed it Iwtween tlie rails 
with a special pinion workial by the engine, the 
outer rails and Avheels merely liearing th<^ load, 
and all subseqiuuit improv(‘meiits have been 
based on this principle. 

The next development was by Silvester 
Marsh, in 1858, in America, and by Rigg(*nbaeh, 
in bhirope, in 1871, In tlicsc an apparatus of 
ladder-like form was fixed in the centre between 
the rails, on the rungs of which corresponding 
protuberances on a centrally driven w1h‘i‘ 1 
acted. 4'1 i( 5 Mount Washington line on Marsh's 
plan, and the Riglii (6|, the VVengern Al]», Rrunig, 
Apponzei, and olhcTs in Europe on tJie. Riggen* 
bacli system are exam])les. Roman Abt, how- 
<‘ver, Avho miglit be called the George Stephenson 
of tile rack railway, introduced, in 1882, the 
system called by his name and now almost 
universally followt^d. Rig. 7 shows a portion of 
tlie Zermatt, railway on the Abt syslem. 

Present Day Practice. Jn the Abt 
system the ordinary adlu'sioii principle, as 
tlie smooth wheel on tlui smooth rail is called. 


the train is on the level or on an easy graded 
part of the line where tliere is no rack, the 
pinion engine is stopped, the adhesion one 
doing all the work ; but when the steep rack 
portion is reached, the whole power of both 
engines is put into action. It may bo asked, 

1 low can adhesion help in this case ? Rut it must 
Ix^ rmnembered that the boundary between 
the grading on which adhesion alone is sufTicient 
and tliat on which it fails is very indeterminate, 
de])onding on two factors —the condition of the 
i-jiils and thi) load to be drawTi. Ror example, 
on a fairly steep grade an engine may be able 
to (Iraw^ itself up by simple adhesion, but fail 
to draw a load behind it in addition, and to 
the fornuM* extent Die rack mechanism of the 
<*ngine is rcliev(‘d of its work. It h.as also been 
found by ex[)(‘rienc(^ that, should th(’i adiiesion 
driving wheel he inclined to slip, tlur action of 
the pinion and rack not only pn^vents any 
running hack, which would inen;a.se the ten- 
fleney, but by im[>el1ing the engine forward 
causes tlu^ adhesion wheel to bilet on a iKnv 
place, aiul thus regain its purchase. 

A German Mountain Railway. The 

Kartz Mountain railway, in Germany, wliieh 
has a h<‘avy goods ami passtoger t rathe, is 
one of the most notable examph's of the Abt 
syst(‘m, and, Avith somcr slight modilieations, a 
description of it Avill serve for all. 'riie lino, 
though making a considerable aggregate aseiuit, 
is uneven, having many eomiairatively easy 
grades in its length of 10 miles, 4;{ mill's made 
up of Hiweral se})arate short lengths being 
provided with thi' rack. The steepest gradi^ on 
the adhesion part is I in 40, and on the rack 
portion I in Jt)‘()7, the sliaipest curves being 
0 chains ami 12j cluiins radius on I'aeh res- 
p<‘(‘tively. 'rill' j)erm:i.nent way, which is on 
the standard gauge, 4 fl. 8^ in., consists of 
steel rails WTighing 00 .J lb. ])cr yard, laid on 
steel sleepers of about 00 11). weight each and 

2 ft. lO’J in. apart from centre to centre. The 

rack is of three steel bars, each 4'.‘{.‘1 in. deep ami 
0'70 in. thick, and tliese are .separated from 
each other by a distance of [‘.‘lO in. TIio rack 
bars, which are suitably lixed to the .steel 
sleepers are what is ealli'd iliat is to 
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and the raek-and-pinion system are combined 
in one engine, one pair of cylinders working 
the driving wheids on the ordinary smooth rails, 
which carry tlie weight, and another pair 
actuating tlie pinions [4], which engage with the 
rack l)ctwecn the rails. By this method, when 
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say, the tcetli on one bar are not opjiosito to 
those on the one next to it, but are onc-tliird 
of a tootli space in advance of them. In the 
pitch-line the teeth and spaces on each bar 
measure 2’36 in. [5], The top of the rack is 
2i in. over the rail level. 
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With regard to the pinions on the engine, 
there are two sets, one Miind the other, eaeli 
consisting of throe -discs at the same distance 
apart, 1*36 in., as that of the rack-bars, so as to 
engage with the latter. Their teeth are alsd 
staggered in such a manner that fresh cogs 
are Ix'ing continually engaged, and there aio 
always nine teeth in contact with the rack. 
By this arrangement [ 4 ] great smoothness in 
running is attained. 

diitering the R.acK. Tlio transitions 
from the adhesion to the rack portions are 
not oontined to where stoppag<'s at stations 
oc(!ur, lumoe a device is necessary so tliat the 
(aigine, with its train, can run on easily from 
the former to the latter, witliout stop])ing. 

The (uitry on the raek is l)v m<‘ans of a straight 
triple rack-tongue jS], about 10 ft. long, su})- 
ported on pairs of volutin springs, ba.sed on a 
longitudinal sl('<'per in a ]>it, so as to atlmit of 
the vertical dc'pressioii of tJie tongue if tlu^ 
teeth of the ])ini(;)ns should not engag<‘ per- 
fectly on approach, and ride upon the t<‘eth of 
the tongue-raek. 'I'he tongue is Iiinged at the 
end whi'rc it joins with the ordinary raek, and 
is tapered, as to its depth, at the other end, so 
as to facilitate the (‘ntry. 

The steam is shut off from tlie pinion 
machinery on those lengths where the iiu’k is 
not laid ; but when approaching it the n‘giilator 
of the pinion machinery is slightly openecl so as 
to cause the pinions to reyolve slowly, and 
enable them, as they *'i<^le on to the tongiu*, to 
engage the teeth of the tongue-rack without 
concussion. As soon as tliis is elleeted the 
regulator is fully opened, when tin? pinions take 
their fair share of the. work in the ascent. As 
the engine is placed at the rear of the train in 
the ascent, the raek extends on to the* adjoining 
lower adhesion length to the ma.xiinuiii length 
of the train, as othervvi.se the engim^ would 
not get the lielj) of the ruck vvlicii a portion of 
its train ahead is on the incline. Similarly, tlui 
rack is extended to some distance the 

top of the incline, so that the engine, which 
leads in the descent, may have its pinions 



safely geari‘tl into 
descent is h.igun. 


the raek before the actual 



7 . ZERMATT RAILWAY ON THE ART SYSTEM . 


Xhe Locomotives. Thi* cngiius an* of 
th(‘ ta.nk ty])e, working without turning. 'The 
three axU‘H of the adlu'sion wIk'cIs, 4 ft. 1 in. 
in diameter, wliieh arc iii front, of tlie lirchox, 
aiv coupled. Tn addition theia* is a fourth pair 
of vvh(‘els on a Bissel tniek iiiidiT the fou1j)late. 
T1 h‘ ])air of cylinders working the adhesion 
drivaus is outside*; tJiosc^ driving the pinions are 
inside. li]aeli pair has sc]) irate steam’pi])(‘s from 
tlu* same boih'r, and has iiKh‘])end('nt action. 
'Pile two sets of pinions, whii*h arc* *2*J o6 in. in 
diairietc*!*, are eouphsl, llie rear one being tlu? 
driver. 

tootlied gearing is su])porte(l by an (‘ntir<*ly 
separate* frame r(*sling on I hi* leading and trailing 
driving axles of tJie adhesion vi heels, so t hat tlu* 
gri]) of the ])ini()ns is in no way atfeeled by tiu* 
play of the s])rings. and this inside frame is 
lifted from tinii* to tiini* to allow for the wear 
of tlu; adhesion- wheel tyri's. 

'Pile total weight of tlu* engine in working order 
is .V) tons, and the maximum gross load lH*hind 
the engine is 1.37 tons. 'Phe ordinary load, 
hov\(*vcr, is much less, and the coal 
eonsumpfiou is ainnit .“>0 Ih. jier 
train mile. 

'Phe w(*ar of the pinion teeth, 
of course, is mucli greater than 
that; of the raek-har teeth, as eaidi 
one of the former has a contact for 
every revolution, whili; each of tlu; 
latter lias only two contacts for the 
passage of eaeli train. 'Phe pinion 
discs an* taken off from tinu; to time 
and r(‘\a'rsed, so that each side of 
tlie tci'tJi may wear (‘venly. 

Brakes and Points. Th(*ro 
are four brake's on the engine, two 
hand-brakes, one acting on the tyres 
of the wheels in the oidinaiy way, 
and the other on grooved discs on 
ea(;h of the jiinion sliafts, which 
latter are, of course, elYeefiv'c only 
on the rack lengths. 'Phe otluT 
two are compressed-air brakes, one 
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acting on the adhesion mechanism, and the 
other on thfi pinions, and they operate by 
preventing the free escape of tiie air from the 
cylinders, thus using the compressed air in 
retarding the progress of the engine. The two 



where good hardwood timber is easily procur- 
able, the latter is found to be sufficient. There 
are several Abt lines in which the grade is as 
steep as 1 in 4. 

Other Systems. In the “ Locher ” system, 
invented in 1885, and used 
in the steep tourist line up 
to the summit of Mount 
Pilatus, in Switzerland, the 
rack is of a dilTerent form. 
There is a longitudinal 
steel sleeper in the centre 
oji which is mounted two 
racks, projecting outwards 
laterally from a central 
vertical 
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8. FLAN, ELKVATION, AND SKCTION OF HACK TONCCK 

iiaiul -brakes sre used for shunting puq)Oses, 
whihi the latter two art? for tin* descent. By 
the (lov(‘rnment regulations, half of the vehicles 
besides the above must be ])rovided with brakt's, 
but these are nc)t rtaiuired, as a rule, to control 
the train, the engine brakes being suflieient. 

On the Hart/ line tluu’e are no i)oiiits and 
crossings on the rack length, lienees these a.re 
of the ordinary description, but on otlier Abt 
ra(^k lines they* are made of the tyja^ shown in.9, 
which fully explains tlu^ movmnent of the 
switches of the rack in luirmoiiy with those of 
the bearing rails, the rick being here reduced 
for sim})licity to a single bar. 

Speed. As to speed, tlie trains take from 

1 hour 5f) muiutes to ‘2 hours 20 minutes on the 
ascending journ(*y, ajul from 1 hour 44 minutes to 

2 hours 20 minut<'s descending, to do th<‘ 10 miles, 
the ordinary speed on the rack being 
about 4 miles j)er hour. On tli,e Nilghiri 
Abt line in India a much liigher speed is 
attaint'd on the rack. I’lie traflie is com- 
paratively heavy on the ITc-rtz railway, 
and on many of "the 42 lines on dilTerent 
gauges in all parts of the woi'ld which 
now exist on tJu^ Abt system two raek- 
bars are found to bo sufficient. Having 
th<^ racks amd pinions duplicated or 
Iriplicatt'd, as in the Abt system, affords 
a good guarantee of s;ifety in case of the break- 
age of a tooth. Ill fact, such a thing is not 
known to have ha])pencd. 

Steel slee}itu’s are gt'nerally used in order that, 
through their stiffness, the relative levels of the 
rail and rack should b(5 well maintained ; hut 
on the Nilghiri line in India, and in other places 
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lil). The })iiiions 
of tlie locomotive, 
wliitdi are in hori- 
zon t«i I pairs, en- 
gag<‘ with thcsi', 
gripping the rack 
between them. 
'Die maximum 
grad<' is as much 
as 1 in 208. 

The St rub nick, 
invi'iited in ISffti, 
r(‘ verts to the 
viTticu-l tv])e. It 
is b<*iiig us(‘d on 
tb(‘ Jungfrjiu 
metre gauge elee- 
trie line, .and is of very heavy const nietion. It 


JdiLi- 
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w'as coiisid(‘rcd tb.it, .as so much of tliis railway 
was situated at great (‘Icvation above the snow 
line*, and was (liflicult of access for maiulx'iiantH', a 
s])eeial heavy form of rack was required, and 
also on account of tlu* severity of the grade, 
imieli of it Ix'iiig as stts'p as 1 in 4. As only 
about lot) days of sumiiK'r tourist traffic in 
th<* year were availabh* for working, heavy 
loads for sueJi a grade weie, therefort*, to be 
exjiected as eoneeiit rated within that period, 
jind a strong rack w.as coiis(‘(pu‘iitly necessary. 
'J’ju* line is about 7.1 miles long, {MkI the great(‘i 
portion of the upper part is placed uiuh'rground 
in tunnel, to avoid in- 
jury and interruption to 
trafhi^ from avalanelu's. 

A lift from the u])piT 
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9. RACK POINTS AND 
? C’ROS.SINO 


terminus, wdiich is underground at 13,425 ft. 
above sea-lcvid, Aviil take the pjissengers to the 
mmmit of the mountain. 

Details of the Strub Rack. The rack, 
whicli is single, is fixed centrally on heavy 
hollow steel slceiicrs 5*91 ft. long, wide, 

and 2};] in, deep, 3 ft. in, apart, centre to 
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centre, and weighing 81*57 lb. each. The rack 
1 10 and 11 j is (){,V in. deep, and 2^ in. wide at 
the top, naiTowiiig downwards to suit the grip 
brakes <‘mployed. Its tensile strength is 2S*57 
tons per square inch, and it weighs <>8*55 lb. 
per yartl. 

'J'he train is composed of com])ound vehicle 
comprising an <‘1eetrie motor carrying .‘U) pas- 
sengers, and another car with 50 ]>ass<‘ng<‘rs, 
thi‘ whole weighing about 2(i tons. The motor, 
as well as the electric installati( n of this line, is 
n ferrtid to in eourses of Rleetricity. 

'rhe brakes are of thi^ shape of a ' ^ 
foreeps, woiked by hand from the 
door of the vehicles, and their action 
can be fully understood from 12. 

IVheii not- closed on to the rack for 
actual braking, the jaws of the brake 
}>roject under the lu‘ad of the rack so 
as to prevent dcrailjiuait should the 
vehicle tend to rise from any obstruc- 
tion on the line or other eaust*. They 
also prtivent the side-slipping of the 
pinion. 

In the exe<‘ssively steep lin(‘s, it is 
founil iieei'ssary to anchor the road — 
th it is to say, to drive pik's down at 
intervals at the lower side of tlu‘ 
sleept'r, otherwise the combined effort 
of the steej) slo])e, the vibration, and 
the pri'ssure of the pinions would cause the whole 
l)ermanent way to shift gradually dow nw ards, dis- 
torting itself at the curves. In the very stee[) 
tourist lines 
i n , Sw'itzer- 
laiuJ the seats 
in tile ears 
are inclined 
so as to he as 
nearly level 
as possihk* 
when on tlu^ 
grade. 

fn the two 
railways last 
r<*ferr<‘d t o , 

which are on very steep inclines to mountain 
summits, and in similar on<*s, there is evidently 
no allernativt; between the rack or rope and sta- 
tionary (‘ngiiie, and any other system. Adlu'sion 
iilom^ is out of tl»e <pit^stion. But it sometimes 
hap]>ens that in a section of an ordinary railway, 
wh(‘re a mountain range has to be <»\ereom<‘, 
a choice may lie bt'tween a comparatively easy 
adii(‘sion grade and a steep rack. In the former 
ease it would be necessary to climb the mountain 
side giadually in order to attain a giv<*n elevation, 
the lino being made much longer tlian it otiier- 
wisc need be, or developed, as it is called, curving 
round spurs and valleys for the special ])urposo f)f 
giving the necessary length in proportion to the 
height, so as to have a workahle adhesion grade. 

In tho latha- ease, the height, by means of 
tlie steep grade which the rack admits of, can 
he reached in a vt?ry much shorter length. Each 
problem of this kind has its own conditions, and 
must be solved on its own merits, no general 
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rule being possible. However, the advantages 
and otherwise? of ea(‘ii alternative may be 
bi iefly shown. 

Respective Advantages. Kirst, as to 
th(? adhesion line. I’liis has the. advantagei of 
involving no departure from tin* usual tyi)e 
of ])<‘rmanent way and t'ngiiu* pr(>j)er to the 
rest of the line, tlie Jatt(‘r running through 
the whole l(‘ngth ; an<l though by tlu‘ Abt 
<ofulnnution engine this could h<* don(‘, yet if 
the rack forms only a small portion of the whole 

^ railway the ]>inion mechanism would 

* c I ; he laigcly Jimunployf'd. If the rack 
i ; t^ngines won' limited to tlu‘ sliort-raek 
• incline, unl<*ss tluu'<^ were a V(‘ry larg<’! 
' " J traihi‘ they would be ])r()bably often 

standing idle waiting for tratlk*. 
Secondly, as to the ra<‘k ; the cost of 
eonstriution, a])arl from the rack, 
would l)e less, not only h(‘<*a-use 1h(‘ 
line would he shorter, hut l)eeause, 
Ix'ing less limited as to grade, greater 
(•lioit'c of alignuu'ut is open to the 
surv(‘Vor when locoting it. Again, 
tlie const ruc tion and maintenance* of 
the pc*rnian(*nt way. though h(*avi«‘r 
mile* for mile, might Ix' mneh l(‘ss, 
10. SKCTION OF STKUU \>'virtg to the shorter l(*ngth, and, ai>art 
from the pinion nuxlianism, the wear 
and tc‘ar of all rolling stock, wliiclv is 
roughly proportionate* to the* dis- 
tance? travelled, woidil he* less, 
M’hirdly, the' 
d<.*ad w'<‘ighf- 
of e*ngine* in 
jiroportion to 
load drawn is 
less, so that 
the* fuel, etc., 
e*xpe*nde'd p(‘r 
ton of pay- 
ing load lifted 
is j(*ss. 

Subje*et to 
the* last eon- 
s ide I' a t ion, 

the* actual nu'ehanieal work, and tliere‘fore? the*, 
working cost of raising the load, w(add be mueli 
the same* in each case*, toi* tlie great e‘r spev.d 
on the* adhe*si()n line? would be* ne?utralise*d by 
its gr<*at<*r le'iigth. 

\Vhe*re*, in any ge*ne*ral railway system, a rack 
sex’tion is inte*r[x»se*el be.*tw 1 * 1*11 two groups of 
orelinary line*s, su(*li, for instancr*, as a connection 
lx*twe*en a I'oast and a fable*laiid eoiintry, the; 
rack grade* should not, if possible*, e*xe*(.‘eel 
tliat on wliieh an ordinary engine could 
ehaw' it.self up. ()the*rwisi* the* cire'ulation of 
e'ngine stoek bctwe'cn the two systems would 
lie* Iiam])e*re(l. 

Ttae'k railways have had the‘ir ehie*f deve*l(3p- 
nient in Switzerland, Austro- Hungary, and (le;r- 
many, but they are in use also in France, North 
and Sejuth America, Australasia, Inelia, .lapan, 
and otlier countries. The de;velopnie;iit lias rie^t 
been great in the United Kingdom, the; necessity 
for steeply-graded railways being limited. 
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Th 2 Value and Dang:er of Certain Chemicals in Milk and other Foods. 
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Tea as it Should be Made. The Alkaloids — Animal and Vegetable 


By Dr. C. W. SALEEBY 


Benzoic Acid. Tlio acid which has the 
formula ( /,;H -,( K)()H is the characteristic con- 
stituent of the gum known as licnzoin, and is 
found in various balsams. It used to be extracted 
Irom b.*nzoin by sublimation. This proct'ss 
carries away with the acid a certain quantity of 
the volatile oil contained in the resin, thus giving 
it a very pleasant odour. Nowadays, however, 
the aehl is larg(‘ly pre])arcd from coal-tar. It 
crystallises into very delicate and very light 
colourless ncc^dles. In the p]‘(‘s<mee of water 
vapour it is volatile. It is only very slightly 
soluble in <*old water (I part in 400), but dis- 
solves n^adily in hot w'ater, alcohol, and solutions 
of alkalies. We have already seen that this acid 
is the valuable constituent of Friar h hnUam. 
It is a pow'crful and volatile antiseptic. When 
administered internally, it is found that bimzoic 
acid ai)pears in the secretion of the kidn(;y as a 
closely allied acid called hippurir acid. This acid 
may be regarded as a compound of benzoic acu'd 
and the body known as (jhjcocoll or aintdo-accfic 
acid, which has the formula ( 11 -NO.^. This is a 
rather remarkable case of synthesis, the building 
up of compounds into more complex compounds 
within the animal body. Outside the l)()dy, 
hippuri(? acid can readily bii coiiv'crted into 
benzoic; acid and glycocoll by boiling it witJi 
dilute hydrochloric! acid. 

Benzoic Aldehyde. ]»enzoic acid, 
C,;H-COOH, corresponds to benzoic aldehyde, 
0,;H -COH, just exactly as acetic acid, OH X’OOH, 
convsponds to acetic aldehyde, (Tf ..(XI]I. Fur- 
thermore, wt! know that acetic aldehyde is derived 
by removal of two atonis of hydrogtm from ethyl 
alcohol ; similarly, benzoic aldehyde has corre- 
sponding to it an alcohol known as ftenzpl alcohol, 
which contains two atoms of hydrogen more than 
tin* aldchyd'*, having th<; formula r,jH -(TIjOH. 
The aldehyde may i)e produced by oxidation of 
the alcohol, wdiich thus loses two atoms of hydro- 
gen. Its natural source, howevc!r, is of very 
great interest, and has alrc‘ady been rcdtuTcd to. 
The oil of bittc!r almonds contains a highly 
complex body which, since it yields glucose on 
dc*eomposit ion, is known as a gluarside. It has 
thc‘ name of amipjdalin, derived from amygdala, 
th(* botanical name for the almond. This ajjiyg- 
dalin is normally decomposed by a ferment 
known as cmulsin, wdiich is also a normal con- 
stituent both cjf the bitter and the swc'ct almond. 
The action of the einiilsin is to hydrolyse the 
amygdalin, and the products are sugar, benzoic 
aldeliyde (which is therefore often know'ii as 
(u7* of hitler almo-ndet), and prussic acid. When 
the so-called oil or aUhdiyde lias been purified 
by .the distillation of the prussic acid, it is quite 
harmless, as well as pleasant. The reaction, 
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wdiich depends u[)C)n the ])resenco of moisture, 
is represented by the following equation, the 
first term of w hich is thci formula of amygdalin : 

^ i- .0 4-2C,.H, .,0,. 

■{ HCN 

Benzoic ald«*hyd<', oficm known as benzaldc- 
lilpic, has reactions which closely coiTcspond 
Avith tiiose of acetic aldehyde ; thus, naseemt 
hydrogen l eduec^s it to its alcohol, and oxidising 
Hg(‘nis form b uizoic acid from it. 

Salicylic Acid. Very closely allied to 
benzoic arid is .salicylic acid, Avliieh is, iruh'cd, 
a hydroxy- benzoic acid -that is to say, henzoi<! 
acid, one of the; hydrogen atoms of Avhich has 
been rt'placcd by bydioxyl. Thus its formula 
is (\;H, . OH . ('()()H. This acid is known 
in commerce in Iavo forms. One is knoAvn as tlu^ 
vegetabh acid, btang deriA^ed directly fiom the 
A'egetable Avorld, while th(‘ other is knoAvn as tho 
artificial arid, or synthetic acid, but must iilti- 
inately also have its origin nden'od to tho 
A'egetahl(‘ world, coal being a A^egetahie product. 
A comparison of the two proeosses of manu- 
fat ture is of interest, and of very considerable 
practical importance. Tlu‘ plant known as the 
trinU r grtoh yields an “ oil of winter green,” tlio 
chief corislituent of whi(*h is a methyl salt of 
salicylic acid. 4’his methyl salicylate readily 
yields salicylic acid on decomposition. Tiiis 
natural or veg<*tal>l(‘ acid is relatively vc'ry c‘.x- 
pemsive, but has the great virtue of purity. 
Thus, the salicylate of sodium formed from it, 
and now recognised as one; of the most A^aluablo 
of all drugs, is pure and safe. 

On the other hand, salicylic acid, destiru'd to 
he a source of salicylate of sodium, may also 
be preparc'd by tlu; action of carbon dioxide upon 
the earbolate of sodium. If dry carbon dioxid«< 
he passed through this salt; at a temperature of 
about 400* F., an impure^ sodium salicylate 
results, and this, under the action of liydroelilorie 
acid, yields salicylic acid. The following is tho 
e<jiiation for this interesting reaction: 
•2C,.H,ONa H- CO.. C,.H,. ONa. COONa + 
C,:H,OH. 

Pure sjilieylie acid occurs as needle shaped, 
colourless crystals soluble only to the extent of 
1 part ill 500 of cold Avater, but readily soluble in 
hot Avater, alcohol, and ether. Watery solutions 
of it yueld a beaut iful reddish Auolct colour, with 
a solution of ferric chloride. 

The artificial acid is extremely cheap, and is 
AA'idely used as (1) a source of sodium salicylate 
for medical purposes and (2) a preservatiA^o of 
foods — for it is a very powerful antiseptic indeed. 

Synthetic Salicylic Acid. The syn- 
thetic acid, however, invariably contains a 
considerable quantity of impurities— allied acids 
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called cresotic avida. Certain of these arc very 
highly poisonous, so that (‘xtremely minute 
(piantitios of them may cause serious symptoms. 
Now, sodium salicylate is a drug which has to 
be administered in very large doses, so that the 
ditfereiico between two or three pence and 7 b. (id. 
per lb. — which rc})n‘scnts the ratio of the, two 
prices, at any rale -is an important matter. 
TIu; use of the salicylate of sodium d(‘rived from 
the synthetic acid has led to the bcli(‘f that the 
drug is dangerous, especially tt) the heart, and 
must be used with caution. The salt Avhich is 
derived from the natural acifl, hoAvover, and 
which contains no salts of ercsolie acid, is n*- 
markably free fi'om any injurious conseqiu'net*, 
and as much as ,‘100 grains of it have been 
oiveii in a dose Avithout any injurious result. 
In the cas(^ of a drug Avhich is tlu^ only known 
specific for a disease so important as rheutuatic 
fever, tlicsc^ elieniical considerations demand 
most serious attention. It is Avorth noting that 
just as benzoic acid unit(\s Avith glycocolt in the 
kidney to form hipjuira; acid, so salicylic acid 
unites with glycocoll to foi'rn what is called 
.sY/ 1 icf/l u ric arid. 

Salicin. Salicylic acrid derivc's its name 
indirectly from the willow tree, thc^ botanical 
name of Avhieh is Salix. The bark of various 
species of Salix contains a crystalline glueoside 
knoAvn as .su/e fa, Avliicli, under tlnr intiucnccr a 
mildly alkaline fluid and warmth, is decornjM>scd, 
yic'lding glucosci and salicylic acid. Tliis dccoiii- 
])osil ion occurs in the blood, and tbc value of the 
aci<l Avas iirst discovered by the administration 
of salicin. 'Phe i)harmacologists arc at jwesent 
unable to t(‘h us Avby the salicylate of sodium 
is so extnunely valuable in rheumatic fc^ver, 
but th(^ great student Professor Hinz, of llonn, 
has sugg(‘sted that the salt, is decomposed 
by the carbonic acid which is known to exist 
at a considerable pressunr in intlaimd joints, 
and that salicylic acid, a poAA’crful antis<*ptie, is 
thereby liberated sloAvly and aa it bout irritation, 
liheuiuatic fever is known to he due toami< i’ob(‘, 
so that this most attractive^ exj)lanat ion may 
possibly be verilied some day. 

Salol. Another closer ally of salicylic acid 
d‘‘serves mention. Its common namcr is 
and it may bc^ rt^garded as })lK*nyl salicylate, 
being prepared by the? interaction of salicylic 
acid and carbolic ac-id, and c'onsisting of sixty 
parts of tile former and forty of the lattcT. This 
is an extremc'ly insoluble sidistancc*, but is very 
valuable imlec‘d as an antiseptic in the bowc‘1, 
the reason being that it iiiidergoc^s no decompo * 
sition until it is subjec ted to the*, action of tryp- 
sin — the pcwerful ferment Avhieli it meets in tlic^ 
bowel, and Avhieli slowly decomposes it, with 
deliberation of the two potent antiseptics of 
whieli it is composed. 

Salicylic Acid in Food. It remains 
for us to discuss the extrenudy important ques- 
tion of the use of salicylic ac;id as a preservative 
of food, and ther<?after we must raise a few 
general considerations concerning the chemistry 
of food preservation; this being a practical 
subject of very great importance, which is now 


recognised as a matt«.'r for discussion and 
examination liy various cdicunical authorities. 
Salicylic acid may be chosen as a typic'al eliemi- 
eal preservative of food, since it is used in enor- 
mous (]uantitic‘s, and in foods of very diverse 
kinds. In ec'rtaiii foods, salicylic acid, we have 
lately learnt, is a natural constituent, as, for 
instance, in such fruits as straAvberric‘s, plums and 
oranges. Henec' the acid Avili occur in many 
jams, and this must be rc‘niemberc*d. sinec^ it is 
the favourite antiseptic c‘in}>loyed for jams and 
other form}; of ])rc s('rved fruit, as Avtdl as for a 
mimber of winc‘s wliicdi may also naturally contain 
it. Ihvsides bedng art ilic ially adclc'd in eonsidcTalilc' 
cpiaiitities 1«) jams, Avinc‘s, syrups, eidcM*, perry, 
and bcxu% salicylic acid has “ also bec*n found in 
hiitter, sanc‘c*s and ketchups, in meat juiec's, 
potted mc'at and sausagc‘s, in sluuTy, port, 
ipc'caeuanha wine*, and orange and quinine Avine. 
Occasionally it is ciuplcyed, either aloncs or 
more usually in eonjunc-t ion witli boric; acid, 
for prc'Sca ving milk and erc'am. ’ This and the 
following cpiotations are from thc^ most eompleto 
study of the subjc‘et in Englisli : “ Presc'rvatives 
in Focxl, and Focal Examination,” by John ('. 
Tliivsh, J).Se., F. I.(‘.. and A. E. Portew, 

M.D., M.A. {J. and .\. ('hurehill, U)00). 

Specific Value as a Preservative. 
The report, of the Dcqiartmental (Vnnniittee 
a])pointed in ISSO liy the* Presidc‘nt of the Local 
(Mm‘rnmcmt Hoard to ccuisidc*!’ this subject 
sliows that salicylic ac id is gc'nerally sold under 
various trade nainc‘s, like othc‘r c*iiemic*al pre- 
sc‘rvativc‘s. M'his ac id is not. employ c‘d in vt'ry 
large jiroportions in any article' of died, and 
a.<*eording to the* bc'sl authoritic'S ” the decla- 
ration of its prc*senee and amount Avill probably 
m(*c‘t most of the) objc'ctions that cum rc'asoiiahly 
he raised to its use*." ( hlier aiithoritic's discusse d 
the* suhjc'c t cjuitc' rc*c‘c*ntly, and have*, muie or 
lc‘HS, rc'futcd the assc'itions that tin* acid as used 
is injurious to ln*:ilth. 'riic* excretion of the; acid 
is c'xlraordinarily rapid, and siinc* it doc's not 
tend to ac*c*umulat(* in the body, it has no c*umula- 
tive* ac*ti<>n. Salieylie* acid scM*ins to he almost 
invariably found in lime-juice* prc'parations, 
and c*s])c*c ially in liine-jiuc*e cordial. “ Tlic'rc^ 
is, apparently, no evidc*nee that salicylic acud, 
c‘mj)loyc*d as a preservative, has c*ver produced 
any injurious elTeets.” ‘rin* ac*id is one* of those*. 
usc*d for the? preservation of milk, though much 
Ic'ss frec|uc*ntly than hoiac-ie acid. Its usc^ for 
this purpo.e is dt‘linitc*ly to he eondc'innc'd. It 
is very eoininonly found in cream and hiittc*r. 
In both of thc‘sc^ easc*s, the use* of horac*ie ac*icl, if 
any j)resc*rvative is to he usc*d, is much ))rc‘fc*rahle. 

Official Recommendations, in con- 
cluding this hric*f study of our sul)jc*et, and 
as an introduetion to the* study of the chemical 
)>resei vatic)n of food in genc*ral, aao cjuotc; in full 
the; vc*ry important iccommendations which 
conc'ludc; the? report of the; Departmental (.'om- 
mittcH* refc*rred to. 

“ (rt) That the use; of foi rn aldehyde or for- 
malin, or preparations therc'of, in food or drinks 
he absolutely prohibitc*d, and that salic*ylie acud 
be not used in a greatc*r proportion than one; 
grain per pint in licpiid food, and one; grain per 
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pound in solid food. Its presence in all cases to 
bo doclared. 

“ (6) That Iho ns(j of any preservative or 
colouring matter whatever in milk offered for 
sale in the United Kingdom be constitued an 
offence under the Sale of Food and Drugs Act-. 

“ (c) That the only ])rcscrvative that it 
shall bo lawful to use in cream be boric acid, 
or mixtures of boric acid and borax, and in 
amount not cxcc'cding 0*25 per cent, expressed 
as bori(r acid. Tlu* amount of such preservative 
to be notitied by a label upon the vessel. 

“ (f^) Tluit tlui only im^servative permitted 
to be used in butter and margarine be boric 
acid, or mixtures of boric acid and borax, to bo 
used in proportions not (exceeding O f) f)er cent., 
expressed as boric acid. 

‘‘(e) That in the case of all di<‘tetic prepara- 
tions int(UKh'd for the use of invalids or infants, 
chemical preservatives of all kinds be prohibited. 

“ (/) That the use of eof)per salts, in the so- 
called greening of pr(‘scrved fruits, bi^ prohibited. 

“ (f 7 ) That m(‘ans be provid(‘d, cither by the 
establishment of a se[>arate (‘ourt of Keferenct*, or 
by the imposition of more direct obligation on 
the Local Covernment •fh)ard, to exercise super- 
vision over the use of ])reservatives and colour- 
ing matters in food, and to prepare schedules 
of such as may be considered inimical to the 
public health.” 

The use of sjilieylic acid and other prc.serva- 
tives in milk is forbidden in Austria-Hungary, 
Belgium, Franco and Switzerland. 

Chemical Preservatives in Foods. To 

a race of (jity dwelU^rs, the preservat ion of food 
is a vital matter, for it is a necessary condition 
of their life. Means to this end have lanm 
ad(jl3ted from time immemorial. Whether chemi- 
cally or otherwise, food most certainly must ho 
preserved from decomposition if city populations 
are to be fed. Here we Jiave no concern with 
what is in general, the safest, simplest, and 
l)(*st nudhod of preserving food - that is to say, of 
killing tluj inienjbes Avhich it contains. This 
method is boiling, or in any other way raising 
the food tosueJi a temperat ure that tlie mierohes 
in it are killed. In general, the methods 
include exposure to great heat, and to groat cold 
— this latter being of the utmost importance 
in the preservation of milk — the exclusion of air, 
drying, smoking, and the addition of salt, boracio 
(boric) acid, formalin, salicylic acid, tiJcohol and 
many other substances. A number of these 
moans arc not only innocent and effective, hut 
necessary. The addition of chemical preser- 
vatives, our present concern, cannot be exeliuled 
from the number of these. The recent official 
inquiry showed that “ practically every person 
in t he United Kingdom who lias passed the suck- 
ling stage consumes daily more or less food 
containing chemical preservatives. It is obvious, 
therefore, that if such food were markedly dele- 
terious, some eonelusive evidence should hayc 
been forthcoming.” On the other hand, the ex- 
tensive use of these processes coincided with a 
steady fall in the death-rate, “ and it is very 
probable that one of the causes of this decline 
is the bettor feeding of tht^ people in consequf^nco 
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of the introduction of cheaper foods, this being 
rendered possible by the use of chemical and other 
means of preservation. . . . The dangers 

arising from the use of preservatives have been 
greatly exaggerated. It is impossible to .say 
definitely that a single case of illness has ever 
been conclusively traced to the preservative 
u.sod in any artkde of food or drink.” On tlu^ 
other hand, “danger may be apprehended 
from the indi.seriminate use of certain preserva- 
tives. It may be desirable that there should 
be some restriction as to their employment, 
and that in certain cases their use should 
be forbidden, as, for example, in milk.” 

A Proof of Success. The public, if 
it wcTO ra])able of learning the lesson, has lately 
been ])rovided with an a-stou riding proof of the 
practical success which attends processes of 
food preservation — in this casc^ chiiMly by heat. 
The tinned products of C‘hioago, wo now know, 
are prepared under conditions which, until the 
last moment, are abominable in the highest 
degree. M"hc food is infected with civery kind 
of dirt, filth, and disease, and much of it is mere 
refuse from the first. Consumed in such a state 
it would s]>read death everywhere, yet millions 
autl millions of jreoph* live and thrive on it. 
As tile present writer has said (‘l.scwhcro, “ if, 
then, the preservation of food is a science so 
far advanced that it can actually make a palat- 
able, nutritious and safe produed, such antece- 
dents notwithstanding, it is surely evident, a 
fortiori, that when the ant<‘cedent conditions 
an* decent we may place very great faith indeed 
in the inetliods already known.” This is the 
contention which Drs. Thresh and Porter have 
conclusively proved in their mo.st important 
treat ist*. They show that methods of food 
preserv^ation, for instance, emable tlu^ poor to 
be sup})lu^d with good, wholesome food at low 
prices wliicli would hav'c to be multiplied 
manifold if these methods were unknown. It in 
well that society should protest against abomina- 
tions sucli as those of Chicago, hut- it is well 
also that our actions should he qualified by 
knowledge, and that wc should seek merely for 
the legitimate use of methods, many of whicli 
have been found necessary and successful for 
ages past. How long, for instance, is it since 
sodium chloride — that is, common salt — was 
first added to food in order to preserve it ? 

Why Milh Should not be Adul- 
terated. And now, having endeavoured to state 
properly the general principles of this matter, let 
us considi‘r and em^ihasise to the utmost a con- 
spicuous and all-important exception. It con- 
cerns the most important of all foods, milk. It 
is the most important because it is the best of 
all foods, and because its state is a matter of 
life and death for (;very one of us during the first 
years of life. It is an ideal food, not only for 
man, but also for microbes. It is constantly used 
for this purpose by bacteriologists, who know 
no better “ culture medium.” Hence this best 
of foods is the most in need of preservation. 
When contaminated, as it constantly is, it may 
become the most deadly of poisons. The most 
common decomposition undergone by milk 
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consists in that lactic acid fermentation which 
we have already discussed. On the whole, 
this l>Mjt ic acid fermentation may be regardcjd as 
practically inno:^cnt ; Professor Mtitchiiikotf, 
as wc have seen, thinks that even more m.ay bo 
said for it. All the other dccom]>ositions and 
contaminations of milk may be regarded as 
more or less deadly. 

The Slaughter of Children. The lament- 
able thing is that whereas the innocent fermen- 
tation has a result obvious to th<^ nose ami the 
jjalate, the deadly feriiumtations and contamina- 
tions are inconspicuous to thos(^ organs — though 
they play a great part in the death-rate, killing 
babies in tens of thousands every year and 
forming one of the chief factors, if not the chief 
factor, in the spread of tubenudosis — the most 
deadly of all diseast‘s — of diphtheria, typhoid 
fever, scarlet fever, and many other distaises of 
less im])ortan(a\ Now, the second most un- 
fortunate fact is this -that, tlu^ lactic acid 
bacteria (?an he kilh^d by ])roportioiis of chemical 
preservatives, such as horacic and salicylic^ 
acid and forrualdeliyde, \vhi(;li are not injurious 
to health and which do not alToct the tlavour of 
the milk. But thescj bacteria uro the most 
delicate of all that infest milk, and tlie propor- 
tions of preservatives wliich kill them are im- 
potent. to affect the dangerous micirobcs, though 
1h(*sc proportions unfortunat(‘ly succ(*ed in 
keeping the milk sweet and, therefon*, ap])arently 
safe. No more unlucky combination of facts 
could ho imagined. say, then, dogmatically 

— and this is om' of the most, important, facts 
for tlu^ ])uhli(^ health tfiat can possibly be 
stat(‘d — that, the use of chemical preservatives 
ill milk do('s not. lessen in the .slight(‘st degrei‘ 
any (lang(‘n)us properties that the milk may 
possess, hut int<*rfores merc'ly with the miilti- 
])lication of innocent microbes whieh, as we have 
sss'fi, if allowed to multiply, would themselves 
arrest tlie devcloiiment of certain dangerous 
microbes. 

The coiK^hision, th<*refore, is that llu* use of 
elK'inical ]>reservatives for milk is invariably 
11 , «< “less. But this statenuait is only a feehk^ 
indication of the real facts, as we sliall see in a 
moment. Here let us meet the ohj(‘(;tion that 
siuili methods are im?vitable. 

Preservatives in Milk Unnecessary. 
It has been eoiurlusively ])ia)ved, as, for 
instance, by the Aylesbury Daily (bmpany, 
which d(\scrves all honour, that it is ])ossihle 
to supply, as they do, “ at least a hundred 
thousand pc'rsons a day in I.ondoii with milk 
absolutely free from prt\servativ(‘s, although a 
portion of tluur su]>()ly comes from Wiltshire, 
and ev(^n (hwhin^, a distance of 200 miles. ' 
Ninety-eight pt‘r cent of the milk sold in 
Liverpool is free from any preservatives. .Milk 
can ho sent long distances and yet he supplied 
in a good comlition to the consumers without 
the addition of any pieservative and without 
the aid of heat, 'rius can be done by immediate 
and efficient cooling, whkdi ought to be a h'gal 
necessity in the case of all milk sohl. Quoting 
again from the rexiori of the Departmental 
(committee, we may note that the Aylesbury 


Dairy Company, who used to add 0 2 per cent, 
of horacic acid to their cream, have, for s<weral 
years, been able to supply cream absolutely 
free from antiseptics. And the saim^ is the case 
of the cream siipply in Cop<‘nhagen. This 
last city is tlui model for tlu‘ whoh^ world in 
these matters. The only hutt(*r free from 
horacic acid which wo import into this (ajuntry 
comes from Denmark. We eonehule, then, 
without any (piestion or possibility of dispute 
that the use of pres(‘rva(i ves in milk is un- 
m‘C<'ssary. 

Dangerous to the Health of Children. 

We musi go further, and say that their 
us(‘ is dangerous. I'liis, as w(; have alrejidy 
seen, cannot he U'causi^ of their mere pres<‘nco 
ill tJie milk. It depends upon the comparative 
chemist ly of tiu* lactic acid bacteria and the 
<langerous hacti'ria that commonly contaminate 
milk, in their relation to chemical antiseptics. 
Tlu‘ point, and the wliole point, is that tlu^ 
addition of tlu‘Sii preservatives to milk, killing 
ihci laetie. a<*id haet<‘ria hut no ollievs, cloak^f 
the results of the (Hrfif amditions nndi'r which 
th<" milk may llien b(‘ produced. The report of 
the Departmental rommittee contains a [lara- 
grapli <»l)j(‘(‘ling to the use of preservativavs in 
milk on tlie grounds tliat “ tiien^ is evidiuiee 
jiointing to an injurious effect of horacusc'd milk 
u])()n tlu^ health of very young children.” Th<^ 
report goes on to say tluil th(*re are no imvins 
of controlling the amount of preservative that 
may be addisl to in ilk. “ Th(‘ farmer or })rodneer 
sometinu's a])plies it ; so does the wholesale 
])urv(yor ; so does the retail dtsilor ; hustly, 
the donu'stic use of preservatives is increasing, 
anil has become very general, and hence the milk 
may risauve a fourtli dose before it- reaeh(‘S the 
iinsusjH'eting eonsiiuu'r.” 

The Need for Cleanliness in Milk. 

But all these matters are relatively trivial. 
The vital objection is dealt witli in the t]iirlx*entli 
])aragraph of the report — whieh we ijuote in 
full. It emh(Klies statements which sluMild he 
part of universal knowledge : 

"‘There is this furtlu'i* ohjeirlion to tlu^ use of 
preservatives in tlu^ milk trathc — that they may 
lie relied on to proti^ct tlio.se engaged tluueiu 
against the immc‘tliato ri^sults of negk'ct, of 
scrupulous cleanliness. Ihuler the intluenei^ 
of these presiu vatives milk may h(^^ <*xposed 
without sensible injury to conditions which 
otherwise would render it iinsaleahic*. Jt may 
remain swei't to tas<e and siiu'll, and yet liave 
incorporated disf‘ase giTins of various kinds, 
wheri'of tJle activity may be suspiuided for 
a time by the action of the ]uvs(‘rvatives, hut 
may lx* ri'snnied before the milk is digi'sted. 

“ ft has }u‘(‘n put before us that it is not 
possible to sujiply largi', towns, (‘specially London, 
with new milk without tlu^ aid of prescu’vatives ; 
hut wo have ri*ceived abundant evidonct} lo 
prove that, this is no more, than a matter of 
organisati(m and system. No doubt the pro- 
hibition of [iresei’vatives in milk offered for sale 
would tend to the disadvantage of small retailers 
who have no cold storage, but this is not a 
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consideration which should stand in the way of a 
much-needed reform. 

“ As to the feasibility of conducting the traffic 
in the largest towns without prcs(*rvstivcs wc 
liave no doubt whatever. In Denmark tlic use 
of all preservatives in milk is strictly prohibited, 
and the prohibition is stringently enforced. . . 

London’s Milk Problem. “ Tn face of 
these facts,” the report continues, “we are of 
opinion that it is idle to ])ronounce it impossible 
to supply I^ondon with milk not artitieially pre- 
served. TIk? business would bo attended with 
some ineonveniencG at fiist, but we are impressed 
wdtli the n(*ed for facing that incun venienee, and 
for rendering the vendors of milk containing pre- 
servatives subject to pi'ualties under tlie Sale 
of Food and Drugs Act. Obviously, the con- 
ditions under whicli milk is sometimes kept in 
the homes of the; poor are likely to hasten the 
proeess<^s of deeomj>osit ion, hut we do not think 
this a suffitdent ji.rgiim<‘nl in favour of the sale of 
ehemically preservatised milk.” 

To this we may atld that the argument is the 
more worthh^ss in that the eliemienl ])reservat ion 
of milk in any proper sense at all is impossible, 
as we liave shown. What has been said about 
milk applies entirely to cream — notwithstand- 
ing the small (h'gree of licence suggesbal 
to be permitted by the (Vunmittoe. [Since Ave 
prepared this subject for the reader the 
Local Government Hoard hfi\c issued a circular 
condemning the addition of any chemicals to 
milk.] 

The Need for Legislation. S])ace 
docs not avail for any further consideration 
of this very large and very im])ortant sub- 
ject. For fuller study of it w(‘ would refer the 
reader to Switliinbank and Newman’s ” Bac- 
teriology of Milk,” and to the Avork of Thresh 
and Porter. have been able nK*rely to out- 

line the general principle.s and to enter into some 
small detail regarding the most important 
aspects of the subject. We have had to pass 
umjonsidered the comparati\^o utility of many 
chemical bodi(?s which are used, (piestions of 
the proportions Avhieli are etlcotive and saft‘ in 
each case, the relatiAady unimjiortant question 
of colouring matters (which noAV include the 
coal-tar colours, used very ex(<*nsively in eon- 
foctionery, j(‘llies, jams, sausages, temperance 
beverages, and wines), and also the important 
practical matters of the detection and estimation 
of boraoic acid, salicylic acid, etc., in actual 
samples of food. It is a ])ity also to have had to 
ignore the legal aspect of the question. The 
Food and Drugs Act of l87o is in urgent need of 
revision, and it Avould be avoII for us to have a 
municipal laboratory in our large cities eomptir- 
able to the famous laboratory in Paris. The 
Act of 1875 has led to conviction in ease.s where 
margarine or butter has contained as Utile as 
51 grains of boracic acid per })ouiid. In a case at 
Bootle the amount A\as actiially 120 grains per 
pound. ConAUction has frequently folio w^ed 
the detection of formaldeliyde in milk and the 
presence of large quantities of salicylic acid in 
various substances, such as jam, marmalade, 
ginger wine, etc. 
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The day' has for ever passed when chemistry 
consisted merely of the knowledge gained by 
the alchemists as they tried to transmute the 
baser metals into gold — or of little more ; it 
has now invaded the Avhole of human life, and 
thus, as AA'c consider in turn the more important 
organic (impounds, it i.s both necessary and 
desirable that A\^e should indicate the existence 
of great practical departments of chemistry, the 
importance of which increases daily. 

Gallic Acid. We saAv that salicylic acid 
is a hydroxy- bcn/.oio acid. Of these there are 
many, of Avhich tw'O more must be discussed. 
These arc tannic and (jaUic acidvS. Both are tri- 
hydroxy acids, three hyliroxyl groups h(‘irig in- 
cluded in their eom])()sition. T’lie formula of 
gallic acid is (\; 11.^(011). .GOGH. This derives 
its name from the curious cxcrescenc€*s AAhich are 
found on the bark and the leaA^es of the oak and 
are trailed (jails or gall nuts. ''rix'Scs galls are due 
to the irritation caus(‘d by the deposit and 
growth of the eggs AA'Iiieh a humble creature 
deposits in the sub.stance of the bark or the leaf. 
The chief constituents of these curious galls 
are the tAvo closely related acitls Avhieh aac are 
noAv dist ussing. Gallic acid is found in tea cand 
colTee and may be obtained from various other 
vegetable sources. It may be obtained from 
galls by poAvdering them and boiling t.li(‘Tn w'ith 
dilutt* sulj)huric acid. Tn their jialiiral state 
galls contain not mortr than five per cent, of 
gallic acid, and (‘ven as much as 75 per cent, 
of tannic acid. But this }>ro(*css causes the hydro- 
lysis of the tanni(? acid Avith the formation of 
gallic acid, Avhieli crystallises out in Avhite, silky 
needles or thin needle-shapc'd prisms, containing 
one inoleeuh' of AvatcM' of crystallisation. The 
acid is soluble only in about 100 parts of cold 
water, but readily dissoha's in hot water, cdher, 
alcohol and gtycerine. The most important 
chemical fact al)out gallic neid is that it has no 
poAver of coagulating albumin. We shall shortly 
see the im])ortanee of tliis. I f gallic acid bo heated 
it. undergoes decomposition, yielding carbon 
dioxide and the body AA’hieh is knoAvn as p/yro- 
(jalloU pgrogallic acid or fri-hydroxg henzenc and 
has the formula This is a pow'er- 

ful antiseptic. 

Tannic Acid. Much more important than 
gallic acid is its relative tannic acid, oftener 
known, jjcrhaps, as tannin. It may bo de- 
scribed as anhydrous digallic acid. We have 
already seen that it may be hydrolysed to form 
gaHic acid by means of boiling with dilute 
sulphuric acid. A most important fact is that 
tannic acid undergoes a similar hydrolysis 
within the boAvel, even at the temperature of 
the l>ody, and is absorbed into the blood not as 
tannic acid at all, but as gallic acid or, rather, 
as the. (jallate of sodium. Gallic acid and its 
salts h.ave no power of coagulating albumin. 
Hence, the \*alue of tannic acid as an astringent, 
AA'hich dej)cnds upon its power of coagulating 
albumin, is absolutely confined to the skin, 
the mouth and the upper part of the alimentary 
canal. It is absolutely useless to administer this 
drug as a “ remote astringent ” since it undergoes 
the transformation we have seen. 
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Preparation of Tannic Acid. Tannic 
acid may be prepared from gallic acid by 
boiling a watery solution of the latter with 
arsenic acid, but it is very readily obtained 
from galls, which are powdered, are key)t warm 
and moist so as to undergo a kind of fermenta- 
tion, and from wtiich the tannic acid can Ix^ 
extracted by a mixture of water and ether. 
Whereas gallic acid has an acid taste, tlie taste 
of tannic acid is very strongly astringent. IVi 
this astringency there is some bitt(^rn(\ss added, 
and persons who like their tea to h*ave “ a littUi 
body ” or tast(^ in it are really seeking for a high 
proj)oiiion of tannic acid. The astringency of 
this acid ought not really to be di‘scrib(*d as 
affecting the nerves of taste. In r<‘ality it is 
none other than the local action of the acid, 
dejx'iidcnt iipo?i the fact that it pr(*ci])itates 
albumin (including the albumin of the (;<“liH that 
lin(} the mouth) in the form of an insoluble 
taimale. Tanni<! acid is r(‘adily soluble in 
\vat(‘r and in aleohol. It forms with salts 
of iron a bluish black pn'cipitate which is none 
other than ink. For this reason it is a matter of 
importance to the druggist that he shall not 
mix up, ill one prescription, smalts of iron and 
vegetable infusions or tinctun^s containing 
tannin. There is no real ohj(‘ction to the ink 
tliat is formed except that it gives the mixture 
a vi'iy unpleasant appearance. Tannic; acid 
also precipitates alkaloids in general. Hence 
tannic acid or strong tea may form valuable 
antidotes in cases of alkaloidal ])oisoning. 

The Abuses of Tannic Acid. Wc must 
now discuss in turn tin; uses and the abuses of 
t.annic acid. This substance has no ])roperljes 
desirable for the human body in health. On the 
contrary, its chemical pro]K;rtios cause it to 
interfile, in jiroportion to tin; amount of it that 
is taken, with the processes of digestion from 
lirst^ to last. Its <'vil action begins in llu; mouth, 
vvIktc, by prccif)itating albumin, it interferes 
with tin; flow of saliva, and docs not end till 
it rcacJjcs the bowel, tin; activity of the upper 
part of wliich is interfered with. The most 
familiar form of tannie acid is therea ft (m* eon verted 
into gallic a(;id, which, as we have se<*ii, has no 
astring(‘nt properties. "I'he amount of tannic 
acid in a ty|jieal black tea is about IG ])<*r cent., 
and in a typical green tea about 27 cent. On 
the avi;rage, there is very miieli more tannic arid 
in Indian and ( cylou teas than in ( 'hina teas. 
This dilVerenct; is a matter of great imjx>rtane<‘ 
because it siithces to make th<; Ohina tea far 
more desirable as a Ixiverage. 

Tannic Acid in Tea. On this important 
matter we cannot do better than quote from tlu^ 
most authoritative book in English, the well- 
known work of Dr. Hutchison on “ Food ami 
the Principles of I)iet(;tics.” He says: “The 
composition of tlie infusion is of much grc*ater 
practical importance than tliat of the leaves 
from which it is made. . . . Tlie caffeine (or 

theine, the valuable stimulant alkaloid contained 
in tea and coffee) is so soluble that it is prac- 
tically all dissolved out of the leaf immediately 
infusion has b<^gun. With tannic acid this is not 
the cose. Tlu;re is certainly less tannic acid 


after three minutes infusion than after five, 
and less after five than after tc'ii ; but beyond 
that one does not timl much increase, for by that 
time practically the whole of the soluble; matters 
liave been extracted from the; leaf.*’ In general, 
tlie proportion of tannic acid is mueli more 
affected by the length of infusion than that of 
caffeine;. Hutchison quotes a large number of 
expt;riments made by others, and r<*j)eated and 
extendc<l by himself, whicli show that “ the longer 
tea is infused, the higher is the proportion of 
tannic acid dissolved out, while the })roportion 
of caffeine, on the other hand, is hut little 
affected. From this the ])raetical inferenc<; is 
that if one wislx's to avoid luiving imicli tannin 
in tea one should infuse it for as short a time 
as possible. ’ Tn ordei* to em})haslse the great 
su|Hn*iori(y of ('Jiina tea, wi; may (jnote one series 
of experiments in which it was shown that 
while thr<*<; miiiiit<*s’ infusion, on the one hand, 
and 15 rnimitc's’ infusion on tlx; t)ther, yi(‘lded 
res|K'etively 7*7 and 711 ]H'r cent, of the tannic 
acid in a China tea, the figurt's for an Indian tea 
wert; rcsix;(;tively 11*5 and 17 ‘7 l)er ccuit. 

How to Make Good Tea. I)(‘aling further 
with this very im})ortant matter. Dr. Hiitehisoii 
shows —and tht‘ whole of expert o])inion agn^es 
with him absolutely— that tea should really he 
infus(*d, not boiled or stewed, as is so often the 
case ; also, that the anx)unt of leaf commonly 
used is excessive ; furtluT, that infusion sJiould 
he liniit(‘d to, at most, four minutes, not 
only U'causo ])rolong(‘d infusion extracts too 
much tannic acid, but also lux ausi; it “ dissij)ates 
the volatiU; oil, to which mu(‘h of tJje fragrance 
of a good i‘up of tea is due.” It is also pointed 
out tliat the atldition of milk or cream is to he 
I'omimuided on hygienic; grounds— not, as might 
he thought, heeaiise the alhnrninons matter of tJic 
milk is a valuahki food, but because it precipi- 
tat<*s som<; of the tannie a<*id of tlie tea before 
it is swalIowt‘d, and so prevents it from doing 
harm afltu* wards. Tlie rc'ader would cert a inly 
not consider ex(;essive the; brief amount of space 
we havi; devoted to the eh(‘mistiy ol tea if hi; 
realised th<; very grave injury to tlx; digestion 
which strong tea works in tJiousands of cases. 
A large ])art of the injurious effects of tea, com- 
monly attributed to its action on the “ ner\X‘s,” 
is not really due to its stimulant ingredient at 
all, but to till* injury \\iii(;li improperly made tea 
inflicts u]>on the digestion in virtue of the simple 
fact that tiinnie acid jireeijjitates albumin. 

The Uses of Tannic Acid. Ignoring the 
local medical uses of tannie acid, which alldefxaid 
upon the important projierty already emphasised, 
we may refer briefly to fhi; uses of fhis substance 
in the process of tannin/j^ by which animal hide 
is converted into leather. And here it is nece.ssary 
to point out tliat, as a matter of fact, there is a 
veiy large number of different kinds of tannic 
acid. Indeed, it may almost be said that every 
vegetable source of tannie acid yields a product 
somewhat different from every other. Hence, 
comjiound names have been invented. Ordinary 
tannic acid is known as gallo-lannic acid, since 
it is prepared from gall nuts ; the bark of the 
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oak yields a querci-tannic acid, which does not 
yield gallic acid when it is boiled with sulphuric 
acid. Ihe tannic acid in cofifcts again, has been 
sharply distinguished, as also caterJiv -tannic acid 
and kino-tannic acid, derived from the vegetable 
])roduots flailed catechu and kino. These two 
last are very much less soluble in water than 
ordinjiry tannic acid, and lienee are of s]^ecial 
value in medicine. 

In general, it may bo said that the process of 
tanning consists in the formation in ihe hide of a 
dense and insoluble tannate of albumen. Thus, 
the meal known as a meat tea, which ruins so 
many digestions, is almost equivaUnt to tilling 
one’s stomach with leather. 

Naphthalene. In preparing for the study 
of the extremely important bodies known as 
alkal(nd.s, \vc must begin with a substance, thc‘ 
supposed relation of which to Ixaizem* itself is 
very simple ; this is known as riaphthalene, and 
has the empirical formula (.’,(,lf„. Long ago, 
Berthelot showed that we may sujipose this, 
and many other eomplex bodies derived from 
the distillation of coal at high temperatures, to 
bo formed by a synthesis from mueh simpler 
bodies, as the consequence of the action of high 
temperature alone. Thus, the quite simjile sub- 
stance ethylene, which w'e have already studied, 
yields not only benzene, but also naphthalene 
■when it is passed through a jiorcelain lube kept 
at a high temperature. 

Naphthalene is an important constituent of 
■what is left when carbolic acid has been re- 
moved from coal-tar. It eiystaJlisi's in the form 
of large, thin, and Ixiautiful colourless plal<‘s 
which are only veiy slightly soluble in cold alcohol 
but readily in hot alcohol. It melts at about 
80 ' C., and boils at 217'^ C. Small (iuantiti(‘s of 
it arc present in coal gas, and it is also ad* led 
sometimes to ordinaiy coal gas — wliieli is im- 
pregnated with naphthalene vapour just before 
it escapes from the burner — in order to inerea.se 
its luminosity. Naphthalene also plays a part in 
the coal-tar colour industry. 

Constitution of Naphthalene. There 
is every reason to believe that the mole- 
cule of naphthalene consists of two benzene 
rings joined together so that they possess two 
carbon atoms in common — the .said carlion atoms, 
unlike the others in the molecule, not having 
hydrogen atoms attached to them. If the n*ader 
will draw two benzene rings for himself, side by 
side, he will readily discover the slight moditiea- 
tion neeessaiy to convert, them into tlie graphic 
formula of naphthalene. A large number of 
chemical facts go to support this theory of the 
constitution of flic body. Its numerous deriva- 
tives show a very close eorres]K>ndence to those 
of benzene itself. The colour value of many of 
them has already been alluded to. 

Chinolin. Very similar to naphthalene 
in many respects is the substance known as 
chinolin, the importance of which wo shall soon 
see. It occurs in coal-tar. Instead of consisting 
of two benzene ring.s liaving two atoms of carbon 
in common, like naphthalene, chinolin consists of 
a ben*eno ring and a pyridin ring having two 
carbon atoms in common. The empirical formula 
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of pyridin is CflHgN. It is a volatile, offensive- 
smelling base; it is, like benzene, very stable, 
and is found in coal-tar. 

The chinolin thus constituted is a colomless, 
oily substance and, like pyridin, has a character- 
istic smell. Its special interest for us lies in 
the fact that it is very closely copied in consti- 
tution by the great grfiup of organic compounds 
which are found in a vast number of plants, and 
also in the animal body under various conditions, 
and are known as alkaloids, A very large 
amount of work has been done on the pure 
chemistry of this great group of bodies in recent 
years, and lately a consid(‘rable number of them 
have been constructed by synthetic chemistry. 
Lefore w^e consider their chanicters in general, 
and those of the more important members of 
tin* group in paiticular, let us look as closely as 
jiossible at their relations to the compoumjs 
which we have lately been discussing. The 
importance of this question is two- fold, lliere 
is nb need for us to emphasise its irnportanoo in 
pure cliemistry ; but it is important because 
the alkaloids in general oxenuso extremely 
marked and definite and shaiply contrasted 
actions upon various kinds of living tissue. 
Now, it is coining to be found — as we are now 
well prejiared to believe — that tlicre is the most 
precise relation bet-ween the constitution of an 
alkaloid and its l)ohaviour in the body. Jn 
other w'onls, it is pre-(‘mincntly the alkaloids 
which promise to enable us to unravel many of 
ihe mysteritis of the chemistry of life itself, and 
even of tlu^ chemistry of consciousness. Already 
they supply us with hundreds of facts whicn 
prove the relation between chemical constitution 
and pharmacological action — that is to say, 
action upon the life and function of various 
kinds of living matter. 

The Evolution of the Alkaloids. 
I.^t us, tlion, brieliy retrace the imaginary evolu- 
tion of an alkaloid from the benzene ring. If it 
occurred to the reader to attempt to construct 
for himself the graphic formula of pyridin — 
which w^e have purposely omitted to discuss until 
now% so that he might have a chance of teaching 
it to himself— he would be able to guess that it 
is none other than the formula of benzene, with 
an atom of nitrogen substituted for one of the 
(’H groups. This, then, being noted, there will 
be no difficulty whatever in writing the formula 
of cljinolin. the constitution of which wo have 
already described. Now, it can be showm that 
if we double the formula of tdiinolin, and make 
a few changc.s in the formula thus produced — 
changes no graver than the substitution of 
hydroxyl for hydrogen and so on — wo obtain 
the formula of one of the most remarkable and 
important of all the alkaloids — namely, morphia 
or morphine. This has ihe complicated empirical 
formula Ci-Hi.jNO.i, and the graphic formula 
naturally looks very complicated indeed, yet its 
architecture can be traced up without any diffi- 
culty from benzene through pyridin and chinolin. 

Nor is this a mere lucky chance. On the 
contrary, we find that the simplest manipulations 
of the molecule of morphine, thus obtained, ■will 
provide us with many other alkaloids. The 
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abstraction from it of one molecule of water, for 
instance, gives us the very characteristic allcaloid 
known as apomnrphine^ which has a unique action 
upon one particular spot of nervous tissue, and 
that alone — namely, the spot in the lower part 
of the brain, the activity of which reverses the 
normal inovcinents of the stomacli and caus(!S 
vomiting. This dehydration of morphia can 
easily be effected in practice, apoinorphinc^ being 
prepared for medical ])urposes by heating 
morphine in sealed tubes in the presenet' of 
hydrochloric acid. Then again, if we replace 
a hydrogen atom in the molecule of nlorphin l»y 
the methyl radical, (Tf.;, we obtain the alkaloid 
fhebame which, like n_3rphia, is contained in 
cpiiiin, and has an action on the body directly 
and specifically antagonistic to that of morphine 
itself. Thus the one inoleeuk^ will depie.ss 
almost to the point of death the motor mawe 
cells in the sjiinal cord, while the other mokaaile, 
identical in every respect of its archit(‘cturc, 
except, so to sjK‘ak, for the substitution of 
hydrogen by methyl at one odd corner, will 
violently stimulate those very same cells so as 
to cause extreme convulsions. Obviously, these 
facts have a meaning and an interpretation which 
must some day he discovered. 

The Properties of the Alkaloids. 
We have already s(‘en that a large number of the 
alkaloid.s, including some of the most important 
of the group, aiv to be regarded as modifications 
of ohinolin, and we have observed how a n\iiiute 
change in the moleeiilo may cause complete 
reversal of tlu* eliemical processes displayed by 
the alkaloid when it is imbibed by <‘ertain livii^g 
cells. Now, before we consider tlui properties 
of the alkaloids in general, we must, note a fact 
whiel^ will h(‘lp us to understand those general 
properties — the fact that the alkaloids may lu^ 
regarded as eonipouiul ammonias, that is to say, 
ammonias in wliieh hydrogen atoms liave been 
replaeed by various radicals, usually extremely 
eomplicate'd. This view of the alkaloids is justi- 
tied by purely chemical considerations, but it is 
also strongly supported by those more' remotely 
chemical considerations which are involved in the 
action of the alkaloids upon tlie body. 

We may delirie the alkaloids, then, as highly 
complex derivatives of ammonia or of benz<‘ne, 
formed in nature by the action of living matter 
alone. As the name implies, they strongly 
resemble alkalies and. most notably, the alkali 
called ammtmia. Thus their .solutions are 
definitely alkaline in nviction, and with acids 
they form definite salts. All alkalic's contain 
♦•arbon, hydrogen, and nitrogen. '^Plie great 
majority of th(‘m contain oxygen. .\ few 
containing no oxygen are liquid, but the 
remainder are solids, usually, crystalline. 1’he 
best instance of a li(|iud alkaloid containing no 
oxygen is nicotine, which we must afterwards 
discuss. The alkaloids are found to be electro- 
positive on electrolysis. They are only very 
slightly soluble in water, but readily soluble in 
ether, alcohol, and chloroform. Tlio solutions 
are very bitter to the taste. In general, we may 
say that ether dissolves alkaloids, water dis- 
solves their salts, and alcohol dissolves both the 


alkaloids and their salts. If an alkali be 
added to the solution of an alkaloidal salt in 
water, the alkaloid is precipitated. x\lkaloida! 
.salts are formed on the plan of the salts of 
ammonia, as, for instance, in the formation of 
ammonium cljlorid<\ which is Nil. .1101. Water 
is not produced. All alkakuds yield precipitates 
with tannic acid, with tetracliloride of platinum, 
and with ptTchloridc of iiHUVury. In this respect 
the alkaloids are distiuguislusl from the large 
group of substaiucs found in the vegetable 
world, and known, in our piesent .state of 
ignoraiU'c, as neidral principlf.^i. 

Names in Chemistry, (^f rts'ent years 
(•hemists have made a sm ious attem})t to obtain 
uniformity in the spelling of the names of the 
alkaloids. The authoriseil spelling nowadays ks 
to terminate tlu‘ name of every alkaloid in -/m/ 
as tlu‘ scieiitilie form of the name common to all 
eountrit‘s. 'J’his we render in English as 
Closely similar bodies wliieh aie not alkaloids 
but neutral principles or glneosides are always 
to be .spelt without the “ e.” 'riins the termina- 
tion wt‘ bav(‘ indicat(‘d is leeom mended to lie a 
conclusive mark of the alkaloidal nature of the 
substance to which it is applied, lienee the 
proper way to spell phimae(*tiii is w'ithout a 
jinal “e” : and the saim* applies to the neutral 
principles such as aloiu and to the glueo.sides 
such as salieiii. 

Structure and Function. Before w^o 
pass on w'(* must insist once again upon th<< 
great importance of tlie alkaloids, dejH*ndeiit 
upon tlie intimate n^lations between their 
structure and tluar function. Studi'Uts of bio- 
logy and natural liistoiy are familiar with these 
two terms, and with the correlation U'twwn 
structure, on the one hand, and function on tlie 
other —anatomy on the on<‘ hand, and ])hysiology 
on the other. Now*, not only do tli<‘ alkaloids 
e.xliibit the same coiTclation, but tiuy ]»roniise 
to provide us with a kty to the far greater 
(piestions of vital c hemistry. .\lr(*ady we liave 
noticed the* effect of substituting a methyl 
for a hydrogc ‘11 atom in morpliine. Let us now' 
add tlic‘ gencTal observation that a larger number 
of alkaloids wliieh may act in various ways in 
their original state agree* in having a spcxdiic 
])aralysing action upon the c‘xtr(*mities of 
motor nervc's just at the vmy point where these 
motor nerves are distributed to the ultimate* 
inu.seular librc's — proruhd that a methyl lias bcH'ii 
sub.stitulc‘d for a hydrogen atom in the con- 
stitution t)i the alkaloidal molecule. Instan(r(*H 
of this are furnislu*d by stryeluiine, on tlm one 
hand, and methyl .strychnine on the other. 
Similar facts are na ordc'd of brucine* and motliyl- 
brueine and o^ thebaine and metbyl-lhebaiiic. 
Here*, also, sine*e our desire is to correlate different 
jiarts of kno\vle*dge*, we may brie*ny note how the 
fact.s of eheinistiy and the facts of pliarmaoology 
agree with the facts of botany. It is found that 
plants of a given natural order yield alkaloids 
which are, in some cases, identical. In other 
cases the alkaloids are very similar in chemical 
constitution and, therefore, very similar in 
pharmacological action, or they may he markedly 
contrasted in pharmacological action be^cause of 
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chemical cJilTerenccK wlhtjh, though slight, are 
crucial. Of such (iiffercrices we have already 
seen illustrations, tlpposing though allied alka- 
loids are often found in one and the same ])lant. 

Animal Alkaloids. JV'fore we consider 
the cliaraet<jrs of the most im])ortant individual 
memhers of the alkaloid series, we must note the 
existence of a lai ge number of alkaloids which are 
of quite dilferciit origin, and which may be 
described as animal alkaloids. They are the 
products t>f decomposition produeetl in dead 
animal nuitter by tin* action of microbes, and 
their ])oisonous character has caused great atten- 
tion to be ])aid to them. The most important 
of these animal alkaloids used to la* called, ancl 
arc still ealk'd, pUnuninf 'rims we fretpiently 
hear of “ j)tomaine poisoning, " but this word 
has b(‘en variously used at various times, and 
it is really best abandoned altng(‘ther, as .also 
is tJie eomf)anion term huattnaine, A\liieh used 
to be applied to alkaloids hained during life 
within animal tissues, it is far bet1<*r to uso 
merely the term unimal alkahrids^ which fur- 
nishes us with a convenient term in ecaitrast to 
the vegetable alkaloids. 

Food Poisoning. The animal alkaloids 
produced in food material in tJie course of de- 
eom])osition efleeted hy mierolu's ar<‘ the active 
agents in eases of food ])oisonin^ — ]>roperly 
so-called. Not so long ago it avus generally 
Hii|Aposed that eases of illness following the 
eating of ])ork pie ami .so on Aver(' all due to 
Avhat Avas called })tomaine poisoning, and it is 
still recognised that these animal alkaloids arc 
capable of causing Aa‘ry serious symj)toms. 
These alkaloids are most commonly discovered 
in tinned food, in eases in Avhieh the tins are 
“ blown " — the ends being made to bulge by 
the formation of gas within the tin. Various 
iinimal alkaloids have been identifi(*d and 
have b(?<*n ])n»Aa*d to lx? capable of causing \’ery 
severe symptoms, but it is (juite time for the 
})ublie to recognise tliat tlie term ptomaine 
poisoning is misa|>plied in nine eases out of t<*n. 
As a matter of fact, it is actually doubtful 
whether a sufficiency of ptomaines occurs in any 
food-prodnet, hoAvever bad, to cause really 
<l(‘adly symptoms. In short, avc may almost 
venture to say that ptomaine poisiAiiing is a 
myth. Tn general, these animal alkaloids 
iirc very mucli less poisonous than the most 
familiar vegetable alkaloids, and some of them 
are practically inert. 

Microbes in Food. The truth is that the 
presence of these animal alkaloids in food is 
important, not in it.self, but as an index to 
something else — the presence of active and 
possibly dangerous microbes in the food. In 
idl probability it Avill soon be generally belieAa^d 


by experts that all cases of ptomaine poisoning 
arc, in reality, not cases of intoxication by a 
chemical poison already present in the food, 
but cases of infection by living microbes prt^sent 
in the food. It is true that microbes cause their 
serious etfects by the production of poisons 
Avithin the body, but only very rarely are these 
))oiKons alk/doids at all, and even if they were, 
the true facts of the matter — facts wliich must 
markedly intiuenee our action in regard to it — 
are Avidtdy dilhTcnt from those which Avere 
suj>posed Avlien ])tomaine poisoning, so-called, 
Avns tii-st deseribf'd. The latest authorities on 
this subject say, “ lii practically all cases, when 
a substance is btu'ng examined for ptomaines, it is 
found that the litpiid containing them is far more 
poisonous than the alkaloids isolated therefrom.” 

fn short, so-called ptomaine poisoning is 
really tdtlicr poisoning by the non-alkaloidal 
poisons or toxins already pro<.luced by nii(Tob(?.s 
ill the food in rpiestion, or (dse is none other 
from the first than an infection hy living 
micro 1 k‘S. 

The Education of Public Opinion. 

Jt is high time that public opinion on this 
suhjeid should be educated u}) to the level of 
f>res(‘nt expiM’t opinion and not to tlies lev'el of 
(‘Xpert opinion of twenty-five* years ago. Tt is 
(‘S|ie(*ially to lie hoped that no nvider of the 
course on Chemistry in tlic Self-Kduc’atou Avill 
forget that tin* animal alkaloids, very interesting 
and imiiortant though tlu^y he, are not really 
responsible for so-eallc'd ptoinairu* poisoning. We 
may here cpiote from Ihs. 'Phn^sh and Ported 
an account of Avhal typically hapjxma in eases 
of so-ealled ptomaine poisoning ; 

“ A COW' . or pig is attacked with diarrlKca, 
possibly due to the Itacillns enteritidisy or an 
allied species, and some of tlu; bacilli enter th<i 
g<‘neral blood stream, 'fhe animal is slanght(‘r(‘d 
and the flesh poss(‘ss(‘s the normal appearance. 
Probably at this stage no ba(*illi can be deteeti‘d 
in the muscles, l)ut a ra])id mult ifiiieation takes 
place after death, Avli(‘n the eireulalion has 
ceased. The meat is eooktxl or made into pies, 
or ])iekl(Hl ; the process is insufficient to destroy 
the bacilli in the interior, and an epidemic 
(•(‘.suits, or it may be that w hi le tluA bacilli ha v(3 
l)(‘(*ii kill(‘d the toxins produced liaA^e escaped 
d(astriielion, and th(\se may be present in .suffi- 
cient (piantities to jaodiK'c poisonous efh'cts.” 

In short, the Jesuit of modern inquiry by 
eliemistiy, on the one hand, and bacteriology 
on the otli(‘r, is to transfer the subject of jitomaijic 
poi.soning from tin* domain of the older science 
to that of the new<‘r. Thus, the sooner the t<)rm 
jytojuaine and the term ptomaine peji sorting are 
abandoned, the better. The first is useless, 
and the sec(md is entirely misleading. 


' Continued 
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CANE SUGAR MANUFACTURE 

Separation of the Juice. Clarification. Concentration. Evaporation. 
Crystallisation. Sugar. Demerara Sugar. Curing. A Factory Described 
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VY/K will now out lino tho prooev.s of inanii- 
^ facturinj^ nugar from sugar oaiu*. I’ho sugar 
fane is passed through a sugar mill, and the jui<*o 
that is expressed is submit ted to ])roeosses oi 
purification. The juice is concentrated until 
the sugar is obtained in a crystalline form. The 
sugar is then pre])aredfor tht‘ mai ket, or “cured/ 
and the molasses treated so as to n'cover from 
it any remaining sugar. 'Phesc processes are 
conveniently considered in the following divi- 
sions : 

1. Separation of tlie juice. 

2. (Marilication of the juic<*. 

Concentrating and crystallising. 

4. (hiring tho sugar. 

Separation of the Juice, The canes 
are cut as di'scribcd in iho pn^vious lesson, and 
within JUS short a time as possibk' ])assed through 
a mill which srpiee'-dcs out the juice. Tlie oldest 
form of cane mill was 
provided witli wooden 
or stone rollers, but, 
except in some parts 
of India, these have 
lu‘cu replaced by iron 
mills. The three-nil ler 
mill is the most used. 

In this, one roller, tlie 
“head” roller, is 
placed above the other 
two, and moves in tho 
opposite direction to 
tlu'm. The mill is so 
arranged tliat the cam^ 
can easily enter, tlie 
pressiire heing in- 
creased by the adjust- 2. sroAR < 

ment of th<^ rollers. lu (A, A: w. Smith iV. e 

Stewart’s eanc mill ad- 
ditional powta* is obtained by means of a massive 
crushing hcadforcc<l down by hydraulic prt^ssun*. 
McrriltH^H, Watson & Co., dispense Avilh the ust> 
of hydraulic appliances and make a mill with 
yielding tmds, by means of t(Kj(jfe levers acted 
on by springs. 

Tbo mill automatically r(‘li<‘vcs the pres.stii*i* 
on one or more rollei*s and prevtmts jamming 
in case of irregular feeding. Simpler forms 
of mill have but two rollers [2|, and others 
are used having rollers up to eight in number. 
Tho mills are often fed meelianieally. As tht^ 
crushing mill does not press out the whole 
of tho juice, double juid tripk^ crushing are 
employed, and somotinu^s tin* crushed eam^ 
is soaked with hot water in its passage from 
one mill to the oilier. It is not iiossible to 
extract the whole of the sugar, buu the loss 
is reduced to about one per cent. Rivtmt 
patents embody the use of a diffusion process - 
a soaking in liot water in closed vessels — between 


the two erusliings. hai{a.<tso (crushed eaue) 

fn»m tlie tirst, mill is passed into dilYusi'rs eoii- 
taining heated wfiter, Jind after a time the 
hagjisse is drained from the sfieeh<i,rine liipiid, 
and pressed in the second mill. 4’ho weak 
liquid from tlie dilTustas is re-heati'd and 
used in the dilfusias for fri'.di bagasse. Tho 
diffusion process is univiu'sally used in making 
sugar from beiM, Jiiid Avill he fully di'serihed 
in ii later lesson. In manipiilat ing sugar 
cane, cliifusimi is lield to he ji failure, as tho 
results obtiiimal by double and triple erusli- 
ing are quite Jis favouiJibk* and much less 
€"xpeusive. 

Preparing the Cane. Various methods 
have heim suggested for preparing lli»‘ sugar 
eaue. for tlie mill, sueli as shredding and cut- 
ting lip the cam*. The Ross appjiratns eiits 
the cane into four-inch lengths, then slices 
the ])ieees, and pass(‘S 
t)u‘m on to file mill. 
The Fletciier machine, 
for a similar })nrpose, 
was patented in 1804, 
jind ciin be n‘gulated to 
secure a product of tbo 
di*sir(‘ddegre<' of iineness. 
Sevi*ral patents tjiken 
out by Kidd in ISO.I 
wiav devised on tlie })Ian 
of submitting the com- 
minalod eaue to the ac- 
tion of sti'arn befon* 
passing it on to the mills, 
the idcji being to facili- 
tate! the extraction of 
ANK MU L juice, 'riie objection to 

•<)., ia<r, <;Ls-ow) tb(‘ use of luait in eaiii^ 

juice extraction is that 
gummy matter, nliieli causes much trouble 
afterwards, is removed. The limit of i^eono- 
mieal (‘xtraction of ivsidual sugar from h.igasse 
is soon reaeheil when large quant ities of Avater 
have to he evaporjvtial. 

The cane jniee is next strained through a 
wire-gau/.e seri*en to remove pieces of eaue 
and other mechanical impurities. 

Clarification. 'Plie strained juice is then 
submittecl to the rlariffratitni, or r/e//vY'/c>?j., ]>ro- 
eesK. The juice is run into a large topper 
vessel heated by steam and niised to a tempera- 
ture of Fit)' F. Milk of lime, in the averagi* pro- 
jiortioii of 1 oz. of quiekliim^ to a gallon of juice, 
is then adde-d, and the heat continued until 
a temperature of 180 F, is rojiehed. At this 
Icmperjiture a thick scum rises, and wlum 
the scum shows signs of “ cracking ” the steam 
is turned off. The juice is allowed to rest, 
and the intermediate layer of clear juiei? drawn 
off into an evaporating apparatus. The scum 
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and Hcdiment are transferred to a separate tank. 
The lime is used to neutralise the natural acids 
of the juice, which, if allowed to remain for any 
length of time, would cause inversion of the 
sugar. 

Tne heat removes the albuminous matters hy 
causing coagulation, and the lime assists mechani- 
(•ally and eheriTically in removing the coagulated 
albumin as scum or st'diment. Tlie process of 
adding lime is called tetnprrinj, and as the 
(juantity to be added varies, the liine is added 
until a faint alkaline^ reaction is indicated by 
means of litmus paper. 

Continuous Defecation. Of late years 
continuous methods of defecation have b(‘cn 
devis(^d. Harvey's apparatus is 
a tiough-like vessel lieated by 
steam. Adjustable battle plates 
or transverse divisions arc 
fitted at spaced distniiees within 
the defecating vessel, forming 
practically separate chambers, 
while a settling chamber is fitted 
at tin* end of the (h'feeator. 

(-luMinels are arranged to draw 
away the scum and clear juice, fly adjusting 
the temperature a (‘ontinuous movement is 
giv(‘n to the Ihpiid, which readily parts with 
suspenth’d matter in the settling chain her. 
In Deeming's supiaheat elaritication method, 
the juice is lieated in siiccessiv(i stages to a 
high ((unperalurc, and is thence fiasst'd to a 
special form of settling tank. 'I'his tank is 
a large cylinder with a conical bottom, and 
inside tliis is a conical vessel that reaches down 
to the conical part of the cylinder. The hot 
juice is conducted into th(‘ outer tank, and 
causes cuiTcnts of juice 
which induce th(5 sedi- 
ment to fall into tht‘ 
conical bottom of the 
cylinder, tlu^ clear 
li(|uid being drawn olT 
at the top. 

The scums wh ich have 
been yielded by the 
defecation process have 
steam blown into them 
to still further coagu- 
late the albuminous 
matter and are then 
filtered, liim^ being 
sometimes adilcd to 
assist the proei^ss. 

Carbonatation. An alti-rnativc* jirocess of 
clarifying cane juici* is known as mrbomilatiim. 
Tile method is always used in beet sugar manu- 
facture, and is deseribed at a later stage. Tlie 
advantage claiiiud for the process in the ea .e 
of cane sugar is tliat the resulting produce is purer 
and fetch(‘s a higher price than sugar submitted 
to the usual defecation process. 

Concentrating. Tiie next step in the 
manufauture of sugar is to remove the water 
from the clarified juice so that the sugar may be 
obtained in a solid state. Usually, this is done 
by evaporating the licpiid until it reaches the 
syinjp stage, w’hen it is transfeiTed to a vacuum 
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pan, and concentrated until only 5 or 6 per 
cent, of water is left in the mass. The oldest 
method of evaporating the water from the 
sugar is efteeted by using a series of pans 
krunvm a.s the copper imll [ 4 ], A description of 
it is useful as leading to a consideration of the 
improvements 'Nvhich have been made on tlie 
primitive apparatus. The copper wall consists 
of a sei'ies of open pans called fearhe.^ or tdches, 
the set of four biung placed ovxt a flue. The 
fire is at one end and is directly beneath one of 
the teaches, the heat passing along the tine 
to the chimney at the other end. Tlie elarifit^d 
juice is iirsi placed in the pan nearest the 
chimney, and when it has bfiim concentrated 
a little it is clarilied out into the 
next one, and so on, until it 
reaches the pan over the fire, 
where the evaporation is con- 
t imied until t he crystallising point 
is reac^hed, when the mass is ladled 
out into cooling vessels. In this 
method a good deal of fuel is 
wasted, aiid there is danger of 
overheating tlu^ sugar, which not 
only spoils the colour of the product, but results 
in inverting some of the sugar — that is, prev enting 
crystal lisation of the full quantity of sugar. 

Introduction of Steam Pipes. 3'ho 
next step was to replace the opeui lire by steam - 
pipes in the pans. This leal, owing to the choking 
of tlie pj[>es, to what are calh'd jilm emporatora. 
'Fhe earlier patterns consisted of a cylinder 
lieated by steam, revolving in a trough of sugar 
juice. This gave place to the Wetzel (‘V '.[)(>r;>.t(>r 1 3], 
in wliich tlie <‘ylinder was replaced by a number 
of <*o[>per pipes. Thi‘ steam passc's through the 
pipes from one (uid to 
the other, th(^ apiiaratiii; 
revolving in a trough 
of juice. A niodilica- 
tion of the Wetz**! plan 
is that in whicli (//,sr.s* 
are employed instead 
of stoam-])i[>es. 

The Concretor. 
Fryer’s eonerctor is a 
m o r e c o n o in i c a I 

nu^thod of ap])lying 
heat to the evaporat ion 
of water. Tin? object 
ill the concretor is to 
jiass a shallow stn^am 
of juice over a scries of 
trays heated by an ojien lire or steam. The 
trays are divided by ribs running from one 
sude nearly to tlie other, so that the, liquid 
r(‘quires to take a narrow winding course during 
its passage from one luid of the apparatus to the 
other. One of the eonoretors consists of a series 
of ten trays, measuring about 48 ft., and with 
the ser]XMitiiie course which the juice must ne.eus 
take, five or six times this length is traveii^ed, 
and this in about five minutes. On leaving the 
last tray the juice is run into a trough with a 
revolving cylinder heated in its interior by hot 
air. The heating in this part of the apparatus 
is continued until the mass becomes flaky 
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inRt<?ad of liquid, when it is discharged into 
casks, where it solidifies, and is ready for the 
refiner. The whole process takes about half an 
hour, and the averagt^ yield of concrete is about 
2 lb. to the gallon of juice. 

Evaporation Under Reduced Pres^ 
!»ure. Howard, in 1813, patented a method 
of evaporating sugar by what are known as 
rarnum pans, which it will be convenient to 
refer to here. He found that by reducing the 
atmospheric pressure by pumping out the air 
from a covered pan solutions of sugar boil at a 
much lower temperature!, and thus no risks vvt*rc 
run of injuring the sugar by overheat ing. Furt hiT, 
the process ^vas more rapid, as, owirig to tlie 
lowering of the boiling point of the li(|uid, the 
difierenee in temperature between tlu^ beating 
steam and the boiling liquid is greater, and 
}j(*nee greater transmission of heat is ol>tained 
for a given heating surfaee. The heating of 
Howard’s vacuum pan wascft’eelcd by means of a 


before a meeting of the Society of Chemical 
Industry : “ Suppose,” ho said, “ w^e have at 
our disposal heating steam of what is termed 
in practice half an atmosphere (or one and a half 
atmosphcTcs expressed in ahsoluto pressure), 
such as the exhaust steam fiom an engine. Tiio 
teinptTature of such steam would he about 
112’ C. Suppose, further, that we have- tun- 
ployed tlie best ]>ractioal mcuins for ])rcKlueiug 
vacuum at the outlet of the third vess(*l, so that 
the tem])erature would he about F. W'e 
have, therefore, a tempcTaturo din’erenee of 
11*2’— 4(V (ilFC. availahlt^ for I'vaporatiug 
purposes. This dilTerenee ^\ou!d have to he 
dislrihuted over the three v'aeuum vess<‘ls or 
elTets. If we make the heating surface of each 
vessel th(* same, it follows that tlie amount of 
water evaporated will be the same in eaoh vess<*l. 
CVmsetpuuif ly, the difYerenee of teinperaturt's in 
the thret^ vessels must bo the same — 0(>/3 
22^ C. We hav’e now the following state of 
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steam jacket, but this Avas afterwards replaced 
by steam ^*oils wu'thin the j)an. The steam jacket 
is not an economical method of transniitt ing heat, 
as the air introdiHicd with the steam forms a non- 
conducting medium in the upper part of the jacket . 
The remedy in this case Avas to bloAvofi the steam 
every noAv and then by means of a tap. Koth 
introduced the use of steam-pipes, and Degrand 
endeavoured to utilise the vapours of the pan 
for heating a further quantity of liquid. 

Multiple Evaporation, This plan of 
Degrand’s w^as further developed by Rillieux, Avho 
designed a series of thretr vacuum pans, which V 
called triple effet [5]. Tlu^ ax»ssc1s are connected 
by means of valves so that the juice can be 
drawn successively from one to the other, f)ut 
the most important principle is that invoUed in 
using the latent heat of steam three times over. 
Dr. J. LcAvkowitch recently gave the following 
explanation of the principle of the multiple elTcl 


a flairs : tiu‘ steam entiaing the first etTet has a 
teinperatuie of 112’C. We require 22 for 
raising tin* liquor in tlii‘ first vessel to tlu' l)oiling 
point ; tht‘ li(juor Avould tin'll hav(; a teniperat urt' 
of 112 - 22‘^(\ DO ’C., and tlie vapours 

escaping from the outlet tin' same tenqierature 
of HOC. To tliis teniperature of the vapour 
eorrcsjiontls the absolute yiri'ssun' (if iVJo nim., 
or ill technical parlanci', a vacuum of 235 mm. 
— say in. A gauge (mamnuHer) tixed to the 
outlet of the lii’st vessel Avouid tlu'refort; regii-ti^r 
this vacuum. The stc'am (‘liters the healing 
system of the second i‘(Tet Avith a t(;mp('rature of 
fiO ’ C. The lifjuid in tin* second vessel retjuires 
22' for raising it to the boiling jioint. amt has 
therefore the temperature of 08*^ C. If no loss 
of heat take place the temperature must he 
slightly liigher, as the tloAv of lirpiid goes in the 
direction from the fti-st effet to the second effet, 
and the liquid coming from the first vessel has 
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the temperature of 00® C. ; but this point may 
be neglected liere. The vapour escaping from 
Lhift second vessel will have the temperature 
of C8“ C., which corresponds to an absolute 
pressure of 213 min. (8*5 in.) or a vacuum of 547 
nun. — say, 21*5 in. This vapour of enters 

the heating chest of the third vcbsc:! and brings 
the liquid therein to tlie temperaturcj of 40° C. ’ 

The Yaryan Evaporator. Killieux, the 
inventor of the system of multitile evaporation, 
employed horizontal (ylinders furnished with 
a number of horizontal tubes. A disadvantage 
is that the steam jiasses 
through all the heating 
tubes 'with a uniform 
velocity, very low in t he 
case of the second and 
third effets, thus making 
a rapid (exchange of heat 
impossible. This led to 
the use of vertical vessels 
with shorter horizontal 
heating tubes su<‘h as 
are now employed. The 
next innovation was 
Yaryan's, in wliieli tlie 
liquid is jiassed through 
narrow tubes whihi the 
steam circulates around 
t hem . y ary an adop t s 

in his apparatus [6] the two principles of 
evaporation in mcuo and multiple etYct. The 
evaporator consists of a seri(?s of straight tuhes 
passing from (*nd to end of a shell or drum 
and couj)led together by an ing(‘nious arrange- 
ment of pockets to form coils, the main adviin- 
iage gained being theea.se with which the straight 
tubes can be examined and eleant‘d. 

As a nile the coils consist of an odd number 
of tubes, the inlet being at one end of the 
evaporator and the outlet at’ the other. At 
the outlet end of the evaporator is a separating 
chamber in whieh- tlie li(piid dis- 
eliargcd from the tubes is completely 
separated from tbc! vapour. Below 
tlie separating ehambiu* is a colleeting 
chamber into W'hich the liquid flows, 
whence it is drawn by superior 
vaeiiuin into the vaporising coils of 
tlie second clTet, in Avhich it under- 
goes a second process of evaporation 
by means of the vapour that comes 
t.h’ough tlie vapour ])ipe at the top 
of the scjiarat ing chamber of the first 
effet into t he shell of the second efTet. 

As not(*d above, (‘vaporation takes 
phu*e within the interior of the vaporising coils, 
ilie lieating agent being outside the tubes, and as 
the rate of tin? feed of liquid to be evaporated is 
arrang(‘d so tliat it cannot fill these coils, there is 
iK^ver any deiith of licpiid to he displaced by the 
vapour in its endetavour to escape from the 
beating surface. In addition to this the rapid 
(ureiilation induced by the formation of the 
vapour in thc^ interior of the tubes jmimoto a 
movement whicli brings into play the whole of 
the heating surfai^e in a manner not attained 
in the multiple effet. 
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Lille’s Evaporating Apparatus. This 
apparatus, introduced in 1893, has for its object 
the separation of suspended liquid particles 
from the vapours evolved during the evaporation 
of liquids. By moans of perforated plates 
the juice is distributed over a series of hori- 
zontal pipes arranged in a closcid ehaniber. 
Steam is circulated through the pipes. The 
vajiour from the juice passes through and around 
baflle plates into a prolongation of the evaporat- 
ing ehaniber called the subsiding chamber. 
The baffle plates cause the suspended particles 
to separate and fall to 
the bottom of the sub- 
siding chamber, whence 
tliey are draw'ii off by 
int'ans of a pipe below. 
The vapour passes off 
by an outlet pipe in a dry 
statf\ tlio pipe biMiig in 
the upper part of the 
subsiding chamber. 

Harvey’s Evape 
orators. Pabuited in 
18f)9, these eva»iorator.-i 
are eonstrn(;t(‘d of a 
Heri(‘s of steam-pipes with 
vcM’iiea} jnitro-eirculatirig 
tnb<*s and vapour gen- 
eral ing vessels which are 
superposed in vertical columns so as to act as 
triple or multiple efTtd.. Rapid circulation of the 
juice is attained and a (piiek rale of evaporation. 

There are imnn'rous oth(‘r varief i(is of evapora- 
tors, but each will bo found to fall within on<i 
of the general kind.s enunnu'ated above. 

Crystallising. In the copixu* wall, Wetzel 
apparatus, and Fryer’s conen^tor, the jui (!0 
is (toiivcutcd inb) solid sugar, whil(» in the 
multifile (4let and Yaryan evaporator the juice 
is only reduced to a syrupy eonsiskiue —until 
it has lost 70 fiiu’ cent, of its bulk. When the 
jnic(i lias reached this stage it is 
transferred to a mentnn juin and 
boiled until grains of sugar are 
foniK'd. Tlie vacuum pan [8] is 
fitted with t^vo or three coils [7] of 
st.i‘am-pi}>e suthciontly separated to 
allow of free circulation of tlie coii- 
ticnts of the fian. The pan is fitted 
■with pumps for making a vacuum 
and a contrivance (jailed a proof 
stli'k for obtaining samples of liquid 
from tlie interior without breaking 
th(^ vacuum. The working (»f tlie 
vacuum fian is as follo-wTi : The air 
pump is started, and as sc^on as the vacruum 
roaches 26 in. or 27 in. th(3 feed cock on the side 
of the pan is opened and sufYieient licfuor drawn 
in to covi;r the bottom coil. Steam is then 
toned into tho coil and the liquor rapidly 
evaporates. Further supplies of liquid are 
admitted at short intervals, the feed cock being 
opened for about 15 seconds at a time until 
the contents of the pan show signs of “ graining,” 
when samples are taken with the proof stick. 
The grain is fed” carefully, the cock being opened 
frequently and each time the quantity admitti d 
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mcroast'd. As the amount of byi’up in the pan 
mcreasos Hteam is turned on in the otluir coils 
until at the completion of the charge the pan is 
nearly full or up to the “ buirs eye,” or sight 
]}ole, in the side of tlio pan. In this AVeay the 
grain “ grows ” in size. The whole skill (>f tlu^ 
pan-boiler consists in inducing the grains to grow 
to their utmost, and this can only be done very 
slowly and by manipulating the temp<‘rature, 

StriKing the Pan. The mass in the 
pan at the finish of tlie bt^iling is termed >/»e..ssc- 
cnitf% and the operation of discharging <»r 
emptying the pan is loiown as strikhtj. The 
striking point- is judged by the tirmness of a 
.sample taken from the pan and suddi'iily 
eooled in \vaU*v. When t lu' grain is very small 
the -pan is sometimes fuily half emptied amt 
fresh .syrut) .admitted, tlie half-euiptvifig process 
Ir ing known as dnu})Uwj, and the discharged 
masseeuite as first rut. The process with 
pure juices can be 
repeated several times, 
but a ])ihnt is reached at 
la.st when the crystals do 
not incivas(‘ in si/<\ mu I 
the wlu)le charge is 
struck. 

To sav(‘ time in boiling 
it is now L<'iioral to adtl 
sugar grains to the pan 
insteati of forming grain 
from the syrup, this 
being known as sredhi'j. 

In n }>an containing 
about .‘It) tons of masse- 
ciiite one ton of sugar is 
reqtiired, the .sugar used 
Ixung that rt‘covered 
from the molasses. 

Demerara Sugar. 

The yellow crystals 
known under tins name 
ai’c ]>rodueed by adding 
to the masseeuite siil- 
})]iurie a<‘id so as to 
slightly char the sugar 
grains, and give th<* 
bright yellow colour .s<^ 
much admired. About tlireo gallons of sulphunc 
acid diluted with one and a h.df gallons of water 
is used for five tons of sugar. It was formerly the 
practice to employ a small (luantity of chloride of 
tin, but this has been discontinued in vknv of the 
fact that the cumulativ.* elTects of tlie nudallic 
impurity might be injurious, altliougli no eases of 
bad elh^'ts have lu'cn reported. Artilieially dveci 
sugar in wliieh auilhu' colour is em})lov<'<l has been 
sold as l)enuTara sugar, but legal pro(a*ediiigs 
have now stoppi'd this. 

Curing the Sugar. The m,as.secuite 
from the last operation consists of a mi.Ktiire of 
crystalline sugar and molasses. 'J’hc j)robleni 
now*^ is to separate the two. The oldest im^thod 
is to run the masseeuite into coolers and when 
set to dig out the mass and put it into eask.s 
with perforated bottoms. In this w'ay the 
molasses drained out partially and yielded raw 
or rnvscoiHid'i swjar. ^I’his erude method has 


been replaced in most countries hy treatment 
of the massia'uitt‘ in centrifugals. This procavss 
and erystidlisalioii in motion, which now 
aeeompaiiic's it, is (h'alt with in the lesson 
d<*aling witli nMiiiiiig. 

The recovery of sugar from molasses is dealt 
with at the emlof tlie article on beet sugar as live 
processes .an* comuKUi to the manufacture of 
can<‘ anti bt'(‘t sugar. 

Cane Syrup. Th ‘re is such a dt‘cideil 
prt'ference in the rnited Statt‘s for sugar in the 
form of syrup that all<*ntion should he con- 
etmtrattsl on syrups. 'Plw' Florida sugar cane 
is partieiilailv well adapt etl for syrup ])ro(luct ion. 
In i‘.anning syru]) tlu‘ important point is It) 
destroy all fta iiieuts in tlie syru]) ami the vt'sstd 
1)\ heat, and therefore ]ueve]it germs from 
eutering. For family use fruit jars with rublx r 
bauds are tpiite suita.b!t\ ( h)ldt'il-colour(‘d table 
.syrup mannfact urt'd in Idirliados .ami Porto 
Rico commands such a 
fancy jirice in the riiitedr 
States tluit it would pay 
the growfrs better tt) 
convert tin* whole of tilt' 
cam'* sugar crop into 
syrup. "I’lie addition of 
a little eili-ie acid licljis 
to rlai’ifv the syrup .and 
is adv.’Mitageous, because 
it inverts some of the 
sugar ami tlms previaits 
crystallisation. When 
an acid syrup is used in 
cooking it advant.age«)us- 
ly reacts with the bii*ar- 
boiiate «)f soda (‘inployod 
as a baking - powtUu’. 
'J’he casks in which the 
syrup is storisl should 
have been st4\anied ami 
sulpliunil before being 
tilleil with syrup. 

Cane Sugar Fac» 
tory. A fjictory Cii^iahh' 
of dealing w ith 100 tons 
of e.'uie per 21 hours ami 
)*m ploying engim^s of IW 
h.-p., turning out S tons of sugar daily, eould be 
erected ami ecpnpptM.l for about t^lO.OOO. Th'‘ 
<*ane mills are pla- ed (Ui the ground tioor and the 
juice is [uimpcsl up to the toj) llooi* ami descends 
as it is mauufact ured. In the laboratory ;i 
pnJfU'israpr, sueh .is is liguretl in the boson f>n 
.sugar testing, costs tllO; ;i balaiK c costing about 
tIO will also b(; retpiircd as well as dishes ami 
other pieet's of apparat u.'^. The establishment 
of central factories has been uig<‘d as a means 
of resuscitating tie* sug.ar industry in the 
West Indies. A factory in which modern 

inachinery ami scientitic control at(‘ installed 
Avoubl he abb* to obtain a b<*tter yit‘ld of sugar 
than smaller factori<*s. ddie tK)sition of the 
factory would be determined by the facilities 
of transport, and if tlu‘ fmdory were worked on .a 
eo-o|xTative system among tlu* cane growers 
fric‘tion would lu^ avoided. In buying stigar 
cane tie* sugar yield is the only sati.sfaetory basis. 
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Tjr/K must go l)ac!k some yvara to rocord tho fall 
^ and d(‘ath of Cardinal Wolsev. His fall was 
as rapid as his ris(^. Ho disploasod tho King hy his 
iridc'dsion about Henry's divorce, and his man> 
enemies f|uiekly took advantage of his mis- 
fortunes. In 1521) he was ])rosi‘cuted under 
the Statutt* of Praemunire, and lesigned liis ofiiee 
of Chancellor. He was aft(*rwaids impeaclM.Ml in 
the Jfouse of Lortls, hut tlu^ Pill \vas thrown 
out in the Commons, ])artly by the influence of 
Thomas Cromwell and ])artly, it is said, by that 
of the King. His property was eorifiseated. He 
withdrew to York, but in 1530 was arrested on a 
charge of high treason. On ai^ ount of his health 
he was allowed to travel to London by easy 
journeys, but la* hecame so ill in eonso<pienee of 
an attack of dyse?it<‘ry tluil he had to slop at a 
monastery near L<‘icester, where he died on 
November 2hth, 1530. 

Sir Thomas More, 'the reign of Heniy 
VIH. is made painfully memorable by the 
manner in which deatli s(‘ntcnces were intlieted 
(m some of his most distinguished subjects. Sir 
Thomas More, scholar, author, and statesman, 
born in Loiulon, February 7th, 1478, came to 
Jiold high public othees. He was a member of 
the l(*gal profession as well as of tl)c House of 
tbininons, was elected Sj)eaker of the House of 
(.brnnums in 1523, and was later made Lord 
(.^liancellor. Like Colct and Frasmus, with both 
of whom he was acquainted, More was of the 
new order of thinkers, and w cut with them in the 
desire for certain ndorms in the Church, liut he 
could not consent, any more than they, to a 
eom])lete rej<;etion of tiie ecclesiastical authority 
of Rome. When Henry VI I f. was declared head 
of the English Church, IMore, who had resigned 
the otfiee of Lord Chane(*llor in 1532 because he 
was altogether op])osed to tlie King’s assunijHion 
of supremacy, refused to i\*eognise any otlier 
head of llie Cliristian Church than tho Pop(*. 
His refusal to take tho Oath of Supremacy was 
made tlie occasion for a charge of high tr<‘ason 
against him, an<I after more than twelve months’ 
imprisonment he wjis smiteneed to death, and 
was behtuided on July 7tJi, 1535. 

The Career of Thomas Cromwell. 
The fate of Thomas Cromwell is another 
event of Henry’s reign which has been almost 
universally condemned, althv>ugh not, as in the 
ease of Sir Tlioinas More, through admiration for 
the eliaraeter of the sufferer. Tliomas Cromwell 
is said to have been tlie son of a blacksmith and 
iunkee]K;r in Putney, and to have served in his 
early years as a common soldier in Italy, and 
then to have been a clerk in Venice, Antwerp, 
and other places. He returned to England and 
became very sueeessful as a lawyer and money - 
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lender; he attracted the attention of Cardinal 
Wolsey, Avho made much use of his services, 
and was probably tlu^ means of getting liim into 
tJie House of Commons. He became Wolsey’s 
secretary, and through him got into favoui’ 
w'itli King Henry. Cromwell advised the King to 
deelar<5 liimself the suprenu^ head of tho Church 
of Fngland, so tliat he would thus 1)0 table to 
s<‘ttle the question of liis divorce in his own 
!^>elesiastieal Courts, ('roimveirs action also 
brought about the suppression of the monasteries, 
although it is understocxl tliat he himself re- 
mained a member of tlie Chiireli of Rome. He 
was made Chaneellor, St'cndary of State, and, 
tinall^'^, Karl of Kssex. ’Phen th(‘ tide of siieeess 
.suddenly turned. Hie n'aetion against Henry’s 
claims to absolute spiritual domination set 
in, and Henry found himself (‘mharrassed hy 
the un])opularity of Cromweirs measures and 
character. 

When Henry could no longer with safety make 
nse of any favouriti* minister, it seldom cost him 
much time to discovc'r the quickest way of getting 
rid of the eneiimbranee. Cromwell had not been 
for quite two months the bi'ana* of an eaiTs title 
when he was arri'sted on June lOtli, 1540, 
and sent to the Tower. He was accused of high 
lr(‘ason hy tlu*. Duke of Norfolk, was not allowed 
any form of trial, hut was condemned on a Rill 
of Attainder, an autiipiated and odious ])ractiee 
which had been much favoured hy (VomAvell 
liimself during his days of ])()wer. 

The Bill of Attainder. 'Hie (dfeet of a 
Jhll of Attainder in those days was that when 
oiieci it liail h(‘en deelarwl in force hy the ruling 
powers against any obnoxious person tliat 
])erson was thereby put outside tlie range of legal 
trial, and had to he forthwith condemned. 
Cromwell was accordingly beheaded on Towner 
Hill, July 28th, 1540. 

Tliere wore sevt*ral other executions during the 
reign of Henry Vlll. which seemed as sudden 
and as (‘aprieious in their eliaraeter as those we 
have mentioned, executions wliieh appear to 
Jiave been mere judicial murd(‘.rs, committed to 
gratify some humour or to secure some supposed 
inliTest of tlie sovereign. The foreign policy 
of Henry continued for some time in alternations 
of antagonism, now with France and now^ wdth 
Cennany, hut the historical responsibility for 
this continuous warfare cannot be laid altogether 
on the shoulders of tho English monarch. 'J’hc 
w^hole condition of Europe at that time tended to 
lesolve itself into a struggle for superiority 
bidween England, Germany, and France, the 
great rising and rival Powers of the world ; 
the political life of Europe was then only at an 
early stage of development, and there seemed to 
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be something going on which resembled a mere 
struggle of organic physical forces. 

Peace Between England and France. 

France gave much excuse for some of Henry's 
hostility to her l)y licr constant endeavours to 
obtain control over Scotland, and to convert tlie 
northern and the southern division of the British 
island into two entirely separate States, the 
Scottish kingdom becoming a sort of partner 
with the realm of the French monarch, hi 154b 
a peace was concluded hetwciai England and 
France which, among other advantages to 
Henry, rclii^ved Jiim for the time from the inter- 
ferenci‘. of the French monarchy with Scotland. 
Henry's life was now drawing to a close. He 
had overtasked himself in every s<*nse, had put a 
strain upon all his ])owt“rs, physir al and intel- 
lectual, liad had too much work, too much 
pleasure, too much passion, and his life came to 
an end on Jafiuary 28th, 1547, wh(*n, according 
to our modern estimate of man's age, he had 
not long passed the most vigorous period of his 
i^xistenee. 

History is still engaged in controversy eon- 
ccrning the political and personal character of 
JTcnry VI IT, Ifc livid and reigned iliiriiig a 
perioii when one of the great t‘st political and 
religious eonvulsions which had come upon 
Europe since tht‘ birth of Fhiistiaiiit;^’ was passing 
f)ver England. Jly one class of historians he is 
regarded as one of the greatest imtielling forces 
of that movement, while by others he is set down 
as meri'ly one of its involuntary instruments. 
Many of his deeds as a sovereign and a man arci 
incapable not merely of d<‘fene<*, but ev<“n of 
excuse ; and the most favourable plea that can 
be made for tliest^ passagi^s in liis earinr is 
that other monarchs have committed sins as 
gr(‘at and have yet l)eeii allowed Ijy the geniTal 
viu’diet of posterity to have niad<‘ their country 
greater and strongi-r than they found it. So 
much, at lea^it, must be aekiiowledgetl wlien we 
study the j(*ign of If<*nrv V'lll. He made his 
country greater than he foiunl it, and if his life 
was stained with sin and crime, it must be owned 
that lie lived at an age when the sueci'ssful niain- 
tenanec of his country against many ])owerful 
enemies was believed to be a sovereign's best 
excuse for his sins against the codes of morals 
and religion. 

Edward VI. Tlu* reign of Eilward VI. is 
memorabUi chiefly bcc.’iuse of sonu' of the 
:.trang(^ and cviai gmt esque imadents and 
ehar.icters which it i jiclos^^s. Edward, the son 
of Henry VJ II. b,v his tliird wife, Jane Seymour, 
was only in his tenth year when Ik* sueccsakal in 
the January of 1547. The lioy's uncle, Fdwa.rd 
Seymour, Ea.rl of I fort ford, in defiance of the will 
of Henry VTll., V)y which Edward VI. succeeded 
to the throne under the regemey of a council of 
sixteen members, mostly Reformers, got liiniself 
made Protector to the young sovereign. Hi? 
invaded Scotland in 1549, with the object of en- 
forcing the contract of marriage betw<*cn Edward 
and the Scottish princ<\ss, afterwards famous in 
history as Mary Queen of Scots. Mary was the 
daughter of James V. of Scotland, rmd wa-s born 


at Linlitligow on December 8th, 1542, when hiu* 
father was lying on tlu? Ixni of sickness from 
whicli he was never to rise. Mary thus became a 
queen *a few days after hei* (coming info the world, 
it was arranged by the Kegi'iil of Seotln-ml that 
Miiry should ))(‘ givt'ii in mania, ge to Prince 
Fdward of England. Tlu* Scottish Parliament, 
howev(‘r, annulled theeonlraet; thenaipon the 
English Protei'tor invaih'd Scotland, and tlu' 
Scots \v(‘ie defeated at Pinkie on Scpfemlxa* 
loth. TIk' rnarrijige between Edward of England 
and Mary of Scot land was not accomplisheiJ, .nid 
^Maiy was aftianced to tli(‘ Dauphin of Fi‘anc(\ 
I’lc* Prote<‘1or, who had now cri'ated himsi'lf 
Duke of Somerset, nceived iuf< uniat ion, on his 
return to Fngland, that his brother. Lord Sey- 
mour, an Admiral in the Stuviee, had hetui 
intriguing against him, which Soimu’sef regarthsl 
a-s intriguing ag.’u'nst thi‘ w'(‘lfan‘ of the King 
and th(‘ Stal(‘; and wifhouf troubling himself 
about considerations of family and feeding, ho 
bad l.,nv(l Seymour executed in March, 1549. 
IxM'd S ‘ymour was tlu* second husband of 
Patheiine Parr, widow of H«*nry VIII. 

The End of The Protector. In the 
same year tluTO were two uprisings in Fngland, 
one of the (‘atholies in Di'vonshire. who f<*lt 
tluanselves h(‘a,vily ojqiresHed l)y the ruwv laws 
billowing tlu* Reformation, and another of tlu* 
diseontent(*d agrarian population around Nor- 
wich. Both risings wi'i’i? sup])ressed without 
much mercy by Soni(‘rset. But Somerset's })ow(T 
we.s s(»on to form* to an end. He? found an 
oppon(‘nt in the person of John Dudley, Farl of 
Warwick, who was making himself v(*ry inliii- 
entia! throughout Fngland. Tin* <*ountry turiu'd 
against the iVoteetor; he was aecus *d of ambi- 
tious designs dangerous to tlio State*, and was 
ex(*eii((‘d on Januaiy 22nd, 1552. No .soon(*r was 
Soim'rset i*xecuted than the country found it 
hail reason to i*egr<*t him, for the new" manager of 
alTair.s proved to hi* even a more selfish and, if 
possible, a less sl ilesmanliki? inli'r. Dmiley's 
great amliition was to bring his own family into 
the liiK* of succession. He liad by this time 
obtained the title of Duke of Northumberland, 
and inaiTi»*d his fourth son. Lord (iuildford 
Dudley, to Lady Jane Hrvy, who was.the graiid- 
d.aughter of Mary, younger sister of Henry VI I f., 
and to whom, by the will of that sova.*rt‘ign, the 
crown was to pass if tli(‘ro were no chiUlren 
of Eilward or of (‘ilher of his sisters, Mary and 
Klizabeth. 

'The young King w as now' dying of eonsumpi ion, 
and Norlhumb(*rland indiicod him to consent to a 
jiroj(*et for tin* exclusion of his sisters from tlie 
.-:uec«‘ssion, anJ the* nominition of Lady Ja.ne 
< h’ey. He prevailed ou Edward to accept this 
arrangement, ami a di?elaration embodying its 
pur])ose was foimally drawn up. The hoy King 
diedat (Greenw ich on July (Ith, LV).*k Northumber- 
land was sufiposed by some to hcA’c IrisUmed 
his deatli i)y ])oison, blit of this thine is no 
authentic evidence. Edward h;».d no op])ort unity 
of jiroving that he had any laipaeity for ride, 
tliough he seems to liavi; possessed much of the 
talent as well as some of the vices of the Tudors, 
and he lives in history only a j a name. 
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On the death of Edward, Mary, daughter of Grey, lier husband and father w^e publicly 
Henry VIII. by his first wife, Katharine of executed in 1654, even before the marriage of 

Ariugon, became Quf?en. Mary was l)orn at the Queen. 

Greenwich on February 18th, 1510. She had been Protestant Persecution.. After the 
rcunarkably well educated, loved reading and marriage began the reign of persecution, which 
books, could read many languages, and was brought upon the Queen the odious and w’^ell- 

d(*vo ted to the Church of Rome. Northumberland remembered popular name of “Bloody Mary.” 

had prevailed upon his half-brother and his How' far Mary w'as responsible for the cruelties 
Council to set asifle htn* claims. Lady Jane Grey committed in her name it is hard to say, for she 
Avas actually proclaimed Qiuvii in T.ondon, July appears to have had at the opening of her publio 

loth, 15.53, but had no support. The force of career a generous and a loving nature; but she 

public opinion throughout the country w.as certainly made herself responsible for the out- 
exerted for the maintenance of Mary's claim, rageoiis acts of pemeeut ion committed during her 
and she receiv<'d a triumphal- wdrome on her reign. Cardinal Pole, an Englishman by birth, 
public entrance into London. The English Avas sent over to England as a Papal delegate, and 
people had become thoroiiglily' Aveary of became one of Mary’s most favoured counsellors, 
Northumberland and his polic 3 -, and he and and ^va^ created Archbishop of Canterbury. Such 
two of his conf(‘d<‘r.i.tes Avero senteneed to death eminent men as Latimer, Ridley, and Cranmer 
.‘ind executed. ^Yerc tried for heresy, found guilty', and burnt at 

A Friend of Rome. It Avas not long the stake. Latimer was burnt with Ridley in 
before Queen Mary bi'gan to tak(^ measures front of Balliol C’ollege on October 16th, 1555. 
to prepare the way for the n'storation of the old It is believed that during the last three years 
form of f».ith in England. She restored to their of Queen Mary’s reign no less than 300 victims 
S^‘es the Catholic Bisliops who had Ix'cn dispos- of religious persecution w'erc put to death on the 
sessed, and she even went so fe,r as to im})rison scaffold or at the stake. VVe must bear in mind 
some of the most prominent Reformers, altiiough that in those days religious persecution by ruling 
she did not as yet venture to t vk(‘ e.iiy steps for poAvers expressed itself in deeds unknown to the 
the re-estahlishrnent of Papal supremacy*. Her mod(‘rn Avorld, and that long after the nagn of 
first great trouble arose out of her proposed Mary tlua’e was a perseeut ion of Catholics which 
marriage with Philip of Spain, (mly son of the brought its victims to the axe and to the flames. 
Emperor CharU's, avIio afterwards became, on But cvaai for Mary’s time such cruelties were 
the death of hi.s f.ather, the sover(*ign of Spain, <‘xtravagant, and have marked the history of 
the tw*o Sicilies, the NetluM’lands, Alexieo, J’eru, her reign with a horror Avhich must live for over 
and other regions, Philip became the husband among the world’s most ghastly records. Mary, 
of Mary, in spite of the prot('sts raised against mean wdiile, suffered from many disa]>pc)intments. 
the marriage by the great majority of the English SIh^ was the victim of long illness ; she had fcAind 
people, who regarded Spain as the emuny of that her husband was selfish and w'ort bless, and 
England, and were convinced thiat the union of it w'as a hitter disap})oiiitmeiit to her that she 
their Queen Avith the Sj)anish i)rinee could mean had no cliildr(;n to maintain the succession, 
nothing less than an attempt at the r<‘st oration Calais Recaptured by France. She 
of the C’atholie religion. dragged the country into a W'ar against 

One of the first measures taken by the France to support her husband, A\ho had sue- 

ncAV (^ueen and her Council was the bringing ceeded to the dominions of Spain. I’he peo])le of 

of J.,ady Jane (h’cy to trial, her imprison- England could not throw' their souls into this 

ment in the Tower, and her sdite ice to war, and it had hardly begun Avlien the French 
death. Lady Jane Grey might probably have Avon a decided vietoiy and reca]Atured Calais, 
been spared if she had consented to gLe up the which had boon taken by EdAvard 111. Maiy 

Protestant faith, but she scorned every proposal Avas Avounded to the heart by this calamity, for 

nivade to her, and the rebellion raised by Sir w'hich she must have felt herself to he mainly 

Thomas Wyatt against the marriage Avith a n'sponsiblt'. Her health broke down eom- 

Spanish prince only serA^tnl to stimulate the plot ely, and she died on NoA*ember 17th, 15.58, 
.supporters of Mary to the har.shest de(^ds. Mary Before the war had gone much farther, England 

at this time su.spccted her sister Elizabeth of Avas left Avithout any territoiy in France, if 

complicity in Wyatt’s rebellion, and iftijArisoned Mary had li\*ed longer, it is probable that the 
her in the ToAver. As no evidence could be country Avould have risen against her disastrous 
found against her, hoAVover, she AV'as released rule. Her death at that crisis seemed to light a 
in a fcAv months and sent to Woodstock in ray of hope in tht^ hearts of the majority of her 
the care of Sir Henry Beddingfield. Lady Jane subjects, Avliose patience v.^as almost exhausted. 

- Continued 
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By A. H. 

|^E'rALLUR(.iY originally implied a lviif>\vl<‘dgo 
of the art of extracting metals from t}i<*ir 
ores in a snttieient degrc'e of purity toenahh* llumi 
to Ix^ employed for industrial purposes. The 
methods employed were largely emj)irieal, 
d(^p(‘nding partly on chance and pai tly on know- 
ledge handed down often from father to son : and 
although great skill was aecpiire^l hy tlu^ work- 
man, only spetdal ores could l>e treated, with 
the 4*xpenditure of enormous labour and an <‘x^‘ 
eessive consumj)tion of fuel. At the }>resent 
time metallurgy is tending to heeonu* a true- 
science. The im])ortan(ie of the professional 
art is diminishiijg eiich year before the applica- 
tions of science, nudhodically conducted by 
experts in every branch of the subje<it, who are 
applying the laws of chemistry, physit^s, ami 
mee]iuni<*s to metallurgical operations f)f ail 
kinds. 

What is Metallurgy ? 'I tie term ntdaU 
lurgy has now aoqiiin^d a miieh more* extended 
meaning ; it includes a knowledge of the pro- 
perties of th(^ various nut als and the modes 
of their api)li<*ation to manufacturing pinqmscs. 
ft (!Oinpris(?s a numlxM' of physical and mechanical 
operations many of which are oondiu ted at 
very high temperatures, so that a knowledge of 
the principles of heat and ntraetory materials is 
necessary. Metallurgy is (‘sscmtially a eluMuieal 
iirt, and an acquaintance! will) that im[)ortant 
branch of science is nec(‘ssai y to itsstmly. Jhit 
metallurgical rheniu<trff is a special hiitnch of 
chemical seieiiee wliii^h does jiot ermie wilbin 
the ordinary sphei’c of academi<; teaeliing of 
chemistry, and purely analytical and laboratory 
midliods are often inap])lioal)le to processes e.oii- 
dueted on the large scal(! at high t<*niperaf ures. 

Only a few years ago tem})eratures were deter- 
mined in a very uncertain manner, the t<*mpera- 
ture of a metal Ix’ing judged hy the ebanges 
of colour ]KircfMv<*d l>y tlie eye, nud tlic terms 
dark red, (;herry n*d, orange, wliite, yellow', etc., 
were used to express dilTerent tempiuaturos. 
Now a manager without leaving his office or 
laboratory may ascertain <*ach moriienl. the 
j>recisc degree of temperature of a furnaet*- or of 
a metal by pUuuiig in it a thermo-couple, which 
generates a current nf electricity, the value* of 
which is signified by a suitable^ recorder. 

Ores. Metals occur in nature in ores, 
which may be tei'rned nuiallifemufi maUer. Ores 
require special ])riq3arat,ion before they are sub- 
mitted to the smelting opi'ration. 'fhe ore 
proper is associated with inon; or less extraneous 
matter, termed the matrix or gangue. 

The nature of an ore depends on the nature and 
condition of the contained metal. Iron ores 
are seldom smelted when they contain less than 
30 per cent, of iron. Ores of lead and zinc are 
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poor with 30 pcT ctmt., while a eo]qx'!r ore is 
considered very rich with 30 per cent, of the 
metal. Silv(‘r, and espeitially gold, or<!S arc very 
valuable w'lu n they contain a tew ounces to the 
ton. The m(‘tallie. minerals are. generally 
(»xi<h‘S, carbonates, sili(;ates, sulpliith's, arsenides, 
(‘.hlorides, etc., sometimes alone, hut very fre- 
(piently assoeiatt‘d togidher, forming complexoi. 
The gangiu* may consist of quartz, linu'i and 
magnesia, silicates, flouritlts, sulphates, (*t(?., and 
the.se so!U(‘timcs perform useful functions in the 
extrjiction of the metal. 

Classes of Ore. Ores may classified 
under two eliief cat<*gories — ores with earthy 
gangue and ores with metalliferous gaiigue ; the 
latt(‘r art* ehitfly oxifh's anti ea!*bonatt*s of iron 
and iron ])yrites. Many metals occur in tlu^ 
<‘arth as sulphides, and tJu'st? are often von-' 
verted into oxides and carbonates by the action 
of air ami moisture, so tJiat many sulphitlt's are 
found with a cap of oxidt' or carhonab*. 

Or(*s vary considerably in the amount of metal 
they contain and in the nature of tlu' (xmtained 
metals. In nuiny eases there is only om^ metal 
present; in otluas the on‘s are complex — that is, 
they contain i>\o or more metallic compounds, 
henet^ it is often nec(‘ssary to submit them to 
preliminary ])r()cess<‘s, smdi as washing, (U'lishing, 
dressing, anci roasting, in order to prepare^ them 
for smelting. 

Concentrating Ores. Tt is desinihli* to 
crush most ores to a more or l<‘ss tim‘ly divid(‘d 
state. For rough (M’ushing a roek-breakc'r is 
geiuTally used, and for line enisliing a stamp 
bat tery or a. pair of rolls. Aftcu* crushing valuahlo 
minerals, it is off<*ii neet'ssary to submit the 
material to a eoiietuitratiiig process, whereby 
tlie lighter gangue is meeiiani(!ally separated 
from the heavier and more, valuable metalli- 
f< rous nuttier, (lonceiitration is best elTected 
bv tlu* agency of w^ater, tlie min{‘ral matter 
being se])arated by its higher s]>e(ritie gravity. 
\Vlu*ii a mixture of light an<l heavy particles 
of equal size is stirn‘d up with water and allowcMl 
to .set tie, the latter naturally sink towards the 
bottom, and the. forjm*r settle towards tlie top. If 
such a mixture be eonvey<‘d hy a stream of w ater, 
ami tlu^ eourst* of the stream be slightly cheeked, 
the heaviest pirti(!k*s Avill subside first. By 
passing tlu‘ stream through a serie^s of reccptacU*? 
tlu* grains may be eolli^ct/od aceuwding to their 
specific, gravity. By allowing a stream of w'abw 
to How over very tinely-ilivided ore, spread out 
on a slightly sloping surface, whiidi is slowly 
revolving, the. lighter X)articles are swept away, 
leaving tlu'i heavier behind. 

Roasting or Calcining. Ores, after having 
been suitably prepared by mcchanu^al means, 
may be treated directly for the extraction of the 

3835 





MCTALS 

metal or submitted to a preliminary operation 
termed calcining, or roasting, at a moderate tern- 
perature, in order to expel volatile matter, and, 
if necessary, to convert the metal into the form 
of oxide whi(^h is chiefly efTecfed by the oxygen 
of the air. In some instances it is desirable to 
form a sulphide, an arsenide, or a chloride, in 
which Ceases sulphur, arsenic, or chlorine takes 
the place of oxygen ; such an artificial sulphide 
is termed a regufus, and the arsenide a speisp. 

In the ease of sulphides the roasting may be 
conducted so as to remove the w’hole of the 
s\ilphur, wlum it is said to be “ dead-roasted,” or 
it may lx* necessary to remove only a portion of 
the sulphur. In some instances th(^ roasting is 
performed at a moderate temperature so as to 
convert one or more of the sulphides into soluble 
sulpliates. Jf the tempc'rature be allowed to 
rise too higli, the siil})}jates an^ decompose*!!, 
forming oxides. With some snlphid!* ores the 
roasting has to be very carefully eonductod to 
prevent partial fusion and e lotting. To prevent 
this, lime or some other inert substance is added 
to the. charge, (.^lotting is very marked in ores 
containing sulphid!* of lead or antimony. 

Metallurgical Processes. xMetallurgical 
processes may be classified under the following 
heads : 

1. Liquation. In this process an easily-fusihlc 
metal or compound may he separat<*d from an 
infusible or difficultly -fusible one by taking 
advantagCM)f the different melting points. In 
this way bismuth and sulphide of antimony arc 
obtained from their or(‘S, and argentiferous lead 
is s<*parated from ropp<*r. 

2. Distillation and 8itbllmation. By 
heating or(*s of mercury and arsenic the solid 
metals are driven off in the form of vapour and 
condensed in a liquid or solid state. 

IL Hkdvc tion of Oxides at TIkut Tempera- 
tures. Keduetion of oxides is usually (‘ffected 
by heating with carbon or carbon compound, or 
other bodies having a greater affinity for oxygon 
than is possessed by tlie metal. 

4. Reduction of SuLriiiDE.s ry Iron. Lead 
and antimony an* redueed by iron at high 
temperatures, forming sulphide of iron and 
lil)(*rating the metal. 

5. Lead Method of Extraction. Cold and 
silver an^ exti'aeted from certain of their or!*s in 
virtue of their solubility in molten lead. 

0. Zinc Method of Extraction? (lold and 
silver are separat<*d from lead by means of 
molten zine. 

7. Mercury or Amalgamation Method of 
Extraction. Mercury is used cvild for extract ing 
gold and silver from their ores, the mereurv 
being afterwards driven off by heat. 

8. Wet Methods of Extraction. By nu'ans 
of acids and saline liquids, ores of copptu’, silver, 
nickel, etc., are dissolved, and the metal or a 
compound of the metal is precipitated by another 
metal or reagent. 

9. ELEtrrROLYTic Methods of Extracting 
AND Refining. This method is employed for 
the produ(;tion of aluminium, nickel, and several 
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of the rarer metals, such as calcium, cliromium, 
molybdenum, etc. ; also for the refining of 
copfxu*, silver, and nickel. Iron is also now being 
extracted by electric furnace methods. 

10. By the action of highly oxidisable sub- 
stances on metallic salts, as in the preeipitution 
of gold from its solution by ferrous sulphaU?. 

11. C'rystalli.sation. Lead is crystallised 
out from a inoltt'ii hath of argentiferous lead 
in wliat is know'ii as Pattinson's Process, and 
argentih'rous ziui* is removed from lead on a 
similar principle in Parkes’ process. 

Metals ar? extracted from their ores by dry 
or fumaci^ pro<*esscs, by wet processes, and by 
elee tr o - e lu * m i e al processes . 

Physical Properties of Metals. Metals 
are capable of existing in the gaseous, liquid, 
solid, and semi-solid states, and although the 
propi'i ties vary ae(*ording to thi^ ])hysieal state, 
the difference is one of degree rather than of 
kind. A solid is a body which can, to some 
extent, resist a change of state, or which can, 
to a ci*rtaln degree, sustain a vertical pressun^ 
without, U*ing su]>port!'d lat!.*rally. Metals may 
Ik? regarded as typical solids. A liquid consists 
of particles whidi have* eonsid<*iable mobility, 
and may therefore be moved about among 
each other witli the* greatest facility. Hene(* 
two dilTer(*nt metals mix(*d togc'ther in the 
liquid state will clilTuse into eaeh other and 
form an alloy. 

A liquid diftVi's from a solid in being destitute 
of the ]X)WTr of sustaining pressure unless 
su]>})ortei laterally, and its surface will ho flat 
when the whole mass is at r<^st. A semi-solid, 
or plastic body, possesses properties intermediate 
botw'oen those of a solid and those of a liquid. 
Wrought ii\>ii at a welding temperature is a good 
illustration of tlx* (*ase in point. A gas is 
distinguished by the fKnver of indefinite expan- 
sion, so that, however small tlic* quantity, it 
will at onec* expand and fill the empty vessel, 
however large, in which it is placK'cl, and will 
exert a pressure against the interior surface in 
all directions. 

Liquid and Solid Metals. Liquids and 
gases are all included under the general nanie 
of fluids. M'heiv are many points of resemhlanee 
betw'<*<‘n solids and fluids wliieh it will lu* 
us<*ful to consider now. All substances an^ 
porous, because the j)artic;l(^s of w'hieh they are 
eomposed are not absolutely in contact at 
every point, but are more or less separated by 
intervals of «‘mpty s}>ac(' in the inteiior. 

All such cavities wliich can be |K'reeived, even 
with the aid of the most powerful mieroseope, 
may he termed smsihlc pores, but the different 
molecules, of which* the mass of any matter is 
eomposed, are also separattxl by spaces which 
no optical instruineiit can enable one to detect, 
and it is probably in virtue of such spaces 
that gases can bo absorbed by metals and 
possibly condensed to a liquid state. 

In a similar way may be explained the fact 
that mercury will penetrate, and even pass 
through, many metals. Tims, a bar of tin is 
easily permeated by mercury witliout being 
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destroyed, allhough the mercury makes it very 
brittle. In consequence of porosity both liquids 
and solids arc sensibly compressible, but the 
latter more so than the former. 

“Flow” of Solid Metals. Solids ma\^ 
be made to flow like liquids under the influence 
of pressure, otherwise it \\’f)uld b<' impossible to 
fashion metals into various shapes by the 
mechanical processes of hammering, rolling, 
and spinning. One of the best illustrations is 
that of lead, which is made into ])ipes and other 
shapes hy sf/uirtivjy as it is called, in an a])paratus 
ecaistrueU'd on tlu; same principle as the syringi*. 
The forging of iron may be cited as anotht*r gfxxl 
example of the flow of a solid. Ev(*n a brittle 
solid is not destitut-e of tin's property, if time 
Ix^ allowed to enable it to flow from one point 
to another. Professor Spring has also ])roved 
that- the particles of a metallic |X)w(ler may be 
forced into a compact mass by strong eom- 
jnession. Jn this vay alloys have been pcM fecily 
formed without the aid of heat, and ]X)sst“ssing 
much the same properties as they would wh'-n 
formed in the usual way by fusion in a erueible. 
It has been shown that the ease with which 
fluids ditTuse into each other is characteristic of 
the fluid state. Ihit Professor Abel has ])roved 
that carbon in a j)late of solid steel can j)ass 
from it. into a plat<i of solid iron if th(‘ two 
plates be tightly pressed together, ('veu at the 
< )rdinary t.eni])erature. 

Lastly, li(piids, when ex])used to tlu* atmo- 
spluT(‘, or especially ^^lu‘n placed in varmf, 
gradually vapori.s(', and solid mercury when 
soliditied by extr(‘me cold slowly evai)orates. 

Colour and Lustre. Most of the white 
light whi(‘h falls upon a polished surfaee is 
refleeted, but a small portion is absorbed, and 
this, being deeonqx)s<‘d, is robbed of certain of 
its constituents, and the residual lays proiluce 
ihe effect of colour. In some metals, such as 
■opp<‘r and gold, the ab.sorption is more niark(*d, 
henecr copper is red and gold is yellow, while 
most of the other metals are wliite or greyish 
white. 'Tlu^ diiT<*renees of colour enable one to 
distinguish om^ metal from another. Tlu5 
colour of a metal is often modified by tlu* 
])r(‘senee of an iin]>ui’ity, and in some eases tlu* 
nature of the impurity may he judged by the 
diiTerenee in the shade of colour. The histn* 
of a metal is independ(*iit of its colour, and d<*- 
pends upon the ])crfection of its power of re- 
flecting light. 

It varic.s with the purity and the d‘’gree of 
]X)lish wJiieli has been imparted to it. Tlu*. same 
metal may have a different colour ivcording 
to the state of division of its particles. Wiiile 
most metals are o})a([ue, some are semi-trans- 
parent, and transmit only certain of the eon- 
stituents of white liglit. 'riius gold leaf is green 
when observed by transmitted light. 

Fusibility. All metals are fusible, but 
some require the very highest temperature t(> 
melt them. When strongly heated, metals 
pass from a brownislr red to a cle^ir red colour, 
wliieh gradually increases in luminosity and 
transparency to a dazzling white. It is convenient 
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The following table givi‘S the. approximate 
melting point.s of various nu*tals : 


Alrt.il 

Ah'lts nt 

Metal 

Mc*ll.s at 

Tin .. .. 

2:12 (\ 

Silv(*r 

OOtP c. 

Bismuth 

2()S ' (\ 

(h>Ul 

1,000" V. 

< ’admium 

520 ’ (\ 

( 'opp(‘r . . 

LOSO’ (k 

Lead 

52(r (\ 

Nh(*k(‘l . . 

1,500" ('. 

Zin ; 

420" (\ 

Palladium 

1,500' ('. 

Antimony 

(>52 ’ (\ 

Pure In^n 

1,000 

Aluminium 

025' ( ’. 

Platinum 

1,770 (\ 

MagiU'sium 

750’ C. 

Iritlium .. 

i 

2,500’ (_!. 


Advantage is takenof tlu* fusibility of a metal 
to pnxluee eastings from a given pattern and to 
join nu‘tal f»arts togetlier by soldering. M(*tals 
witli high fusing ]x)ints, such as iron, are used 
for lire-hars, melting-pots, and similar purposes 
|se(^ also article beginning on page 2St)2|. 

Crystallisation of Metals. On soliditi- 
eation after melting, metals usually crystallise. 
Orystallisit ion also (X'.eurs when metals arcs 
condensed from a state of vajxjur, or (h‘]>osil(‘d 
from solutions by means of t‘leetri('ity. Tliis 
eryst al lisa t ion of metals is of great importance, 
as the formation of crystals in metals diu* to 
continued vibration, intense eokl, siukleu altera- 
tions of t(*mperature, or tlu* pn*.s(‘ne(* of im- 
puritie.s may render a metal absolutely us<;less. 
Orystallisalion may K(*rve to indicate the quality 
of ‘a metal, as in tlu^ ease of foundry ]>ig iron ; 
to indieati^ tlu* ])r(\s(‘net^ of impurities, as in 
the ease of antimony in l(‘Jt,(l ; or to se]>ara.te 
metals on the large scale, as. in tlu* Pattinsmi 
process of tlesilvi ‘rising lead. 

Density or Specific Gravity. Tlui 
density of a metal depi'nds on the closeness of 
eontiwt hetwr*en the moleimles. It is inHiU‘ne<*d 
by the crystalline struetiin*, tcmpi'ialure of 
easting, rah* of cooling, mechanical treatnu'ut, 

:mi 





MKTALS 


and the purity of the metal. The dcnHity of a 
metal is increased by ■wii'o-drawiiig, hammering, 
rolling, or other compressive force, which closes 
the pores. With the exception of bismuth, all 
metals are demser in tlie solid than in the liquid 
staU‘. The densities of the metals are as 
follows : 


Platinum 

21 *5 

(■oppiM- 

. S-82 

(lold 

1032 

Cadmium 

. 8(>0 

Mt^rcury 

1:P50 

Iron 

. 7 -SO 

Palladium . . 

1 1 *20 

Tin . . 

. 7-29 

Lead 

11-37 

Zinc 

. 7-15 

Silver 

10-53 

Antimony 

. 0-71 

Bismuth 

o-so 

Aluiiiinium 

2-r)0 

Nickel 

s-so 

Magnesium 

1-74 

Tlio sjM'eiru! gravity of gold, being ^ 

vviy high. 

renders it very 

suitable 

for eoinagt^. 

On the 

other hand, the 

171 ueh lower relative 

weight of 

iron is an advantage in building, and aluminium. 


OAving to its strength and liglitness, is usc*ful for 
many pnrpost^s Avhere lightness is desirable. 

Toughness. Tnis is the property of 
resisting fractures by bending, twisting, or 
similar means, after the limit of elasticity has 
been passed. Tiiis is well exhibit(‘d in the cjuse 
of copper and lead. 

Malleability. When a body can be 
permanently flattened under a hammer or 
between rolls without cracking, it is said to bo 
malleahlf. If it break, it is ternu'd hritth. 
Malleability depends on tenacity and softtie.ss. 
During th(^ working of metals, tlio particles are 
forced into unnatural positions, ])ut by heating 
the mass strongly, and allowing it to cool 
slowly, they are brought back to their normal 
state. This is teniuid annmlin^j. (lold is the 
most malleable of nuflals, combining the two 
properties of softness and tenacity in the highest 
degree. Some jnelals arc malleable when hot, 
but not when eold ; they are then termed aild- 
xslwrt. (^)ther metals are just the reverse, and 
are then termed hot-.shnrt. Ordinary zinc is 
malleable only at 100'^ to 150° I’iie order of 
mtdals for malleability is as follows : gold, 
silver, copper, tin, platinum, lead, zinc, iron, and 
nickel. 

Ductility. When a metal can be drawn 
into wire, or lengthened by a tensile force com- 
binf-d with lateral pressure, without breaking, 
it is said to be ductile. Tlie ease with Avhieh it 
can be reduced will deixmd on its softness, but 
the thinness to wliich it may be drawn will 
depend on its tenacity, Avliich f)ropcrty has more 
influence on the ductility of metals than on 
their malleability. The rate at which the 
traction is applii‘d also exerts considerabh? 
influence on the ductility. The following metals 
ai'e arranged in the order of their ductility : 
gold, silver, platinum, iron, nickel, coiiper, zinc, 
tin. and lead. 

Tenacity. This is tlie property of metals 
by wliich they resist, in varying degrees, the 
separation of their molecules by the action of a 
tensile stress. It not only varies with each metal, 
but also with the physical condition of the metal. 
It is generally diminished by a rise in tempera- 
ture, while tlie rev('*-..e is often the ease "with 
regard to malleability and ductility. Some 
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metals have a low tenacity, and are then often 
brittle. The tenacity or tensile strength is 
determined on a straight bar, held firmly at one 
end, and a gradually increasing weight applied 
•at the other end until it breaks. Tne strength 
is usually expressed as the number of tons or 
pounds required to produce the rupture of a one- 
inch-square bar. 

Elasticity. This is the property in virtue 
of wiiich a body returns to its original bulk after 
its shape has been altered by external pressure. 
Any body which is thus capable of recovering 
its shape is said to be a perlcctlf/ elastic bodff. 
When a bar of metal is submitted to a tensih» 
Ktre.ss, it incn^ascs in length pro}>ortional to the 
weight applied. When a certain limit is reached, 
the stretching or strain increases more rapidly 
than the load, and then the bar will be pci- 
manently stretched. The point at which the 
stress and strain ceases to bo proportional is 
termc‘d the limit of elasticity of the metal. 
The clastic limit, breaking stress, and elongation, 
are of prime imxiortance. In designing struc- 
tures it is mort‘ important to know bow much 
weight a metal will sustain without permaneut 
distortion than to know its breaking stress, in 
order that the greatest load may be applied well 
within the elastic limit of tlu^ material. 

Testing Metal Strengths. The above 
eharacdorislies are d(‘t(Tmined by means of a 
tensile testing machine. This machine is made 
wit h two pairs of jaws in which the test piece is 
held, one pair b(*ing generally connected with 
the ram of a hydraulic cylinder and the other 
end with a lever carrying a wciglit, by which tho 
tensile stress exerted by the ram is nu'asiired. 
Some maeliines have the jaw and test pieces so 
arranged that a pull is produced in a vertical 
plane, while in otlu'rs the jaws are arranged 
so as to work horizontally. Sometimes it is 
advisable to obtain tlu^ stnws within the limit 
of elasticity. This is determined by an arrange- 
ment similar to the folloAving. A single lever 
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cairies a poise which measures the load, while 
the pressure is ajiplied by means of a hydraulic 
ram [IJ. The ratio of BC to BD is‘ 50 to 1. 
The poise is one ton, and when it is at D, it 
balances 50 tons at C. E is a revolving drum 
which is actuated by the wire attached by 
clips to the specimen which is being elongated. 
The pencil, which is actuated by pressure in the 
hydraulic press, has an axial motion proportional 




METALS 


to the stress ; a stnjss -strain difigrani is thus 
ubiaiiied. Some materials, such as oast iron, 
are testtid for their transverse strengths. The 
standard test })iecc for c*ast iron is 3 ft. ti in. long, 
2 ill. deep, and 1 in. wide, thus allowing for a 
distance of 3 ft. between the supports. jSee 
also article bc'ginning on page 1301.] 

Welding. When two pieces of metal are 
joined together by pressure to form one com- 
pact piece, they are said to bo welded. It is 
necessary that the nn^tals should bo soft, with 
clean surfaces, and that they should posst^ss 
considerable malleability and toughness. The 
requisite conditions for welding iron fire obtained 
only at a high temperature with tlu^ metal in 
a plastic state. The motion of the molecules at 
a high temperature is raised to such a degree t hat 
they arc (japable of penetrating into ea(*h other. 
Steel requires to be welded at a mucli lower 
temjierature than iron becrause of its lower melt- 
ing point, and because the carbon is liable to burn 
off if the lieat be too intense. Soft metals like 
lead can bes welded at the ordinary temperature. 

Forging. When a metal is capable of 
being hammered but into various shape's, tlu^ 
operation is termed fortjiivj. This profx'rty is 
the same as inalleability, but has a more limited 
meaning. Forging is an illustration of the solid 
flow of metals. |See also article l)eginning on 
page 21)83.] 

Soldering. 'this term is applied to the 
o])erafion of joining two surfaces of a metal or 
metals fogc^ther by lu'at. In what is term<*il 
“ lead burning,” as usi'd by plumlxTS, two pM'c<*s 
of h'ad are fus('d togt'ther at- tlui edge.s by meaiiH 
of the oxy-hydrogen blowpipe, as in some cases 
the introduction of solder would not be admis- 
sible. I'his is the case with th<^ sheet-lead lining 
of acid chambers. Solders arc divided into tvv(» 
classes - hard^ or fusing with difficulty, and soft, 
or easily fusible. When a red heat is recpiin'd 
to melt tht‘ sold(‘r tin* op<Tation is termed 
hraziruj. Brass sold(*r belongs to this class. Th<‘ 
solder must in all cases have a loAvcr iiu'lting 
point than the metal to be soldered. 

Hardness. Hardness or resistance to abra- 
sion or cutting is gcuiiaally iucn*ascd by the 
prescuc<^ of impurilies in a metal, so that softness 
in many cases is a test of purity. The softness 
increases with an inertNise of temfxraturi'. 
Manganese, nickel, and cobalt are tlu^ hardest, 
and lead oiu'; of the softest of metals. Ifardness 
depends on the degm' t)f attraction of the mole- 
cules for each other. 

Rrittleness. When a metal readily breaks 
into fragments by the occurrence of a sudchai 
shock, or if a metal be unable to resist tract ur«^ 
when subjected to a compressive force, as in 
rolling, it is termed brittle. Brittleness is not 
hardness, as sealing wax, for e.xampJc, is brittle 
but not hard. A substance is brittle wlu'ii it 
does not elongate under pn^ssure. If a metal be 
eryst»\lline and the cohesion lie tween the crystals 
be feeble, then the metal is brittle. 

Sonorousness, 'rhis projierty is possessed 
by the harder metals, and is very marked in 
certain alloys, such as those of copper and tin. 


Impurities often increase the sonorousness of a 
metal, as in the case of antimony in lead. 

Conductivity. 31iis is the pro])<*rty differ- 
ent metals poss(‘ss of transmitting heat and 
electricity. The conducting power ot metals for 
heat is as follows : 


Silver 


'Pin . . 

1.V2 

t ‘op}ier 

. 73fi 

Iron 

119 

( Jold . . 

00*2 ; 

\AKld 

85 

Magnesium 

343 1 

l*l«at ilium . . 

84 

.Aluminium 

313 ' 

.ViitinKuiy. . 

40 

Zinc . . 

281 

Bismuth . . 

18 

Cadmium 

201 

Mercury 

13 

Jn electrical languages th 

r resistance t)f a 

metal 

to the Ilow" of 

an eh'ctric 

euiTent is iiion 

oft<*ii 

used than the 

eoridiictivitv, the latter propi'rty 

varying invers 

•ly as Die i 

(‘sistanee. Th<^ 

resist- 

a net; of meta ls 

is increasef 

l)y a rise of t<‘mpera- 

tore and diminished by i 

i fall of temfie 

•at ure. 

The following 

table givi'S 

the condurtivi 

ty for 

electricity of the metals in a pure state : 


Silvt'r 

. 1,000 

1 roll 

104 

(.‘oppt'r 

999 

Till.. 

152 

(h)ld . . 

HOt) 

Lead 

88 

Aluminium 

.151 

Nickel 

79 

Zinc . . 

302 

Antimony 

42 

Platinum 

. 107 

Mercury 

25 

Palladium 

104 

Bismuth . . 

12 

Structure 

Thc! fra 

(‘turtal surface 

of a 


midal or alloy often affords a gtmend guidt? to 
its pro]M.'rti(‘S and adaptability to varicuis uses. 
It is h(*st obtained by nicking a bar with a chisel, 
gripping it in a vice, and striking it witli a ham- 
mer. ill this w^ay eitlu'r the brittleness or the 
toughness is showai by llie angle through wliich 
it Ix'iids and the forces ri'quircd to break it. When 
broken, any gr(*at want of homogmuaty is shown 
by the irregular appearance of th(* fraetuie. The 
bar is said to he cnj.'tUdUnc wlitai it is math' up 
of visible crystals. 

W’heii the crystals are so small that they can- 
not be seen by the unaided eye tlu* fracture! is 
said to lx‘ (jramildr; occasionally the grains are 
so min\ite that tli<*y pntsent merely a silk-like 
shei*n, as in hardened steel and w rought copper, 
when it is l(*rmed a .silkf/ fractun'. Wrought iron, 
when broken, .sliows a fibrous fracture, due to 
threads of mielosed slag. Usually a coarsely 
erystallim^ or gr.anulsr fracture in a metal 
indicates less satisfactory wanking properties 
than one of thc^ same class in wlii< h the fractun* 
is liner ; and a fibrous metal is likely to lx* tough 
because the prescncti of tJie fibre is an indication 
that tlie metal was malleable enough to he rolled. 
'Phe size of the grain is often largely dependent 
upon the tein]x*rature at which a mc'tal was 
east and upon the subsecpient mechanical and 
thermal treatment tluit it lias received. 

A metal whi<^h has been pouri'd into a mould 
at a. t<*mperature far above its rru'lting point is 
geiK'rally e.oarser than one pourc'd at a lower 
temperat ure. Ka]>id cooling also tends to prpduce 
a tim* grain. Hammering a metal produces a 
liner grain, and overheating produces a coarser 
grain. Very hard and brittle metals often break 
with a glass-likc, histroiis, and eurvetl structure, 
termed ntnehoidul fracture, 
inued 


3839 



Group 6 

ARMY& 

NAVY 

1 


THE PRIVATE SOLDIER 

The Army as a Career. The Various Branches of the 
Service. Standard for Recruits. Artificers. Duties and Pay 


By C. DUNCAN CROSS 


AS a moans to amassing a fortune the Army 
is not to 1)0 reoonimondod. The pur- 
pose of the 8ELF-Ei)UfL\TOR. hoAvovcr, is not 
to tea eh mcreJy how to make r.^.oney ; it is 
to direct its readers toward the walk of life 
which affords a livelihood and at the same time 
offers an occupation which agrees with their 
tastes. That the Army, for itself, is an allure- 
ment to many a young man will not be denied ; 
and though to-day it is less true than in former 
times tliat every drummer- hoy earrk's in his 
knapsack the baton of a. tield-marshal, it will 
be our business to show how a young man of 
spirit can earn a livelihood with honour to 
himself and with benefit to his country. 

Physical Standards. An 3 ^ young man 
of good character and of good health may 
offer himself as a candidate for tlio Army. 
'J^he standards of height and chest measurement 
vary with each arm of tlu^ Service. Of tlie 
most important branches they are as follow, 
though tlie figures are liable to alteration ae(‘ord- 
ing to tln‘ supply of and demand foi' recruits. 



1 

Arm (jf Service. 

i.nghi. 

Atre. 


('.TN .Tlr\ 

ft. in. ft. in. 
11-0 1 

18—26 

Cavnlr\ of Hu- I.iiit* : I'mloriiO 

r. 1 -f. 7 



,, ,, Oscr 20 

0 — .‘> S 



(3 miners., K.lf.A 

7 — r. to 



K.l'.A 

r. 7 --.T to 


K 1 

U.(3.A 

Samlnp- 


Ij -J 

H 1 

Drivers, If.ILA 

wauls 
r. 4 7 


1 

„ u.r.A 

- 5 7 


1 

Art ilI<-ors and Tailors .. .. 

r» i and op- 



SauiKTs and I’ontoniers 

wards 


S 1 

noat,ui<-n ! 

.1 4 


W 1 
2 

Shoi'iiiakei's, Tailors, Brick- : 
layers ' 

'"i 


® 1 

Drivers ' 

f, _ 7 


“i 

Telcjrrapli, and Ilailway Be- i 
ser\ c j 

fi r» and up- 

10-30 

> 

H f 

^ 1 

Foot (tuanls ; rialt-r 20 .. i 

wards 

IS -2.‘» 

,, OverJH.. .. 1 



Line i 

;{ ,, 



Army SeiA ice Corps .. .. j 

3 i> 



,, Dri\crs .. .. 

2 - 4 



ItoN al Arniv Medical ( 'orps . ! 

r> 3andnp- 

IS— 2.S 


* ' I 

Army Ordnance Cor]>*» : ! 

Arnionrcrwaml Machini-ts I 

wauls 

r» 4andup- 

21- 30 


Others j 

wauts 

.‘j 5 r, 



Post < )lHcf Corps ! 

r> 4 and 11 ])- 

10—30 


1 ! 

wai'ds 



(.’hest measurement is also taken into con- 
sideration. The body must be well nourished, 
and, above all, there must be a range of expan- 
eion between the chest contracted and expanded 
of not less than two inches. 

Weight has something to do with the matter 
nowadays, particularly in tlie cavalry. The 
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Army no longer r(^(juires heavy men, wJio 
make a good show but tir<i out their mounts. 
So, except in the case of the Household Cavalry, 
a hea\y man is not accepted. Therefore, if a 
man scales ovct LW Ih. ho had bottxT turn his 
mind to some other branch of tlie Service. The 
same is true of the artillery. Big, strong men 
are reipiired tor gunners, but small men for 
drivers. 

Skilled Tradesmen. Tn the Army, as 
in the Na\y, there are openings for skilled 
tradesmen wJio desire to combine their skill 
with tlie pursuit of an aclvi'iiturou.s calling. ' 

In the cavalry and artill(T 3 % men who have 
any knowledge of horses are always welcomed ; 
and a man wlio is willing to apiily himself may 
hope for a ridingmastershi]), which carries with 
it an honorary lieutenancy, in the Royal 
Knginetus there are openings for any trade 
which is needed h^^ an army in the field. In the 
x\rmy Serviet^ Corps are to he found men con- 
versant U'ifh trades which ai(‘ useful for the 
supply of an armv in tin* Held. The Army 
Orclnance Corps calls for many men of miscel- 
laneous trndi's which luive to do with the repair 
and upkiM'p of military works and stores. 
Lastl 3 % for men ^^ith a certain professional 
leaning there is the Ro3’'al Army Medical 
(.Jor])s, in which an able man may al way’s 
make his way. 

For those wlio have no partieular trade hut 
a liking for soldiering, there is the infantry. 
The pay is not so high as in tJie more skilled 
branches of the Service, but, on the other hand, 
the work is less arduous. 

In any ease, let us impress ui)<.>n the intending 
recruit om* thing. Tlie Army is a good master 
but a bad servant. That is to say, that the 
man who join.s the Army as In* would join a 
business, intending to make it his livelihood, 
allowing nothing to dettu* him from success, 
will find the Army a good place to live in. On 
the other liand, the man who joins the Army 
for w’ant of something better, who shirks his 
work, and wdio means to get put of it as soon 
as possible, will find himself at the end of his 
short service little better off than when ho 
started. 8o we w^ould say, having made up 
your mind to he a soldier, join young, and 
make the Army' your home. With- close attention 
to business y'ou w'ill soon reach a responsihk^ 
{Kisition, and w ill retire on a liandsome pension, 
witJi a good prospect of civil employment in 
addition. With luck you may live to wear the 
sword of an officer. 

Promotion. It will be evident that no fixed 
dates can Ix^ laid down in which a man may 
exjiect promotion to a certain rank, the varying 
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conditions of service, and the element of hick 
which enters into the calculations, preventing 
such an attempt. A few general remarks as 
to possibilities may, however, be ventured. 
In a Line regiment of infantry a smart man 
with fair education may expect to gain his 
first step in from six months to a year from the 
time he becomes a private. His second step, 
with the eorporal’s stript^s, may be hoped for 
in another sif months or a year. As corporal 
he will have to serve another three or four 
years before he gains his sergeant’s stripes ; 
and beyond that probably another two years 
or more liefon? reaching the rank of colour* 
sergeant. In the Foot Guards and the House- 
hold Cavalry, where a higher standard of 
efficiency and smartness is demanded than in 
the Line, this time may be considerably ex- 
tended. Tn the skilled branches of the Army 
— the Engineers, the Army Service Corps, th<*. 
Ordnance Corps, or the Royal Army Medical 
Corps, where the proportion of non-commissioned 
officers to men is greater, and individual re- 
sf)onsibilit.y has to be accepted to a greater 
c'xtent, the ])ros})cct of promotion is very good 
to the skilled man ; and there arc many open- 
ings as storekeeper, foreman of works, and 
so forth, with good pay and comforts to those 
on t)ie watch for them. 

A Commission. The hope is sometimes 
lield out to ini<‘nding recruits that they may 
work their way to a commission. Jn time 
of war a man may be, and often is, pio- 
moted to a eommissioii for gallant conduct 
or 8]wcial service in tli(5 field. Tn jx^ace lime, 
however, it is extremely rare for a man to 
be promoted from the ranks unless he has 
a first-class education, backed by a certain 
amount of money and influence. The most 
that a young man should expect, thc'rcfore, 
is to reach warrant rank and, perhaps, an 
honorary lieutenancy ; but, on the other 
hand, ho should always bo I'eady to grasp a 
chance which will lift him beyond, for it is 
true in the Army, as elsewhere, that the best 
men are bound to come to the front, and th:it 
the so-called lucky man is merely the man who 
has prepared for the opportunity and has 
gra.S{X‘d it when it has arrived. 

With those general observations we will pass 
directly to the conditions of the Service and the 
method of entering it. 

How to Join the Army. Facilities 
for joining the Army lie around on every side. 
To begin with, theiu^ are tlu? main recruiting 
stations in London, the head office near Charing 
Cross, and the other branch ofliccs. Tn the 
country and the provincial towns a man c{in 
bo enlisted at every barracks of Regulars or 
Militia, and every sergeanl-instnietor of Volun- 
teers is ex-officio a recruiting agent, ^^ho will 
lx pleased to give information, advice, and 
assistance to a young man who desires it. Last 
of all, and this is not so generally known, every 
soldier serving in his Majesty’s Army is a 
recruiter who, will take charge of the young 
man, will convoy him to the nearest point 
where ho may join, and will draw the sum 


offered by the Government to its agents for 
the body of a recruit. Certain regiments — 
the Guards, for example — have special recruiting 
stations and special methods of attracting 
recruits ; but . a man can present himself at 
any of the before-mentioned stations, and, if 
he come up to the Guards’ standard, ho will bo 
drafted th(‘re. 

Choice in the Service. The choice of 
the arm uf the Service to whicli ho will belong 
will {)0 a matter of anxious consideration to the 
recruit. To the average man the more siioAvy 
branches of the Service will appeal most — tluj 
cavalry or the artillery ; but unless ho has 
some acquaintance with horses thc'.sc are not 
altogether to be recommended, and it shotild 
never he forgotten that when the day’s work is 
done the horse or the gun has to he cleaned up, 
whereas the infantryman lias only himself to 
look after. A man is allowed to choose which 
arm of the Service he prefers, but unless he has 
some s}xcial connection with a regiment he 
must accept any regiment to whicli he may 
bo drafted ns the good of the Service demands. 

'J’ho periotls of service vary according to the 
arm of Servii*e, as is shown in this tahU; : 
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2 
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9 

,, ,, Mlly. MochauUts 

l oot (iuarda 

vz 

0 

3 

9 
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12 

0 
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7 

5 
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Drivfrs 

2 

10 

Others 

3 

9 

Koval Army Medical Corps 
Ar/ny Ordnance, Corps 


0 or 1 1 

3 or 1 j 

9 

.Machinery Artificers and : 



Annonrers ' 

12 j 
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The Recruit. At the recruiting station 
the young man is rai'asurod, is put througli a 
severe medical examination, which embraces 
jihysieal condition, eyes, and teeth, and, should 
all he satisfactory, he swears the oath of allegianeo 
required by his King, and is drafted eillier to the 
tlepot, or in some eases to his own regiment. 

Army Pay. The qiK'stion of pay is com- 
plicated by the fact that regimental pay varies 
in the different arms of the Service. A table 
showing the pay of the principal branches of 
the Army is given on tin* following jiage. 

In addition to this it must ho remeun bored 
that all these men have allowances and additional 
pay. The infantryman, for instance, drawing 
l>."a day regimental pay, draws an extra 2d. 
p.er day for iip-k(?ep of kit, and ;kl. a day for 
messing, after six months’ service. After two 
years ^^if he has extended his service) ho draws 
an extra 3d. or ()d, a da 5 % as proficiency pay, 
according as he is classed 1. or ll. 

The deductions arc 3d. a day for extra messing 
and the cost of his washing — say in all 2vS. (>d. 
per week — as an outside figure for the infantry- 
man. The tleductions in other corps — the 
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HoUvsehoUl Cavalry |uirticularly — arc heavier. 
On the other hand, cleduetions from oiu; cause 
or anoiluu’ shoiiltl n«‘ver exceed 3s, (Id. pei* week 
in any corps, so tliac we must revise our hgurc's 
somewhat. A private, after two years’ si'i viee, 
would re(*eiv'(‘, accordinj^ to his class : 


In addition to th<‘S4'. rates, meu of certain 
corps draw t*xtra duty pay, working l>ay, 
enj^ineer pay, and corps [>ay, at rates varyin*^ 
t)etwe(‘ti 3d, and “Js. per day, aeeoi*din^ to their 
qiialitieations. When we consider that this is 
in addition to free hoard and lodging, it will he 
admitted that for a steady man the Army is 
not so badly paid as many trades outsith;. 

Duties and Discipline. At tirst the 
work is very dull to the recr uit, who is har assed, 
too, by the nuniherless restrictions of a discipline 
wliieh is new to him. All the time, however, ho 
is uiuh'r corrstant surveillance. Tf lie proves 
himself apt at drill, respectful to his superiors, 
clean and sol)er, h(^ will gain the confidence of 
his officers and the respect of his fellows. Tn 
from four to six mouths this phase of his 


instriK tioii will have ended, and if at a dejrot 
he will be dreafted to his regiment ; or if with 
his regiment, will find himself on an equal 
footing w'itli the trained men. 

It is now that the young soldier should settle 
a career. lie can elect to be an oflicer’s 
.S(‘rvant, in \a hich ease 
his military duties 
will he considerably 
light ('lied, and he will 
re('eiv(^ an addition to 
liis pay from his 
master. On the othia* 
hand, this leads no- 
wlu're, and is hardly 
a career for an ambi- 
tious young man. 

Anotlu'r avenue is to become a iilerk in the 
orderly room ; hut this, though it involves 
eeitain advantages and relu'f from duty, is an 
indoor life, and will probably fail to satisfy the 
thirst fur glory which every soldier should 
have. 

Now, ive shall suppose that our private decides 
to fight his way througli the ranks as a plain 
Holdi(*i\ llis good hehaviour as a recruit lias 
merited approval already, and a continuance 
cannot fail to attract the notice of his eolonr- 
sergeant. Of all virtues that appeal to a soldier 
the om^ most sought is siuartnes.s on parade, 
nd.s, combined with readiness in thought and 
action, the stricte.st sobriety and .civility, will 
bring its own rew'ard in due course when the 
private is recommended for his first stop. 
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'THE jointing and fantoning of a numl)(*r of 
pieceH together is necessary in practically all 
woodwork, and it is chiclly in the knowledge of 
how to do this efficiently that the woodworker s 
art consists. The fitting of separat<^ pieces is 
often more necessary in timber constructions tlian 
it is in those of metal, whicli material, being* 
destitute of grain,” is practically as strong in 
one direction as another. Neither is it liable to 
shrink and warp as wood does, and it is often as 
strong or stronger when in one solid piece than 
if built up of a number of parts. Wood is really 
strong only in the direction of its libres — that 
is, it will stand a gn*at deal of tension, com- 
pression, bending, or shearing stress across its 
grain — but is wry weak indeed if subjected to 
stress in line with the filires. It is necessary, 
therefore, to strengthen it in its weakest direc- 
tion by <*onneeting it to pieces with their grain 
at right angles to it, or by metal attachments 
in the form of holts or straps. In tlu^ ease 
of ])ieees of wood of considerable width, this 
stiffening across the grain is necessary even if 
it is to he subjected to no actual stress of 
any kind, because, if it is not so stitTened, it 
will w'arp. 

Joints in Woodwork. Joints in wood- 
w'ork, if properly made, are not an element of 
weakness, hut in most cases quite tla* contrary. 
'Pho chief ohjc'ctifin to joints, in fact, is tlu*. 
trouble of making them. Across the grain, tlu‘ 
greater the number of piec(*s used in making up 
a given wuilth the less trouhli? is likely to arise 
subsequently from shrinkage or cracking. End 
grain joints can always lx* made if necessary, 
and lx*, as strong as tin* solid wooil ; hut 
except for very great lengths, it is siiiqiler and 
better to havi^ the wood in one ]Mece witliout 
joints. Accurate fitting is essential in all joints, 
not only for appearance, which in uiany cases 
might be disregarded, hut primarily for strength. 

There is mucli variety in the forms of joints that 
can bo employed ev(*n und<*r almost any given 
circumstances, hut there is usually only one 
form that is the best possible for each particular 
ease. The nature and diux'tion of the strains to 
which the tw'o or more members w ill fie suhjeeteil 
have to be considered in deciding on the most 
suitable form, and also the amount of work in 
making it, and the desirability or otherwise of 
permanence and good appearance. 

Joints with Screws. Both screws and 
nails are very commonly emiiloyed in all wood- 
work, sometimes in conjunction wdth glue, hut 
more frequently alone. In most eases they are 
more reliable than glue; and another reason why 
they are often preferred is that there is then no 
waiting for glue to dry. Screws are suj)orior to 


nails in holding power, hut the chief considera- 
tion which favours their use is that (hey can 
easily bo withdrawn if necessary without injury 
to thc! work, and they can also he inserted with- 
out the jar to delii*ate work that nail driving 
involves. Nails, however, are often quite as 
satisfactory from these ])oints of view, and have 
the advantages of being more quickly inserted 
and cheaper. 

Screw Holes. Fig. 118 shows in section a 
serew^ in place holding an upper piece of wood to 
a lower. Tlu^ hole for the screw is bored f'ntirely 
through tlu^ u}qM‘r jiict'c, and is of a dinmctcu* 
that permits the screw to sli]) easily into it up 
to the head. In mait work the hevtiled enlarge- 
ment for the head is countersunk with a suilafile 
hit, hut in many cases, especially if the wood 
is soft, the screw is mei‘(‘ly tightened down into 
the bored hole until tJie head i.s flush, or slightly 
below' the surface. 'Phe ohj(*ction to forcing it 
without count iTsinking is that it slightly twists 
and comprcss(‘s the grain around the head. 
If it ho desirable to sink it to a considerable 
d<^pth, a c(*ntre-hit hole is bored for the head 
to sink into [1191, and generally this hole is 
plugg(‘d after the simvw is home. Often screw's 
arc sunk in this way solely to conceal the 
head by ])liigging. th * grain of tlio plug running 
the same way as that of the wood into which the 
screw' is inserted ; hut (x’casionally it is done 
he<‘auHe the stulT is very thick and it is desired 
to u.se a comparatively sliort screw'. 

'^Phe hole in the lower ])iece of wotxl is always 
bored smaller than the tlireaded portion of the 
screw', and shorter than the distance to which 
the ])oint will penetrate. Its precise relation 
to the* size* of the screw' depc'nds on the charac'ter 
of tlio wood, a large*!’ hole hc*ing required in hard 
W’ood than in scjft wood. 'IIu* aliility of the w'ood 
to resist the s])liUing action of the screw' must 
he eonsid<‘red also, a small, short-grained, narrow 
jiieee Ixlng much wc'akcr than a long piece of 
large area. In the latter cn.se, in fact, if the 
wood he soft and the: screnv not large, it is not 
ncM-essary to bore a liole at all in the undc'i* pic'ce 
of w'ocxl, hut merely to givc^ the* scr<*w' a tap with 
the h» miner to start it, end run it in with tju^ 
scrcnvdriver. "Po ensure a elovse joint, a chisel 
should ho passed over the holes in the joint, 
to r(*inovo any splinters. 

When screws arc inserted in this way, the 
up|M^r pierce of w'ocxl is held by the bevelled" hi*ad, 
and the low'er by the threaded portion of the 
screw. If the body of the screw he a tight lit 
in the upixn’ piece of w'ood, there is difficulty in 
drawing the joint together as the screw is Ixlng 
tightened. Grease may he used with ad van tago 
on both screws and nails to assist them in 
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ixmetratiiig, and it also makes their withdrawal 
easier at any 8ubsc<juent period. 

When a number of screws have to be inserted, 
and the left hand is not required for liolding 
the work, the most exjx'ditious method is to use 
a screwdriver bit in a ratchet brace, making 
c*ontinuous turns with the brace until the screw 
is tunirly home and getting tight, and then using 
the ratcliet movement in short turns io give 
power. If much force applied, tlirougli not 
having the hole Ixaed large enough, it is not 
unusual for a screw to break in harcl wood, either 
at its head, or to twist olf near the top of the 
threaded portion. If one half of the* liead breaks 
off, it may 1 k^ twisted l»aek with pincers or [diers. 
If the entire head is otf it is b«*st to slip the wood 
otf it if possible, and withdraw it from the joint; 
or if it broken at the> joint, tins method may 
Ih^ adopted. If it be n<‘cessary to go below 
eitlier surface to get at it, the wood must be* cut 
or punched away until a grip on it can be 
obtaincxl. If this Ix^ objc'ctionable, it is best to 
leave it embedded, and insert another near it. 
Very tight screws ean oftem he loosened for with- 
drawal by a few 1)1oavs dcdivt^rcd by a, mallet on 
the end^f the screwdriver. This also may 
carried ftir cnougli to make* the screwdriver ent 
and penetrate deepcu* into tlie head, and so 
obtain a better hold. Care should be taken not 
to let the screwdriver slip and damage the head 
wh(‘n trying to turn it, lK*eause the more a head 
becomes worn the k^ss chance there is of Ixdng 
able to turn the screw. 

Joints with Nails. Nails are simply 
driven in with a hamimu’, and holes are bored 
for th(*m only avIkui tliere is a risk of their 
splitting the Axotid. 'limy are AvithdraAvn with 
pinetu’s, or the ehiAv of a cIuav hamincu' ( 120], but 
in either case it is necessary to have the head 
standing a little abo\a* th<‘ surfao<‘ of tlic Avood 
t<i obtain a hold on it. lids, lioAvever, is geiuu- 
ally the easc^ avIkti a nail has to In* withdrawn, 
because if it bends or goes out of tlie direction 
re(|uired, the {X'rson Avho is diiving it sch‘s lx*fore 
it is completely lioine that it Avill have to come 
out again. When nailed Avork has to be taken 
apart, the nails arc not usually withdraAM) first, 
though there are ])atent appliiinees for Avith- 
draAving them, but the avooiI is [)riscd or knocked 
apart, and the nails removed aftc-r if required. 

Neither scrcAvs nor nails hold so well in end 
grain as in side* or “ plank way” of the grain, 
and conscquenfly they are generally put closer 
tog(*thcr, and often driven at angles, as in 121, or 
a gn'ntor length is sek'cted than would be ustxl 
in side grain. Tiic spai ing is decided by the 
nature and size of the Avork and the strength 
rctpiired. Wlxm inserted in a lino in side grain 
at short spaces apart, the number of holes or 
breaks in the continuity of the grain weaken 
the wood considerably, and render it- \'Cry liable 
to split along the line of nails. If then* be not 
more than an inch or so of Avidlh in wliich to 
drive them, as in the (xlge of a box, this cannot 
be avoided, but in a piece as wide, for instance, 
as the battens shown in 122, a double line would 
1x5 inserted rather than one line doAvn the middle, 
the spacing of each line being about doubled. 
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and the screws or nails staggered^ chequered^ 
or placed zig-zag. This throws them out of line 
in the under piece of wood also, and, moreover, 
one line of nails or scrcAvs down the middle of a 
wide batten would nullify the advantage of width 
in the batten, rendering it of no more value than 
a batten just wide enough to take the scrcAvs 
AAdthout splitting. Another undesirable feature 
Avould be the tc‘ndency of the edges of the batten 
to curl up from the surface unk*ss held down by 
nails near the edgevS. 

The Butt Joint. The simplest form of 
joint possible is a butt^ in which two flat sur- 
faces are brought toge-tluT and are held by glue, 
nails, screws, bolts, battens, tisb-plates, or other 
means ; or are not actually connected, but merely 
abut together, and are held in that position by 
being fasttuied s(‘parately to some other part of 
th(‘ structure, as, for instance, Avhen flooring 
boards art' laid side by side and nailed to the 
joists Aipon Avhicb they rest. This is the form of 
joint usually employed when glue is used to 
unite pieces of wood side by side in building u}) 
♦‘ithcr a greater Avidth or greater thickness. If 
the joint be Avell fitted and imopcrly glued, it is 
practically as strong as the solid AAOod, but it is 
suitable only foi‘ the side or plank way of thc 
grain. On end grain, glue is almost useless, 
and, owing t<A shrinkagt* and swelling of the AVOod 
across grain, glue cannot be \isccl for uniting 
}nt‘ccs crosswise*. 

As a close* fit evcryAvherc is essential in a glued 
jexnt, the simple‘st way of obtaining this is to 
plane both surface's abse.)lute‘ly true*. In small 
joints it is a very sim})Ie matter to pkmc them to 
a tit ; in la-rge*r ones considerable skill is rcepiired ; 
and in the casi* e)f ve*ry largo surfaces, Avhere the 
mat(‘rial is so large. e)r comparaliAvly thin, as tei 
be ]>liant, an abse>lute*ly true* surface* is not so 
ncct'ssary, bed the je)!nt is bre)ijght cle)se cve*ry- 
where* by e'lamjnng. In the making of long edge 
je)ints alse), the surfaces may ])urpose*ly be planed 
e‘ithe*r vi'iy slightly hollow, or rounding Jength- 
AAisc, prefe*rably the former, so thtit they Avill 
ncee! clamping e>nly at the open ]x\rt, and avIk'ia 
this has be{‘ii sepieezcd togethe*r the* other parts 
will have bounel thcmse*lve‘s tightly. If k'ft 
elampe*el in this Avay feu* abemt a day, until the 
glue* is thoremghly hard, the* clamps may then 
be* take*n olT Avithout fear of the joint opening 
again. (due*d joints, cxe*cpt the; very smallest, 
shoukl ahvays be clampe*d, or otliciAvise pressed 
tightly t-ogetheAr until the glnc is set. 

Fitting Glue Joints, In making -long 
e*dgc joints of the character sheAwn in 123, the 
tweA ]>ie‘Ce*s of Avood arc generally held side 
by side* in the’: vice and planed together, 
'i liis make's it easier to get the edges square 
Avith the fact's, or if there be a slight in- 
<*linat!on to one side, they Avill countereicl each 
e>the*r Avhen the joint is fitted together. Tlie try 
square is used to see that the (*dg(‘s are^ approxi- 
mat<*ly sepiare, but tlie final fitting is done by 
trying the Iavo pieces together and examining the 
joint. If open places be visible anywhere, the 
close parts must have shavings removed from 
them until there is close contact everywdiere, 
the exception, of course, being when the joint 



JOINTS IN WOODWORK 

118. A Rcrcw inserted In the ordinary way 119. A screw countersunk i»elo\v the surface 120. Drawiii« a nail with 
a claw hammer 121. Nad^ driven iit angles 122. Ihiards held together hy battens 123. A glue Joint crammed 
■ 124. Testing an edge joint from the face 125. Applying glue to a Johit 126. A dog 127. A glue joint held by dogs 
128. A Joint held by handscrews 129. A cleat toiigued on an end 130. A mitred cleat towelled 13l. A dowelle. joint 
132-139. Tonguecl and other forms of edge joints 140. A plough 141. Using a plough 142. Using a. rebate plane 
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is purposely being made open at the middle or 
ends to be closed in clamping ; but this can be 
done only in large joints. If the pieces fitted 
togi‘ther be very wide, as in 123, it will be im- 
portant that they shall V)e as nearly as possilde 
in line when glued, and therefore a mere square 
te.st on the joint should not be relied upon, but 
a straightedgt' should be tried across the entire 
width [124], when the pieces are together in fitting 
the joint. A very slight inclination on the joint 
will throw the faces considerably out, and necessi- 
tate a great deal of planing and reduction in 
thickness to get them true after the joint is 
glued. 'I’his, therefore, is a point which must not 
be lost sight of when the attention is engage<l in 
making the joint as close a fit as possible. Very 
slight dilTerences in the angle of the joint can 
easily he made by keeping the plane to one side 
on the edge as it travels along the joint, so that 
the middle part of the iron where the shaving 
is thickest may be at one side, and the side of 
the iron where the shaving tapers to nothing 
may he at the other side, thereby cutting a 
shaving of unecpial tliiekm‘s« and altering the 
angle of the joint. 

Edge joints are usually planed with the wood 
in the vice, and the plane used as shown in 102, 
but sometimes short joints, not exc(‘eding 2 ft-, 
or 3 ft., are planed with the wood on a shooting 
board, as in 101, the advantage of the latter 
method being that tin; edge cannot then be other- 
wise than apjjroximately s<(uare. When the 
wood is too long to he held properly in the vice 
alone, the front end only is gripped by the vice, 
and the back supported at the same level. 

Gluing and Cramping. The glue is 
applied as quickly as possible to both pities, 
which are held as shown in 125. The glue 
should be as hot as possible, and the joint 
clost'd before it has time to get cool. In gluing 
a long joint t wo men arc necessary, (uie at each 
end, to rub superfluous glue out by sliding the 
iipp(U‘ pii'ce on the lower and to see that the sides 
and taids nrv flu.sh Avhen the rubbing ceases, arul 
also to assist c.aeb other in cramping or driving 
dogs without lo.ss of time. Small joints can 
easily be manipulated by one person. 

Either dogs [126] or cramps [123], or both, 
may be used for holding a joint togetlier while 
the glue is setting. (Tamps are more powerful and 
decidedly bt‘ttei‘ for large joints. For edge joints 
where the cramps have to span a considerable 
width, bar cramps tightened by a screw, or 
various forms of shop-made cramps tightened by 
wedges arc used. A simple form suitable for 
cramping almost any width is shown in 123, 
A, B, and C. It may be tightened merely by 
knocking it diagonally across the joint until it 
holds (y\), or by driving a wedge between the 
pin and the edge* of the board (B), or more 
si‘curely still by driving two wedges in oppo.sit<^ 
directions (C). Numerous other forms of cramp 
are used in w'hieh the extension is fixed to suit 
work of fixed size, such as doors, that arc con- 
stantly being made, but the means of tightening 
is nearly always the wedge. 

Joints with large surfaces, such as 127 and 
128, are made by planing the surface of one of 
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the pieces perfectly true, and then fitting the 
other to it. Square, straight-edge, or winding 
strips are used in the preparation of the first 
piece, and sometimes in roughing down the 
second, but the finak fitting is done by trying 
the two pieces together and examining the joint 
round the edges, especially at the comers, to 
see whether it is in close contact everywhere. The 
s(‘ii.se of touch may also be employed to find 
whether th(*re is any rocking or unequal bearing 
between the two pieces. A very common method 
is to rub chalk all over the surface of the joint 
of the piece that has been planed true, and then 
rub the surface of the other piece on it. This 
transfers some of the chalk to the second piece 
and shows all over the surface just where contact 
exists and wliere not, and the joint (;an thus bo 
very expeditiously brought to a lit by planing 
from those portions where the chalk marks 
indicate the liigh places. This is a very satis- 
factory method of fitting any surfaces to each 
other, whether for glue joints or not, or whether 
the surfaces be flat, ciii ved, or irregular in shape. 

For cramping joints of broad surface, and wood 
of eoniparativ<’:ly shallow depth, handscrews are 
the most suitable, and are more commonly .used 
for glued joints than any other kind of cramp 
[128]. They are not suitable for edge joints 
because ihc'ir extension is too limited. They 
can bc‘ screwed up to give a uniform parallel 
grip, or, if the work requires it , the* pressure can 
bo increased or diminished at point or back 
by relaxiftg one of tlu^ screws and taking up the 
slack with the otlier. 

Glue. (Jlue is stronger when freshly melted 
than after it lias been reheated or kept hot for 
a long p(‘riod. 'riie proper way to make it is 
to break it up into small pieces and soak it in 
cold water for st'veral hours to soften. Then 
put it in the glue- pot and heat it, adding enough 
water to eovc*r it. (Hue is always heated in a 
double pot, the inner eoniaining the glue, and 
the outer the hot waU‘r. Water is ustxl to thin 
the glue down to the required eonsisteney. 
I’liis thinning depends to some extent on the 
kintl of work for which tlu' glue is required. 
For small work it should be rat luu* thick, for largo 
joints it should bo tliinner. It is sometimes 
more convenient to use liquid glue than to melt 
glue for but in shops wiuu*e large quantities 
are required tht* latt<u' method is ineferred. 

When melted glue is used, it should be applied 
as ((uickiy as possibk; while hot, and in gluing 
large joints in a cold atmosphere it is best to 
warm the surface of the wood first, so that the 
glue shall not be chilled and commence to set 
before the operation can be completed. It 
should be applied to both surfaces of joints, 
and then the endeavour is to rub and squeeze as 
much as possible of it out and to bring the woof 
into contact with no very appreciable film of glii 
between. While doing this the surfaces ahou| 
never be separated, but merely slid to the extef 
of 2 in. or 3 in. over each other, the distance 
depending on the size of the joint. When this is 
done properly the two pieces will rapidly become 
very difficult to slide, and they should then be 
adjusted exactly in relation to each otlior, and 



ofampcd. If the pieces are allowed to separate 
slightly while rubbing them together, especially 
at the finish, the joint will not hold satisfactorily. 
‘ In that case it is generally better to take them 
apart, w'ash the glue off and apply fresh, and 
“make the joint” again. 

The Cleat or Batten* Instead of gluing 
boards edge to edge to make om^ wide piec^e, 
they may be held together by laying them edge 
to edge without glue, and screwing or nailing 
other pieces of wood, termed ejoata or haflnis^ 
across them [122]. This method is sometimes 
adopted in addition to gluing, but the battens 
arc then more for the purpose of keeping the 
surface of the wide piece from curving or splitting 
than for holding the joints together. Joints 
held by battens are rather a rough class of work, 
though satisfactory as far as strength is eonoerned. 
When boanls are battened togeth<*r without 
gluing, the joints open slightly if the wood 
shrinks, but in battened work this is usually not 
obje<^tionable, and moreover, if the joints 
could not separate, the wood would probably 
split in places. Wlien battens screwed on 
tln< face, ns in 122, are objectionable, either 
on account of ap])earanec or because they are 
in th(‘ way, a neater but not quite so strong a 
method is to tongue them across the ends [1291, 
as Is often done in drawing -hoards. A ndiiu'- 
ment of this method again is to mitre the eorru'rs 
1130] so that no end grain is (‘X posed. The 
objection to bringing the end grain of battens 
husli with the width of the hoard is that when 
the board has shrunk tlie ends project beyond. 
Battens attached to the face as in 122 are always 
cut slightly short of the full width. 

Dowelled Joints. Although, as already 
stated, a plain side grain glue joint properly 
made is practically as strong as solid woo<l, 
there are eases wheiu^ it is atlvisahle to make the 
joint of more eoinplieak'd form, while still using 
glue as the means of holding. In edge-glued 
joints the two chief variations from a ]»lain 
Hat surface are the dnwdlod joint |131J and the 
grooved and tongued joint (132]. 'Hie dowelled 
joint is listed in many ways in addition to 
an edge joint like that shown. It is very com- 
monly adopted in end grain wheie glue has 
little holding power. Dowels are shown in 
the end grain of the mitred cleat joint [130], 
Very often tenons are preferred in such a 
case. Tlie main idea in using dowels, how- 
ever, is not s(j much to hold the parts together 
as to prevent side movement, though, if 
glued well, their assistance in holding together 
is eonsiderabl<\ As long as glue holds, side 
movement is impossible, Imt glue cannot always 
be trusted. Its quality varies, and in dam[) 
situations it is not of much value. A glued 
joint at its best is as strong as solid wood. Some 
men even assert that it is stronger. But never- 
theless glue joints sometimes break, often 
tearing away some of the wood on either side, 
but with the main break through the joint. 
In the case of a joint subjected to a bending 
or shearing stress wliich would tend to split the 
timber, dowels extending a short distance on 
each side of the joint would prevent the joint 
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from breaking ; <^r, if the glue failed, the joint 
might separate by shrinking, but the pails 
would still be k(5pt Hush with each other by the 
dowels. Dne disadvantage of a dow(*lled joint 
is that it is not easy to make* a thoroughly 
satisfactory glued joint of it, lieeause rubbing 
the parts together is impossible, atul the dowels 
are a slight hindrane<^ in getting it (juickly 
together as soon as the glut^ is applied. Extra 
force is therefore advisable in cramping it. 

Dowels. I>on'('ls, or dowel pina^ are round 
rods of haitl wood. They are usually employed 
only in narrow joints and on small surfaces, 
'^rhe joints are tith'd in the ordinary way, and 
then the centres of the dowt'l hoh's are carefully 
marked opposite each other in the joint on each 
of the pieces. The.se centres must exactly eorre- 
s|Xind in eaeli lialf, or trouble will be experienced 
ill getting them together. The two pieces an^ 
generally placed side! by sich* with their jointed 
faces upward, and lines are scribed aero.s.s each 
at the jiositions when^ dowels are to be inserted. 
Then a gauge is st'l to about the e(‘Jitr(‘ of the 
thickness of llu^ wood, and longitudinal marks 
gauged from the s inu* side of each pi(;ce. Tin? 
intersection of thc'se lines iiulieatc's the centres 
of the dowels. Another method is to lay ordi- 
nary pins in suitable positions in the joint and 
to press the parts together in correct position, 
thus obtaining corresponding im})re8sion.s of the 
pin heatls on hotli pieee.s, tlu'se impre.ssions 
serving as et'ntres on which to bore the dowel 
holes, 'fhe dowel holes are then bored with 
a centre-bit of a si/e which ix'rmits tiu'! dow'cl 
to he driven in a light lit . The dowd pin is then 
<lriven in with a little glue in each hole of one 
of the pieei's, and sawn off 2 in. or 3 in. above the 
surface, fare must he taken to bore the holes 
in the other pi<'(*e amply dec'p t'liough to riiceive 
the project iiig dowels. Somc't inu'S instead of enter- 
ing only 2 in. or 3 in., ch)vvels are })ut entirely 
through, tlius stiffening and ])reventing the 
wood from splitting. Dowels may be ])urehased 
rca<ly made, but if wanted only occasionally they 
can !)(• plain'd in an angle hoard and .sometime.s 
aredriveii through a lioleof tht' correct diameter 
ill a piece of iron or sit'd plate. It is important 
that they lit the bit hole tightly, but it is not 
essential that tliey should bo perfectly cylin- 
drical. Some men prefer them simply planed 
with a series of tlats round their eircumferenci\ 
This tends to keep them from turning, and pro 
vents them from being an air-tight tit and eo> 
sequent ly trouljesome to insert. 

The Tongued Joint, The fongtud jotH 
[132] Is variously known as ploughed 
tongued, tongued and gmored, grooved ana 
feathered, or mafrhed, the last -mentioned t(M*u. 
applying only to boarding witli tongues worked 
out of the solid | 133]. Edge joints of this 
class are more commonly employed in carpc'ntry 
and joinery than either the plain, square butt 
joint, or the dowelled joint. They arc not 
much more troublesome to make than the 
dowelled joint, and for most purposes are 
decidedly suix^rior to it. The tongued joint 
may l>e put together either with or without 
glue. Its two chief advantages are, that no 
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m<itU*r how much the wood shrinks, the tongue 
prevents light or dust from passing through 
what would otherwise he .in open crack between 
the boards, and also it keeps the boards Hush 
with each other throughout their entire length 
more efTectually than dowels at intervals 
coukl. The tong\ies, or feathers, arc thin strips 
of wood sawn to lit the grooves, generally with 
their edges convex to facilitate insertion, 
l^sually tlu'y ar(‘ cut with their grain running 
th<» sa.m(‘ way as the boards ; but vSome work- 
men prefer them with the grain crosswise, or 
fliagonally. Sometimes also, hoop iron is used 
instead of wood, so that they can then be made 
vc‘ry thin, with, at the same time, a gain of 
strt'ngth both to tlumiselves and to the boards, 
which do not r(*quire such wide grooves. When 
tlie grooving is done by hand a plane, termed a 
phuijh 1 140 and 141] is us(‘d. In this plane, 
irtnis of widths ranging from about, i in. to ^ in. 
can he used, according to the width of groove 
reijiiin'd. These irons can he adjusted to 
plough to a ecTtain depth and to a certain 
distance from one side of the wood, the body of 
th(‘ plane acting as a gauge. Irons for planing 
the tongue's arc' also somi'times usc'd in it, hut 
gcaieially both edges of the boards are groovc'd 
and loc»se tongues put in. V^cry oft cm when 
glue is used, the tongue is also uail(*d into one 
of the grooves. When a circular saw with a 
rising table is available, grooves arc* generally 
sawn in ])reference to the um* <»f a plough. 
Formerly special planes called /mr/rk planes 
were oftj'ii used, one to f)lough a groove, and a 
companion to it to form a coiresponding tongue 
on the edge of the piece which luul to lit 
it. When such work is doiu^ by hand now, 
ploughs or universal y)!anes an*, more often 
employed. 

Modifications of the Tongued Joint. 

The superioiity of an (*dgc joint in which 
tlie parts ov'criap and tit into each other is 
so gr(*at that many other forms hc'sides the 
simple tongue and groove just described are 
(‘mploywl. The donhh tnufjHC [134) is frec|u<*!i(ly 
used for thick joints, c>r, when machinery is 
used for cutting them, half a dozen or more 
grooves and longues may be made on the edge 
of a thick hoard. This lalt(*r method is often 
employed in box-making where* thick wood is 
glued edgewise to mak<5 up a givt'ii width and 
atterwards ripped dowm into a number of thin 
pieces. Thc'ie is also th<* doid)lc-tongued joint 
[135] in which both a [nojection and rc*eess are 
out on the same c*dge of each ])i(*ee. There is the 
hvvidlcd or utujidar tongue ) 136 j, in which an 
(‘asy entrance and close tit are assuri'd by the 
wedge h>rm of t.)\e tongue. Also the rebated 
joint [137], in which the edges are cut to form 
a half lap joint ; and there is a modification of 
this in the rebated and tongued joint [138). There 
is also the t<playedf het'ellfd, or scarfed joint [139], 
w'hich is more commonly employed for ends 
than sides of hoards, and is then also a heading 
joint All these joints are used for flooring 
hoards and similar work where a number of 


boards have to be fitted side by side. Where 
there is no objection to it, a quirk head, as shown 
in 137, is employed to make the joint less 
noticeable if thv. wood should shrink, and also 
to improve the appearance. 

Rebates are planed with a rebate plane, as 
shown in 142. A rebate may bo required at an 
intermediate position as in 142, or at an end, as 
in the case of the tongue in 129. When working 
a^Toss grain it is necessary to run sawcuts to the 
correct depth before the plane can bo used, 
otherwise the sides of the rebate would be torn 
and splintered by the plane. Tf accuracy is 
dt'sired, the sawcuts are kept to one side of 
scTihed lines, and tliese are aft(u*wards pared to 
w'ifh a chisel. In i^l^iiiiig with the grain, it is 
not necessary to use a saws but a strip of wood 
is generally attached temporarily to the surface 
to form a guiding edge for the plane. The 
depth of the rebate is niark<*d with a gauge. A 
chisel is tis(‘d for roughing down, and the plane 
for finishing. 

Treatment of Jointed Parts. Unlike 
exterior surfaces, joints are never finished by 
glass-papering or otlier trt^atment, hut are 
brought, to a fit by the cutting tools only, and 
put together in that state. When properly 
fitted thus, further work on them would not only 
he snperlluoiis, hut sometimes (k^riinental, by 
rendering edges less sharp, and consequently 
making the lines where surfact's rncHjt more 
apparent when the parts art^ together. It is 
always advisable to have joints a close fit at the 
ext<‘rior, even if this be obtained by undercutting 
in other parts. A sliglit amount of undercutting 
to ensure a close fit at the otilside is nearly 
always p(‘rmissible, and as a rule is not a weak 
feature in a joint. Similarly, inner projections, 
sueh as dow’(‘ls and tongues, are invariably kept 
a little short in their recesses to make sure that 
th<‘y shall not prev(*nt tin* other parts from 
c'oming together as closely as possible. In the 
tongue, for instance*, in 132, and the other 
exain])les that follow it, about in. of s])aee 
would be allowed betwee'U Uio bottom of tln^ 
groove and the* edge of tlie tongue. In a re^bated 
joint like 137, no slaekne'ss could be allowed any- 
where, unless ill eases w hen* fine faeeMv ere hidden 
and very t'iose joints were required on the other. 
In thick stulT jointed in tliis way, slight under- 
cutting might ho practised on the edges, but with 
a beaded edge it would never be necessary. 

Parts which have been glued, or otherwis^^^ 
secured together, nearly always rcipiire trimming 
and reducing slightly, to make their surfaces 
flush, and true with each other. It is simpler 
to do this after they are united than to attempt 
to join them absolutely tlusli, for none of the 
usual m(*tJiods of fastening permit of very 
delicate adjustment of parts. In neat work 
also, a general cleaning up with a plane is 
necessary after the parts are together, because 
surfaces often get bruised and soiled in 
handling, and pencil-marks, made to show the 
position of parts in relation to each other, have 
sometimes to be removed. 


Continued 
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Light and Crystals. There is a deeply 
interesting branch of science which is known as 
cryMallography — the study of the form and 
conslru<!tion of crystals of nil kinds. In the 
attempt to cover the great tieUls of pliysics and 
i'hemistry, in this and its companion course, we 
have been able to spare no space at all for this 
subject, interesting though it be. But a crystal 
is made up of molecules, and wv. cannot question 
that the shapt; of the crystal depends, in some 
way, upon the shape of its inoh'culcs. Tn the 
course on Chemistry Ave have had occasion to 
discuss the work of Past<‘ur iipoii the two kinds 
of tartaric acid, and tlune avc saw liow the shap<* 
(>f the moleeuI(‘s must be associatc^d in our minds 
with their peculiar belinvionr in relation to light. 
VVe must now study tlu' fashion in which certain 
<*rystals act iipoji a ray of light ; aiul the ))oint 
which it is d(^sired to cmphasisi* is that avc must 
not regard the behaviour <if solutions of tartari(t 
acid, for instance, upon light, and the beljaviour 
of certain crystals upon ligfit, as nnr(‘lated, hnt 
must constantly associate th(‘m in our minds as 
A'arious instances of th<‘ relations Ixdvveen light 
and molecules of certain shapes. 

Ordinary and Extraordinary Rays. 
Tin; familiar salt knoAvn as calcium carbonate 
occurs in great quantities in Teeland in the 
])avticular form which is knoAvn as ndnt*' or 
/('eland ,'<par. J’ortions of this substance can 
very readily be split or cleaved so as to form 
a transparent crystal, having the shape of a 
rhomb. Now, in sucli a crystal, there is a 
paiticular direction Avliicli is such that tin; 
crystal is syninn'trical around it, and this is 
knoAvn as tin; optic axis of a crystal. This o])tic 
axis docs not ])ass through any point in the ciystah 
but, iinli‘cd, there are as many optic axes as 
molecules, and they are all j)aral1el. This fact 
alone is proof that the lK‘hav’inur of a crystal, 
which wc are about to stmly, is really the be- 
haviour of one and all of its component mole- 
cules. Now, if AVC take such a crystal, and look 
at any object through it, w(‘ shall lind tliat every- 
thing is fioublc. ISco Plji^c facing page 12tM.l 
In short, A\dicn a ray of light passes through 
a rhomb of Iceland spar, it is split up into two 
ravs, and these tAvo rays ditfer from each other 
in the most remarkahh; Avay. One of them is 
known as the (jrdinary ray ; it j)a,sses through 
the crystal according to the ordinary laws of 
refraction, and disi)lays no peculiar characters. 
But the other ray, Avhich is ]>ro<luced by this 
process of double refraction^ has some very 
remc.rkablc properties of its oAvn, and is called 
the extraordinary ray. In the lirst place, it dot^s 
not have the ordinary index of refraction, and, 
in the second place, we shall find that this ray 
actually turns round Avlien the crystal is turned 


round, in such a fashion that it always nunains 
in the sam(‘ plane with the ordinary ray, and 
Avith the optic axis of the crystal. Thus, if avc 
lo(»k through such a crystal at Avriting u])on a 
piece of paper, om; of the Iavo images of the Avriting 
prodiycd by the double refraction actually turns 
rouna as the crystal is turned round. 

It is essential that the Iceland spar he proy)ared 
for this y)urpose in a fashion Avhieh preserves 
its natural characters. It must ho split in its thn/e 
natural directij^ns. If it l)(‘ cut, we shall lx* apt 
to find that it has no ])eenliar eharacters at all 
and that no double refraction is pniduced. 

The Extraordinary Ray. What we noAv 
r(*quire isjilainly some device which Avill enable us 
to study either the ordinary or the extraordinary 
ray by itself. 'Fhis can be done by taking a 
crystal of Iceland spar, cutting it obliquely 
so as to form two AV(*dges, and then cementing 
the AA'cdges tog(*th(T Avith the substanee known 
as (Vinada balsam. 1’l»is particular substance 
is transparent and lias a refra(;tive iiuh*x Avbieh 
is between the refractive index of the ordinaiy 
ray and that of the extraordinary ray of Iceland 
spar. Ifenec* it. is an easy matter to adjust tin; 
})rism -commonly ealhxl a “ Nieol ” — so that 
the onlinary ray is totally reiicet(*d from the 
Canada balsam (falling ujxui it at an angh; 
gn‘aler than tin* (‘litical angle), avImIc tlie 
cxtraonlinary ray passes on uneheckixl. 

W'luai Ave come to (‘xainine this extraordinary 
ray, AAc find the explanation of the fact that one 
of the images seen through a rhornh of leelaiul 
spar rotates when the* crystal is rotated. We 
find, in short, that this extraordinary ray consists 
of polarisi*d light— a term which wc have had 
occasion to use more than once already, and 
which must noAV bo carefully stiulied. 

A Historic Observation. Double n*- 
fractioii ha<l already been studied by Huygens 
and by NcAvton. i<efer<‘nec has already Ikm'ii 
nnule to Newton’s explanation of it, and liis (pK's- 
tion. “ Havi; not the rays of light several sides, 
imbued Avith sevc'ial original properti(‘s ? ” Jt 
Avas not until ISH), more than a (‘entury afU*r 
NcAvton's work, that, to quote Professor 'J\ait, 
“ Mains, while engaged on tin; theory of douhh; 
refraction, casually examined through a doubly 
n*fraeting prism of quartz tin; sunlight reflected 
from the Avindows of the Luxembourg Palace 
He Avas surpiiscd to lind that the tAvo rays 
alternately disapp(;ared as tin; pri.sm was rotatc'd 
through suci’cssive rigid angles; in other Avords, 
that the relleeted light had aeejuired pro])er- 
ties exactly corresponding to those of tlie rays 
transmitted through Iceland spar. Even Mains 
was so imbued with the corpuscular theory of 
light that he named this phenomenon polarisat ion, 
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holding it aM inexplicable on the wave theory, 
and as requiring a Hpecics of polarity (akin to 
the magnetic) in the light corpuscles — a close 
reproduction of one of Newton’s guesses.” 

It was not long, howev^er, before the true 
conception was reached, that the ethereal 
vibrations take j)lace at right angles, perix*ndi- 
(ujlarly, or transv''ersely to tlu? diro(;tion of the? 
rays. Prof(?ssor Tait thinks it probable that the 
long delay in reaching this true conccfdion is 
due to the fact that the familiar forms of wave 
motion are not of this character. VVe must also 
note another difheulty. “ That a body may 
transmit waves, in which the vibration is per- 
jjendieular to the direction of a ray, it must 
have the pro}x^rties ()f an elastic solid rather 
than of a tliiid of any kind. And our cxperi(‘nce 
of the almost, entire absence of resistance to tlie 
planetary motion seems, at lirst sight at least, 
altogether in<()m])atible with the' id(‘a that the 
planets move in a jellylike solid, tilling all space 
through which light can he propagated.” 

The “Sides** of Light Waves. Trans- 
V(‘rse waves, then, can have what Newton called 
sidfs. Furthermore, they cannot interfere witli 
one another, so jis to destroy one another, unless 
their ‘\sid(\s'’ are fiaralh^l : and they cannot inter- 
fere at all if their " sides ” tire at right angles w'ith 
OIK? another. ’Pluvst' statements must he tested 
l)y examination of polarised light. But, fir.st, let 
us insist u])on the general stati'inent of the fact, 
a particular instance of which was discovered by 
Ma lus : 

“ Light reflected from the surface (d substances 
so ditT(*rent as wat<‘r, glass, polished wood, etc., 
at a certain definite angle which deixmds upon the 
nature of the suhstanet', is found to possess all 
the propertii’s of one of the rays transmitted 
tlnough Iceland spar.” The angle thus referred 
to is known as tin* ludarisimj ajKjle. vSir David 
Br(?wster further discovered, as ar(*sultof a most 
jirolonged and j)atient research, the law which 
goes by his name, as follows: “The tangent 
of the polarising angle is e([ual to the refractive 
index of tlie reflecting suhstance,” or, “when the 
reflected ray is eom])l(‘tely polarised, it is per- 
pendicular to the r<*fracted ray.” Tlu* light 
reflected from the sky is partly polarised. 

If wo use two Niei^l prisms together, wc can 
obtain some very instructive ri'sults. After pass- 
ing through one Nieol, light falling on another, 
turned at riglit angles to the first, is eoiiipletely 
arrested. If a second Nieol, or “analyser,” he 
]ilaccd in a similar position to the first the ray 
passes iinehangod ; hut as the second Nieol is 
rotated more and more of the light is stopped. 
When the t wo prisms are at right angles to each 
other they are actually opaque, even to strong 
sunlight. 

The Polariscope. The polariscope is 
an in.strument in which we may study the in- 
torferen<‘e of polarised light. Essentially, it con- 
sists of twoNi(‘ols placed at right angles to one 
another, but having between them a plate of 
crystal cut parallel to the optic axis, and, 
therefore, capable of resolving into two — by 
double refraction — the ]>olarised, or extraordinary, 
ray which passes through the first Nieol. In 
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consequence of tliis resolution the \vave8 can 
pierce the second Nieol to some extent;, in so 
doing, they interfere with one another, and so 
produce the coloured rings characteristic of the 
polariscojxj. Among other uses, the polari- 
scope has that of enabling us to distinguish 
between (Tystals and othcT bodies more or loss 
resembling crystals. We owe the polarisco|>e 
to the disooveiy of Arago, made the year after 
the observation of Malus. He it was who first 
discovered that “ a y)!ate of any double refracting 
crystal, sucli as selenite or mica, w^hen inter- 
j>osed between two similar polarising prisms 
or piles of glass plates, displays splendid tints, 
varying in colour w’ith the thicKness of the plate 
and w ith its inclination to the transmitted beam, 
and varying in intensity as the plate of mica 
or selenite is turned round in its own plane.” 
This disco \'ery depends upon tin? fact, w'hich 
WH? have* already stated in otlii-r words, that two 
polaris(?d rays cannot intiTfero with one another 
unless they are polarised in the same or in parallel 
planes. After inventing tin* polariscope, Arago 
showed by its means that tin? light of the 
sky is largely polarised (being none other than 
sunlight r(*tlecled from the contents of the 
atmosphere), and that the light of the moon and 
the light from tails of eomids show^s signs of 
polarisation — a proof that tluvsi' bodies shine 
by light which is horrowinl or relleeted. 

A Great Contributor to Science. 
Franyois Arago w'as horn in France in 178h. 
As a mere sehoolhoy he delighted in the works 
of the great contemporary Fr(‘nch mathe- 
maticians, such as Laplaci', and he at last 
left politics and war for soienc(‘, to whii^h ho 
saeriticed money and ('very other kind of reward. 
He died in. Paris in 1853 aft(*r making a nmst 
amazing scries of contributions to almost every 
branch of optics, and also to astronomy by liis 
application of physics to that great scicaice. 
He also made gri'at eontrihutkms to magnetism, 
and is distinguislu'd as one of the men of vscii'iice 
of the higlu'st rank w ho have d(mo groat service 
to science by their manner of its ])res<‘ntation 
to the intelligent; memliers of society. A 
biographer says of lunv : “ Kc* has ri?ndered vastly 
gn'ater servi(?o to astronomy by his popular 
expositions of it than hundn?ds of the most 
assiduous observers put together. F(‘w liave 
had, in such a degren? as he, the gift of rt?due- 
ing the abstract conceptions of pun? scii'net' to 
the level (jf the popular apprehension without 
descending to the puerile and frivolous.” 

A Very Simple Polariscope. A very 
simple form of p()lariscoi)e may be made by 
tlie use of the mimwal known as tourrmdine («a 
silk?ate of alumina with many other elements). 
It is very strongly doubly refractive, and 
eertain varieties of it arrest the ordinary ray 
altogether. Thus, a plate of it, cut parallel to 
the optic axis of the crystal, acts as a polariser, 
while a second similar plate, phw?ed at right 
angles to the first, acts as an analyser. Two 
such plates can be mounted so as to form the 
effective little polariscope, which is usually 
known as the tourmaline tonga. Any crystal 
that is to be examined is simply placed between 
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the two plates. Now, wc must turn to the 
gi’catest question of light. 

The Discoveries of ClerK-Maxwell. 

James Clerk-Maxwell (1831 to 1870), a Scots- 
man and the first professor of experimental 
physi(^8 at (^ainbridge, has been repeat edly 
referred to in this course. When he wiis 
only eighteen ho made two valuable con- 
tributions to physics. Not very long after- 
wards he made his first contribution to 
electricity, whicli was afterwards to be the 
subject of his greatest work. His theory of 
elcct-romagnetisni, in its fully developed form, 
first appeared in his book, “ Electricity and 
Magnetism,” which appeared in 1873 and has 
been described as one of the most. “ splendid 
monuments ever raised by the genius of a single 
individual.” Unquestionably, Clerk -Maxwell is 
one of the greati'st physical theorists of the 
nineteenth century, and his premature <l<‘ath 
must have sadly delayed the progress of science. 
His name will live longest, perhaps, in virtue 
of his deHromagnetic theorg of lights to which 
some reference has already been piadc, when 
we pointed out that its author not only declared 
that light must exert a pressure upon surface's 
opposed to it, but also dared to estimate the 
magnitude of that pn^ssure — his assertion and 
his estimate having sinc<i been contirniod by 
actual observation. We; may quote from Pro- 
fessor ^rait the; briefest possible; statement eif 
what Maxwell accomplished ; 

“ Maxwell has shown how to reduce all eh‘ctrio 
and magne;tic phenome'iia to stre^saes and motions 
of a matenal medium, and, as one preliminaiy, 
but exe;e.*ssively severe, t,e‘st e^f the truth e>f his 
the'ory, has shown that (if the cleedromagnetic 
nu‘dium be; that which is requinid for the ex- 
planation of the phe'nomema e)f light) the> 
velocity e)f light in ihjcuo [in a vaeuium] slmulel 
he* numerically the* same as tlie^ nitie) of the> 
e*lcotromagnetic and <'leotrf)stalic units. We 
elo not as yet certainly know either of th€\se 
epiantities ve*ry e^xaetly, but the^ means of the; 
be*st de;term mat ions e^f eaedi, se*paratcly, agree 
with e>nc anotJie*r more edosely than elo the various 
values e»f either. The*re seems te> be; no longeT 
any possibility of doubt that Maxwell has taken 
the first grand step te>wards the disce>very of 
the true nature of electrical phenomena. Had 
he; done nothing but this, his fame; would have 
be;e;n se*cur<;el for all time. But, striking as it. 
is, this forms only one small part of the ci>ntents 
of his truly marvellous work.” 

Electromagnetic Theory of Light. 
Tliese words were written about a quarter 
of a century ago, and since; then it has 
i)ecome possible to s))eak in very much 
bolder terms of tlio electromagnetic theory of 
light. Wo now know that el(;e;troinagnetic 
disturbanc(;s are transmittexl through the e^tlier 
at the same speed as light, and in <;onsequence 
of the work of Hertz, who a])proachcd the 
question from the experimental side, as Clerk- 
Maxwell had appreiaedied it from the theoretieal 
side;, we know that electromagnetic waves are 
capable of refraction and refle^ction and therein 
follow precisely the same laws as those followed 


by light. Curiously enough, Hertz also was 
fated to die at the very height of his powers. 
He died in 1804, at the age of 37, and his epoch- 
making work was done when he was about 30. 
Not only did he discover the propagation of 
electromagnetic; wavers through space, but ho 
measured their lengtli and velocity, demonstrated 
their capacity for polarisation, and the transverse 
(‘haracter of tlieir vibrations. In other words, 
he proved, to quote Helmholtz, that ‘Might 
consists of electrical vibrations in an omiii- 
pr(;scnt etlier which is at once an insulator and 
a magnetic medium.” 

Hertz and a New Conception of 
Light. Hertz w^as the favourite and most 
distinguished ])upil of the illustrious Helmholtz. 
His work, together with that of Clerk-Maxwell, 
has established a new conception of liglit — 
which the nsUure of our own sensoiy organs 
makes it diflicult for us to appreciat<? fully. 
We must try to think of light as a man would 
tliink of it who liad a(;quainted himself with all 
that is known upon tlie subject, but hn.d been 
lx»rn blind. Knowing light by means of many 
of its manifestations and propt*rties, but not by 
m<*ans of its eff(*ct upon the retina, lu; would 
have just such a conception of it as we leave 
of the Hertzian wave's. In other words, we must 
assure ourselves once, more, firstly, that what 
w<‘ call light has been provcsl, by every means 
of proof that can lx; asked for, to lx; nu'rely a 
few notes picked otit for our immediate con- 
sideration, in eonsequence of the chemical 
nature of our eyes, from a great gamut of 
vibration with which the universe is filled ; and 
see-ondly, that thes(; vibrations are capable of 
interpretation in terms of electricity ami 
magnetism. 

'riiis is all very well ; but let us s(H* how it e lT(;cf s 
our conception of the wave tlu'tny. 'riie best and 
sim{>l(‘st analogy to a wave* of light is to lx* 
deiivcfl from a rope alliM'lied to a liook at one 
end and lield in llie hand at tJie other end. 
To such a rop.; wavtjs can n^adily bo imparled ; 
tlicy seem t(' run along it. and rc'turu. But, 
in point of fact, if wc were to investigate the 
motion of any parti(*le in the rope, we should 
find that it was moving up and down —in other 
words, at right angles to the line of propagation 
of the wave*. Such a wav<*, then, would tjuite 
strictly correspond to a ray of polarised light. 
A ray of unpolarised light might then be con- 
ceived «as consisting of the similar and simul- 
taneous motion of an infinite <u’ indelinito 
number of ropes, all vibrating about the same 
axis, but all in different jrlanes. 

Light a Process, not a Substance. 

This loads us into difficulties, because it seems 
(|uite incompatible with our notion of tho 
ether as a (continuous solid. [See page 03tr.] 
But now wi; must ask ourselves whether tlx; 
clecdromagnetic theory of light does not require 
that we should abandon our simple physical 
analogies derived from ropes and tho like, 
Possilrly in so doing we mjiy rid ourselves of 
some contradictions. Our best plan will bo to 
follow Maxwell himself in this matter. 
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In what he calls a brief summary of the evidence 
for tlic undulatory theory of light, Clerk-Maxwell 
first of all infers from the fact of interference that 
“ light is not itself a substance. . . . Wo 

cannot suppose that two bodies, when put to- 
gether, can annihilate each other ; therefore light 
cannot be a substance. What w^e have proved is 
that one j)orlion of light can bo the ex/xet opposite 
of another portion. 

“ Among x)hysical quantities,'’ Clerk-Maxwell 
proceeds, “we find som<^ Avhich are cfipable of 
having their signs reversed, and othets which are 
not. Thus, a displac<Mnent in one direction is 
the exact o]>posite of an equal displacenumt in 
the opposite diretrlion. Such <piantitics are the 
measures, not of substances, hut always of pro- 
cesses taking j)laee in a substance. We thertdore 
eoncludt^ that light is iu)t a suhstanee, but a ])ro- 
<*oss going on in a substance, the j)roeess going on 
in the lirst portion of light being always tht‘ exact 
opposite of the })roccss going on in the other at 
the same instant, so that when the two portions 
are combined no process goes on at all. . . . 

Wo have determined nothing as to the nature of 
the process. It may be a displac<‘ment, ora rota- 
tion, or an electrical disturbance — or, indeed, 
any )>hysieal <iuantity which is capable of assum- 
ing negative ^HS well as positive values. Wliatever 
be the natiu'o of the process, if it is capable of 
b(dng expressed by an equation of Ibis form, 
th(^ process going on at a fixed point is called a 
vibration. . . . When wv eont<‘mplate the 

different parts of the medium as going through 
llie same process in sue(;essioii, we ns(‘ tlie word 
iindulntorjf to d(‘nott‘ this character of the process, 
W'ithout in any way r(‘strieting its j)hysieal 
nature.” 

The Nature of a Wave. The reader 
must pay the utmost attention to the last 
phrase. It will pr<*pare us for what w'e are 
about to see— namely, that our illustration of 
tlie rope is only an illuslratic)n. As lung as our 
notion of a wave is d( ‘rived from any of tlio waves 
W(‘ know, we shall have no choice but to think of 
a wave of light as a displacement — that is, as a 
movement of certain ])arts of the ether. This 
implies that the ether is discontinuous, and leaves 
us h<.>pelessly muddled and without any ])rosiM‘et 
of ever forming a concept of the ether that will 
satisfy all our requirements. 

'^rhe original view of the wave tlieory was 
that a w'av(‘ of light consists of a movement 
of the medium. We must abandon this 
altogether. Furthermons wo nui.st abandon 
iuitirely all our preconceptions as to th«^ 
meaning of the word ware. To dv fine, (he term 
somewhat loos(dy, we must tliink of a wave 
as no more than a recurrent />7'ocr.s,y. We must 
cease altogether to think of a wave of liglit as 
constituted of sometliing which is moving up 
and down or from side to side. We are very fai 
from a8S(*rting that when we abandon this eon* 
ception, as avc must, w<^ shall bij able to replace 
it by what Descartes would have called a 
“ clear and distinct idea ” of a wave of light. 
But, at any rate, we shall have travelled a 
little nearer towards the truth. 


Clerk-Maxw'oll jToints out that Faraday pre- 
dicted, in a remarkable fashion, the discovery 
that one and the same medium is concerned 
in the propagation of light and in electro- 
magnetic phenomena. Faraday, like Clerk- 
Maxwell himself later, was very much con- 
cerned to oppose and disprove the really 
ineonceiv/ible notion of “action at a distance.^’ 
He found himself compelled to believe, after 
studying the magnetic force, and the general 
charaettT of magnetic phenomena, external to 
tlie magnet, that the luminiferous ether is in- 
volved in the transmission of the magnetic 
force. Such an action,” ho says, “ may be a 
function of tlie ether, ftir it is not unlikely that, 
if (hero lie an ether, it should have other uses 
than simply the eonvoyanco of radiation.” 
'This prediction of Faraday’s has lH.‘en most 
w'ond<*rf Lilly verified, as w'o sliall see. 

Faraday's Work. But we have had 
oeeasion to refer to few more remarkable men 
than Faraday, and a brief discussion of his life 
must be included here. He w^as Ijorn, the son of 
a blacksmith, in 1791, and died in 1807. When 
he W AS tw<‘nty*ono years of age he w^ent to 
hear Sir Humphry Davy lecture at the Royal 
Institution, and the result of s<‘nding his notes 
of tlie.se lectures to Davy was that he was ap- 
jiointed laboratory assistant there. Ho remained 
and worked in the Royal Institution during the 
remaining fifty-four yonrn of his life. His first 
work was mainly elaunieal and extremely inte- 
resting ; most notably, however, perhaps, Ijoeause 
a new' kind of gl.iss, wliielihe then discovered, later 
enabled liini, wlieii he ])laeed it in a magnetic 
fi(‘l<J, to discover the rotation of the plane of 
polarised light under these conditions. I^ater, 
Faraday worked at electromagnetism with tlio 
gr<‘atevs( .success, and in 18.*H he made what 
('lerk-Maxwell calls the “ (U’OAvnirig disco veiy ” 
of the induction of electric curriaits. 

Magnetism and Polarised Light. Four- 
teen years later he discovered the clTeet of magnet- 
ism on p('kri.sed light. We may quote )>art of his 
note on this discovery, especially because the 
last ))art of it has been so fiinazingly verified : 

“ Heavy glass was experimented with. It 
gave no etTeet.s wdien the same magnetic poles 
or the contrary poles w'cre on opposite sides (as 
regards the course of the polarised ray), nor 
wJien tlui .same poles w'ere on the same side, 
eitb.T wdtli the (‘onstanl or intermitting current. 
Rut when contrary magnetic poles were on the 
.same side there was an olTeet produced oil the 
polarised ray, and thus magnetic force and light 
were ])roved to have rc'lations to each other. 
This fact will most likely prove exceedingly 
fertile and of great value in the investigation of 
the conditions of natural force.” 

Faraday excelled in the presentation of science 
to ptiople without scientific training, and notably 
to children. His scientific work shows liim to 
Iiavc Iwen posse.ssed, in the highest degree, of 
the scientific spirit which seeks to follow truth 
wherever she leads. He was an earnest member 
of the small Christian sect who are known as 
Sandemanians. 


Continued 
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DRAFTING INFANTS’ CLOTHES 

Group 9 

DRESS 

Drafting and Cutting out Baby Bodice, Day and Night Gowns, 

27 

Princess Day Gown, etc. The Short-K:oating Set and Pelisse 

• llll > lOI’HIMi 


coiitliiiifd fi'oiu paiif :i74il 


By AZELINE LEWIS 


VJT/E have now to deal with tlie drafting for the 
^ various garments illustrated in the last 
article. Eor the first us well as the seeond, or 
short-coating set, the following may he taken as 
good average measurements : 

Chest, 20 in. to 22 in. ; neck, 10 in. to lOi in. ; 
wristbands, 0 in. to 7^ in. 

The long clothe.s should not exceed 30 in. in 
length, and may with advantage be shorter. 
No turnings are allowed on the following draft- 
ings ; I in. should therefore be added for hems, 
J in. to i in. for each tuck, if required for orna- 
ment, and ‘J in. at seams and elsewhere. Very 
much fulness is 

not advisable for ^ ^ 

a 11 infant’s 
garment, unless 
the material be 
very thin and 
light. 

An Infant’s 
Bodice. No. 8 

gives the draft- 
ing of an in- 
fant’s bodice, 
wbieh will suf- 
tieo for that of 
the long tlanncl 
))(qiicoat., robe, 
night gowns [sei 



DRAFTING IJfF.ANTS BODICE 


and yoke of the day and 
diagram 1, ])age 3745]. The 
single row of broken lines indicat <‘S the direction 
to be followed for the strap bodice 
of the first long flannel, while the ^ 
double row show's the method of 
obtaining the yoke, lialf of which 
is show'll ill the sam<5 diagram.' 

ISee Oress.wakini} for Blouse 
Cutting.] 

A to B and i* to D are lOj in. : ^ 

A to 1) and B to C, S in. ; B to 
E and A to E, 1 J in. ; B to I , 

2.J in. ; A to O, 1 in. ; (4 to FT, 

2] in. ; C to J, 1 in. ; J to K,a 
little longer than front ; L to M, 

3 in. Shoulders, 2.J in. These 
sliould extend to just above the 
line F E. If itiquired fuller, 
simply add on an inch or so to 
centre front and hack. Ke- 
inomhcr, too, that a healtliy 
baby grows at an extraordinary 
rat(', so that the garments should 
allow for expansion. The arm- 
holes should b;i quiti? loose, and 


sloped out, and, indeed, for an infant, this is 
scarcely necessary [91. 

With the aid of these two patterns, nearly all 
these little garments can b(‘ obtained, the skirt 
portion in eaeli ease consisting of straight, oi* 
very mochn’ately sloped, widths from 27 in. to 
32 in. in leiigtli, the former being quite long 
enough. For th(‘ long flannels, 14 yd. of Hannel, 
3() in. wid<*, should sufhee for one garment. This 
can be taken lengthways, and tin* b in. strip torn 
off at one sid(‘, allowing for tiu* bodice*, which 
shoiihl be double tlannel. If only 27 in. wide, 
the*!! IJ yd. will be required, two widtlis being 

u»‘cessary for the 
skirt, each 27 in. 
long, the re- 
maining I yd. 
being for the 
bodice. The 
1 ‘dges may la* 
either lH‘mnK*d 
or festooned. 

Day and 
Night Gowns. 
For the yoke day 
and niglit gowns, 
the front and 
hack skirt widths 
are shaped as in diagram 10, and .sloped out a 
little for the undi'r part of armhole. For the 
nightgown, 2 yd. should he enough, of wlii<*h 
one Avidlh, and a half torn 
lengthways, an^ re(|uired for th<* 
skirt, the remaining half-width 
sufHi-ing for tin* yoke (Avhich is 
double), sleeves, and hand. Tin* 
daygown will n'lpiire *2] yd. 
to 2.i yd., as this must he 
fuller and longer, to allow' for 
liein, tucks, and ornamentation. 
Wide, embroidered, tuek(*d and 
insi'rted flouncing can, however, 
be bought by the yard, which is 
iniieh used for rolx'S and day 
gowns, saA'iiig miicli work. If 
this he enq>loyed, I J yd. to 2 yd 
arc, (‘iiougli foi’ the skirt jiortion. 

Tile Kmpire robe is niad<* 
(‘ithcr of silk or cambric, and 
is cut from tlie bodice and sleeve 
})att<“rns sliowii in diagrams 8 
and 9, the material Ix'ing tucked 
and in.s(‘rted as required before 
rutting out. Yokes and bodices 
can, how'cver, now he bought 
’^riie skirt consists of two or mon; 



9. BODK^E SI.EEVK 


not less than 9 in. round. 

The Si^eeve. A to B, and C to D, 5 in. ; ready-made. 

B to C, and A to D, 10 in. ; B to E, 3 in. straiglit widths, lucked and ornamented a.s 

The under part should only be very slightly desired— this being baby's smart gown. 
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10. DAY OH NKDIT (;0\VN 


sup Skirt and Head Flannel. Tko 

slip skirt is tn.'ido in exactly the sann* way as the 
last, without the 


diagram, and the double front portion is cut as 
indicated by the broken lino, the paper being 
folded back for the centre lino marked B, C, E, 
and G. 

Tf required without sleeves, the back neck 
sliould fasten over the front and the armhole 
portion must be very neatly bound with soft 
ribbon [ 11 ]. 

The Hlkkvk. A and B, and C to D, 8 J in. ; 
B to (k and A to 1), 11 in. ; B to E, and A to F, 
5 in. ; A to I, in. ; and B to J, 3 in. G and H 
are midway i)etweeii last points. The notches 
correspond with tho.se of bodice and must not 
Ix' forgotten [ 12 j. 

The .skirt portion i.s similar to tho.se already 
mcntif)ned. This pattern will do equally well 
for a iughtdres.s, with the addition of lace edging 
ancl more ornamentation. It may also bo made 
to f£i.stcn down the centre of front if preferred. 

Nightdress. Diagram 13 is an extremely 
simple pattern for a niglitdross ; it is rut all in one 
])ieee, and fastens up at the centre-front, or at 
the side, as wished. A to 15, 1 1 in. ; B to C, and 
A to 1), 28 in., or longer if wi.shed. A to E, 5 in. ; 

E to h , I in. ; F to G. 


hodi<'<‘, eth(‘r of earn- ^ 

brie, lawn, or silk. Jt 

can he Irimnu'd as 
elaborately as desired, , 

and is seeur(‘d by a ^ ' ~ — 

band, whilst two soft N, > 

ribbon strajis pass 

over the shouldeis ^ . 

from the hack, to lie 

fastened to the waist 5 . / 

*in front. This skirt / 

may he made to slip oi - i u 

on over the head, hut ouakttng 

a hettiu' uay is to 

make it fast<-n ('ither at the sid<* with two or 
more soft satin hows, or to foUl it Avell ov'or at 
the hack without any fastenings at all. The 
pattern in any ease is the same, except that 
for tlie last a little more fulness must he allowed 
Avlien cutting, to alhnv for folding over. 

The head Haimcl has 

— tt already been men- 

[ \\ * tiofied. The best way 

\ \' • to make the casing for 

1 the ribbon at the luvu I 

' J / part is by means of t ho 

/ I faiu y stitches shown in 

/ . ihagrarn 5. 

/ ^ Q The succeeding dia- 

/ ^ /grains show how to cut 

/ I E out the hygienic set 

/ ^ I ^ depicted in diagram 3. 

/ ^ I § Bodice for Long 
/ ^ ^ Flannel. A to B, 

/ ^ and C to D, 11.1 in. ; 

/ ^ ^ B to 0, and A to 1), 

/ / 7.Un. ; B to E, and A 

/ / to F, 4 in. ; G and 

/ / H, midway between 

/ / these last lines, t is 

l_ / i in. above line A B. 

^ The other measimes 
13. NrQHTDRE.ss are marked in the 


L-,’ a b ill. ''I’he sleeve i.s 

— curved .slightly from 
/ f ^ ^ \ F to G, l)Ut this is 

/ r \ "P'ionn'’- 

^ T ' ^ . \ <‘aTi be made nearly 

' / \ straight. The noek is 

/ FRONT \ 10 12 in. 

- - ^ o\/£R \ round. 

^ It can also Ixs made 

^ doulile-brc^asted, as in 

S the diagram ; but in 

|c this ease back and 

.ONO FLANNEL front mu.st 1)0 cut 

separately, the (‘xtra 
portion following the shape of the broken lines, 
in this last shape the sleev(‘s are Ix'tter left 


/ /veCM v/ 



13. NrQHTDRE.SS 


12. LONG FLANNEL SLEEVE 
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open at the top edge and fastened 
with narrow ribbons, Avhile the 
edges should be iinished off with / f 
festooning. / 

Princess Day Gown. Diagram / T 

14 gives the drafting of the Princess / /I 

flay gown shown in 2 . This, like / / 1 

the foi'iner, fastens over at the / / ' 

side, and is put on exactly in / jl ^ 

the same way. The fastenings in / ^ 'i 

this set should he alternately /k, h « 

arranged for right and left. U 

Thus, if the long flannel fastens ^ u 

to the left, the gown should fold K N 

over to the right, and vi(ie versa, ' » I 

a matter which is quite easy to / 
arrange. Tliis frock can be cut / ^ 

from the bodice- pattern [81 by / i^l 

sloping out the underarm seams / 

for the necessary w'idtli. A, B, C pi j 

and D represent the back, D, K, 

F, O and -TI the side-front, the princes® 

remainder representing the ful- 
ness for front, the yoke of which is cut from 
the bodice as indicated. Both this and the full 
front are placed to a fold in the centre. The 
trimming of this robe is a matter of taste. 

Diagram 15 shows 

how to (iut the square f ^ 

kimono [4^] which is \ 

too simple to need \ 

further explanation. Tlie y 

ribbons arc to tie it i 

round the arms. The 

iu‘ck is a circle about ; \ ^ 

4 in. in diameter. Dia- i 
gram 16 illustrates the 
method of cutting out 
the (Mrcular kimono 
in 4d. 

A to B, and C to D Izijl 

arc •>() in. in length. A 10 ciRcui 

to E, in. ; E to F, 

.‘1 in. ; B to G, 0 in. The collar is cut from 
the nock portion IhnM^ or more inches wide as 
<l 4 sired, whilst tlic remaining measurements are 
given in diagram. 

In diagram 17 we have the little tea-jaeket 
or outdoor coat shown in 4&, wliich is cut 


14. PRINCESS DAY (lOVVN 


16. CIRCULAR KIMONO 


15. SQTTABE KIMONO 



^ from the bodice of 11 , being pre- 

. fcrable to the round armholes. 

\ Should the latter, however, ho pre- 

Y ^ f erred, the bodice [ 8 J can 

\ \ utilised in the same way by allowing 

\ \ extra fulness at front, and side. It 

\ \ could be als(» madt; with a yoke, 

\ and the knver part pleatecl or 

\ Vi gathered on to it. The broken lines 
I show the ^vay in which the pattcTii 

\ Vl of 11 is to lie arranged. Tlie 
\ sleeves for both have already 

I given [9 and 12 ], but in each 

\ \ M Ihey should he much fuller, 

\ as this coat is designed to go on 

:\ \i \ over the other garments. The 

q l'« \ length and trimming are also a 

M 1 .^ \ matter of last about 8 in. being 

\ \ \ a fair average for the former. 

\ \ i Diagram 18 shows tin? inetliod 

c' of cutting out the (^loak in 4, 

D \v (lovvN M^hich is cut on the same lines as 

the tea-jacket just mentioned, 
with the wide armholes and .sleeves extending to 
the neck. This shapt*, however, ean easily be 
formed into an ordinary sleeveless cloak by 
cutting it with aV at the neck part, as shown 
^ by the broken line 

~tT — • ) — betweem the armhole 

I lin(*.s. Roth capes are 
shown on the same 
\ diagram, but must, of 

(‘ourse, be (kafted sej)a- 
y-' V i*at<*ly. 

5 '*^ ^ lo B, and (.1 to D 

K / :v are 41 in. ; B to 0, and 

1\ / A to 1), 38 in. ; B to 

A \ F, and to F, 20 in. 

M The sleeve t>poning is 

0 in. to 7 in. ill diiptl). 

. j/- ' For tin? cape, G to If 

„ J'-od I i>< -0 in., (ji to J 

and K, 3 in. Pivot 
from G to TI and I for the outer eirele of eap{‘, 
then cut tlui neck as shown, and the upper one, 
or collar, from this. metliod of cutting tlu^ 

sleevi^s is shown in 12 . 

Note that this cloak (an be made with a 
yoke if wislicd— a litt le rouudcxlone for preference 
— which can be eat from 8 . In this ease the 
low(*r portion is gathered on to the neck, and 
would not be cut up to it . For this cloak .3 J yd. 



17. TEA-JACKET 



Duels 



SHOUT-COATING ST?T 


uf 44*in. floods are rcHiuirod. If Ic^ss than / 
44 in. wide, divide as shown by tlie j * 
broken line, and allcjw nearly double the 
quantity of material. 

Short«coating Set. The, op. Tat ion ^ 

of .short-(5oating is now nevcu’ d(*i jrrc'd t! 

beyond three inonllis, and may take 

place before this period, whilst some ^ ^ 

bal)ies, wliose mothers are ^ 

pro^jfressiv'e, Iiavc; never ^ 

worn long clothes at all, ' 

and liavc^ never sutferc'cl 

from the omission. \ 

4’Jio garmc'iits themselves v 

differ very little in shape* 20 

from tho lo.i« otios oxo.-pt kniokebs 

in length and si/.e ; the 

bodices in nearly all cases being larger, which. 

however, is (]iiito an easy matter to arrange 

and nc'cds no explanation [19]. 

Some? additions are ncM’cssary, however, and 
these include the pilch, or first drawers, and 
several dainty ))iaafores ; h and d show two 
shapes of pilch ; c the .small petticoat, a the 
jielisse, and e. the frock. 

Wien the laundry bill is a matter of no 
concern, pinafore.s are often nc 'cr irsed at all /r, 
for the first few months, the child always being 
dressc‘d in fresh, white frocks. 

Diagram 20 shows the first drawers, which in 
the' new baby’s wardrobe would be of flannel, 
but in others of caniliric or fine longcloth, in 
each case with the lc.^g- openings bound and 
trimmed wuth lace. 

f’c) draft the pattern, make A to B, and C to 
D, i;i in. ; B to C, and A to D, 16 in. ; G toE, 
and D to F, 5 in. ; F to O, and O to I, 3 in. ; 

G to H, a little more. Tlie broken line on q 
father side of G and H shows tho portion to be 
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hollowed out between the legs to give a little 
more shape here for the next size ; but for the' 
very first stage this is not necessary. Half a 
yard of 36-in. flannel is required. Some people 
prefer the pilch made w'ith the points extending 
np to, and fastening to, tho waistband. This, 
however, is a matter of taste, and it is quite 
easily managed from the same pattern, as 
shown by the broken lines in tho diagram. 

A pair of stork pants should also be added to 
the list. These are much the same as those 
shown in the diagram, but are made of thin 
waterproof material. 

The Pelisse. The pelisse can be cut 
from any of the form r iiatterns, and should 
extend from 1 in. to 3 in. below tho feet. 

At tho crawling stage a pair of loose drawers, 
or a cTaw4ing suit, wull be fouhd very useful for 
keeiung the petticoats clean and cloing away 
with fr(*qiient changes. The latter is cut 
somewhat similar to the combination illustrated 
in the next article, but somewhat fuller in the 
legs ; whilst for the former the drawers portion 
of the small chilcl’s divided garment may bo 
taken as a model, the knee part being 
gathered into a band instead of left loose, as 
shown in the .sket(‘h. 

It is inb‘rred that tlie reader has .followed 
the preceding Courses on UNi)ER(?LOTHTNG 
and Dukssmakincj. Any details in the 
\ making of these garments apparently omitted 
\ B from the.se lc.ssons wull be 

5 found to have been jjrc- 

viously described. Speaking 
generally, when once the 
y nuiinients of plain needle- 

V work and the drafting 

sy.stem have been mastered, 

it is merely a qu(;stion of 

adapting tlu^ patterns to 
the garment .s required. 

Lie Continued 
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By J. CUTHBERT HADDEN 


•^THE organ is known familiarly as tho King 
of Instriiincnt^. Tt deservos the name 
alike as regards its compass, its powerful 
dimensions, and the space which it occupies. 

Nature of the Instrument. In incei>- 
tion, at least, it is one of the very oldest 
of musical instruments. Such, too, is the 
flute, and, as Sir John Stainer has conclu- 
siv(Jy shown, the history of the organ is 
nothing more than a narrative of the (‘tTorts 
made by man to bring under the control of one 
})erformer a large number of flutes. Not 
flutes of the modern orchestral type, blown 
at a hole in the side, but flutes with a mouth- 
})ioco, very much like the familiar penny 
whistle. There is little difTerence between 
a penny whistle and an organ pipe, and 
if you think of the primitive organ as aii 
instrument in w'liich sov(.Tal penny whistles 
were brought under the control of one per- 
former, you will have a good idt^a, to start 
with, of the evolution of the “ King of fii- 
strtiment.s.” 

First, they stuck several flutes over a 
w'ind-chest supplied by bellows ; then, 
gradually, they added more and more flutes 
in the form of real organ pipes. A keyboard 
naturally followed. Before its invention, the 
pipes (say, the flutes) were “ made to speak 
or lie silent at the will of the player by pulling 
backwards or forwards pieces of wood, the 
ends of which either closed up the foot of 
a pipe or allowed the wind to enter it,” This 
was a slow’, clumsy business. The first 
keyboard (about the end of the eli‘venth 
century) was not quite so slow, but it was 
nearly as clumsy. The keys w’ere so long that 
five of them took up about the space of eight 
on the modern keyboard, and the player had 
to hit them with his closed fist or press them 
down w’ith his elbow, so that he was called not 
the organist, but the ” organ heater.” Or- 
ganists of tho.se days required the muscles of 
a blacksmith. 

Construction. In time the keys were im- 
proved until they became practically what 
they are to-day, except that where the keys 
are now white they were black, and where they 
are black they were white. Keys for the 
hands w’cre subsequently (fifteenth century) 
followed by key.s for the feet, w’hieh, in the 
modern pedal boards as it is called, are one of 
the essential characteristics of the pipe organ. 
Reed pipes {to be explained later) came also 
in the fifteenth century, and inventions and 
improvements went on with the progress 
of time until now, in the organ of to-day, w^e 
have one of the grandest and most complete 
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of all musical instruments — the veritable 
“ King." 

To explain tins (•onslruclion of this “ in- 
struincnt of instruments ” with any minute- 
ness would oecu})y a vast amount of space. 
The student should try to see an organ in 
actual process of ‘‘ building.” No amount of 
printed matter can eompete w ith such a lesson 
as that, and in(h‘ed, the modern organ is so 
compli<*ated a piece of mechanism that it is 
very <liflioult to make its details clear on paper. 
Broadly speaking, these details go into the 
following divisions; (1) Th(‘ apparatus for 
collecting the wind — that is to say, the bellows ; 
(2) nu'ans for distributing the wind — the 
Avind trunk, the wind chest, and the sound- 
board grooves ; (3) the mechanism for playing 
the instrument the keyboard and the 
key movement ; and (4) the mechanism for 
controlling the use of the tiers of pipes — viz.^ 
the lira W' -stop action. 

The Mechanism. The bellows requires 
no explanation. Its primary function i.s to collect 
tlie w’ind and to send it forw ard by means of the 
wind-trunk to tlie wind-ch(‘st, wliore thi*. wand is 
directly drawn iq)on as required. This wind- 
chest runs the whole length of the sound-hoard, 
iqioii which the various tiens of pipes are stacked ; 
and in it are located the little contrivanoe.s 
called jxtUdM, which prevent the wind getting 
further until they (the pallets) are operated upon 
from the keyboard. 'J’jiis brings us to tlie key- 
action. The pallets are, of eour.se, a long- way 
beyond the player’s reaeli, but they are moved 
instantly by rods connected with the tail of the 
key. 'Fhe action is simple enougli in its operation, 
though it involves the usi* of three or four separate 
pieces of mechanism — tlie sticker, the roller and 
tracker, and Mu^ pnll-dnyii, to use the tech- 
nical terms, iiy tlie draw -stop action th<^ player 
is enabled to bring into use or shut off any 
particular set of pipes. If it w’cre not for this 
action, all tliese sets of pipes would always sound 
together, just as they do when th(^ organist 
pulls out every ” knob ” in his organ. Every 
separate set of pipes Jias heiicath it wliat is termed 
a .slider. Tiiis slidi.^r is perforated w'ith lioles 
corre.sponding with the mouths of the iiipes. 
When the slide i.s “ open” the holes are exactly 
beneath the liiouths of the pipes ; when it is shut 
(by the draw-stop), the wind is cut off, and the 
pi|K\s are necessarily sikuit. In short, to quote 
a musical dictionary maker, “ the pulling out of 
the draw'-stop rods in front of the organ so far 
admits the wind to the pipes that it is only 
necessary to press down a key, which opens a 
small valve, to make the pipe connected with it 
speak ; the pushing-back of the register-rod 
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(the whole rtwc(^]) of the movement is only about 
an inch) silences the stops. ’ Here, in brief, 
is tlie mechanism of the modern orj'an. But, 
after all, one feels the explanation to be so s^ully 
futile that he comes back to tlie originally- 
suggested advice: see an organ in actual process 
of construction. 

The Piano as a Substitute. Now, 
tluTc ai‘(^ peculiar ditticuliies about the study of 
the organ. You may buy a clarionet or a llute 
and carry it home in your j)ocket. A violin easily 
goes into a ]}ortable. case. A piano is a r(*cognised 
])ieco of liousehold furnitiinr. But you cannot 
carry about an organ ; it cannot readily be s(‘t. up 
in an ordinary sized room. You liiul it in the 
church only, and you have to make a variety of 
ai rangeinents before y(Ui can enjoy your }n*acti(;e 

>-f ak(‘ lessons from the organist, engage a blower, 
perliaps l)argain with llu* eJiurchw'ardtuis or 
manag(ir.s, and so on. Hen(‘e it lias to lx* admitted 
that it is hardly possible to study tlie organ with- 
out calling in the aid of the instructing, living 
organist . Tt is only through him, as a rule, that, you 
can get. at an organ, thougli, in T..ondon, at least, 
the student can always command tlie nsc of a prae- 
lice inst rument at a moderate fee. Neverthele.ss, 
if one is oixv.e fairly grouud(‘d in the elements of 
organ-playing he may continiu? his study unaided 
as easily as the violinist or the pianist. He may, 
perhaps, obtain a church appointment where the 
modest salary is in keeping with his inodc'st 
abilities. Thus he will have an organ at his 
sole command, by which he can readily advance 
to the heights which the great men of the organ 
world have won and keyit. 

Then, as already hinted, you may hire an 
instrument by special agreement. If you do 
not know of any such instrument, advertise 
for it. Then? are churches which hire out their 
orgiins to students as a means of reducing a 
debt that rests on the instrument. Finally, 
you may have a pedal attachment fixed to your 
piano. The “ foot-keys,” remember, arc the 
essential cliarcact oris tic of the pipe organ. The 
manual keyboard of the organ is tJie same as 
the keyboard of the piano ; which means that 
you ciiu “ get up ” all your organ music on the 
piano — except the part for the feet. For this 
latUrr you must add to your piano a set of pedal 
keys. It is a simple matter, though it will 
<;ost you a ((*n-poiind noti? for a good and 
reliahh^ piece of mechanism. But think what 
you gain ! You can practise your organ studies 
whenever you like. You do not require to go 
to tlie chiircli every time you want to “ run 
througli ” a Bach fugue or a Abmdelssolin 
sonata. You save the cost of a blow’cr. And — 
you adil to the certainty of your execution ; 
for a mistake on the piano is much more easily 
<letecU‘d than a mistake on the organ, and on 
the piano you must hit a pedal note ” clean ” 
or you w ill know' it ! 

Necessary Preliminary Technique* 

Whenever po.s.sihle, get at the organ itself ; 
when that is not possible, the best available sub- 
stitute is the piano with the pedal attachment. 
Bu' it is, at lx?st, a makeshift ; a supplement, 
as Ji were, to work at the keyboard within the 
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church walls. And here another point suggests 
itself. Keyboard study should never be begun 
with the organ. It is a wuste of time. If you 
cannot play at all, do not dream of attacking 
Ihe king of instruments until you can at least 
|)lay a little. In the words of Sir John Stainer, 
an organist “ should not eommenoe his practice 
on tli<* king of instruments until he has a thorough 
know'ledg(‘ of musical notation, can read fairly 
at sight, is able to ])lay all his scales evenly and 
rapklly on the pianoforte, and, above all things, 
can carry his hand in a g(H)d position while 
playing chords and scales.” For giving elas- 
ticity of action to the fingers and wrists, for 
forming the position of the hand, and for training 
tlie tuueh, the ])iano stands unrivalled. As 
Stainer insists, all this ])ortion of an organist’s 
work (and it is a most important 
should he done at tin* piano. Tlie point must 
be emphasised. When you liave to hire out 
a.n instrument, and perhaps to pay for a blower, 
it is out of the question that yrui should sit at 
the organ doing that whieh you bad far better, 
and with no financial outlay, do at the piano. 
So, tlitm, do not be in a hurry to get to the 
organ itself. Learn, first, to play a little on the 
keyboard — t*itlier th(‘ keyboard of the piano or 
the Ijarmoniiim, the former by decided pre- 
fer(‘ncc‘. "J’hen, when you sit down to the organ, 
insU?ad of having to play scales and finger 
exercises, and pieces of ” absurd sim])licity,” 
you will be able to attack at. once the peculiar 
difficultit^s of the instrument, which consist, 
iNssentially, in the combination of playing wuth 
hands arul feet. 

Difference in Organs. Having cleared 
the w^ay of all preliminaries, let us sup- 
pose ourselves seated at the organ, ready 
to begin actual work. With the instrument 
thus before us, new' points for explanation 
confront the instructor, for an organ is not 
like a piano. Kougbly speaking, there is 
nothing to explain to the voting pianist about 
liis instrument but the keyboard and the loud 
and soft pedals. Tlien? are dozens of things 
to exjilain about an organ, to say nothing of 
tli<‘. fact that no two organs are alike, as all 
pianos arc essentially alike. For example, we 
may imagine ourselves seated at an organ with 
two or three or even four keyboards ; with .a 
dozen slops or live dozen stops ; with a straight 
or a radiating, a flat or a concave pedal -board ; 
with a ” balanced ” sw'ell pedal, or an old- 
fashioned jiedal fixed by a notch. The “ action ” 
of one instrument may be tracker, that, of another 
pneiimatie, of a third electric, and so on. There 
is, in fact, no end to the diversities of organs. 
For the student’s purpose, however, it will be 
enough to take the essentials, and leave the 
dilTerences for his owm individual attention 
as they pres(*nt themselves. 

Ill the first instance, then, there are the 
inanual keyboards. Organs of tw'o manuals 
are by far the most common. In these the 
lower manual represents the Great Organ^ the 
upper manual the Swell, The names are suffi- 
ciently informing. The Great Organ is so 
called because it includes (or ought to include) 
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all the nobler and more characteristic 8toi>s — 
those of large scale and powerful tone ; while 
the Swell Organ owes its name to the fact 
that all its pipes are enclosed in a box with 
a sort of Venetian blind front, which can be 
opened and closed by the foot of the player for 
the production of crescendo and diminuendo 
effects. When there is a third manual it 
represents the Choir Organ, so calU'd because 
its usual delicate quality of tone was supposed 
to be specially suitable for the accompanying 
of voices. A fourth manual is found only in 
very large instruments, principally in calhodrals 
and concert halls. Tt represemts the No/o Organ, 
the stops in this case being mostly of an orch<*s- 
tral character, and such as are used for solo 
purposes. 

Pedal Keyboard. So much for the 
manual keyboards. Next we liav'c the pedal 
keyboard, an essential feature of every ]upe 
organ. It covers nearly two and a half octaves 
— from CCC to F, to be precise — and its function 
is, through its stops, to provide a suitable bass 
f<jr thf‘ manual stops. There are various kinds 
of pedal-boards, unfortunately. The keys may 
be perfectly straight, or they may be dis[>oscHl 
in radiating form. Either of tlu'se, again, may 
bo flat or they may be concave — that is, gradually 
rise at the extremities. 'I’he student will readily 
adapt himself to whatever kind of pedal-board 
lie has to practise on ; but he ought to seek 
opportunities of playing on pedal -lioards of a 
ditfcreiit pattern, otherwis(*, if he is being tested 
for an appointment on an organ whose pedal - 
board is unlike that to which he has heen 
accustomed, he may t'asily come to grief. Tt 
is a pity that all ])edal- boards arc not alike, as 
all manual keyboards are alike ; since the diver- 
gence exists, the student must make the best 
of it. 

The Stops. Now for another csscmtial 
feature of the organ— the stops. Here, again, 
there are diversities as regards the nomenclature, 
but these are to a large extent minimised by tlu^ 
never-failing uniform practice of indicating the 
pitch of the stop directly below its name. Thus 
one sees “ Bourdon, 1(5 ft.,” “ Oijcn TTiapason 
8 ft.,” “ Principal, 4 ft.,” etc. This requires 
some explanation, though it is very simple. It 
means that tiie longest pipe of the particular 
stop is of the length (in feet) indicated on its 
stop handle. On the pedal tin? 1(5 ft. is the 
groundwork ; on ilio manual the groundwork Is 
the 8 ft., the stops so markeil giving exactly the 
same pitch as that of the pianoforte. *Stops 
marked 4 ft. are, of course, an octave higher : 
those marked 2 ft., a couple of octaves higher. 
Thus, to pul it in a wan'd, the student will under- 
stand that when he pulls a stop marked ‘‘ 8 ft. ” 
he is getting the standard pitch : when he pulls 
one marked “ 4 ft.,” and plays with that alone, he 
will, in effect, transpose his music an octave 
higher. The resultant rule is that he must 
always use the 8-ft. stops as the foundation tone 
of the manuals ; the 16-ft. stops as the foundation 
tone of the pedal. It is from these “ foun- 
dations ” that he must build up. If he wants 
to brighten the manual 8-ft. tone he will draw 


upon the 4-ft. and 2-ft. stops ; if to brighten 
the pedal 16-ft. tone, the 8-fw , and so on. 

The Two Classes of Stops. But 

then there is the question of the individual 
tone-quality of the various stops. That is best 
determined by actual experiment. Still, there 
are certain broad princi])les w'hich are easily 
stated. Organ stops are of two main classes — 
flue stop.s, so-called, and reed stops. The flue 
stops include all the open pipes, siich as are 
seen on the front of an organ, in which the tone 
is produced by a current of air entering the foot 
of the- pi}K! ; whih^ the rc<*d stops owe their tone 
and their name to the vibration of little metal 
tongues, as in th<‘ harmonium and American 
organ. The ” reeds ” are all (uicloscd in metal 
tubes ; the “ flues ” may be either of metal or of 
wood. It would occupy far too much space to 
give a list, with aeconi])anying tone tlescriptions, 
of the multitud(‘ of st()])s found in large organs. 
Nor is such a descTiption at all n(‘cessai*y in a 
work of the present kind. What the student h.is 
to note at the outwit is that he must start with 
th«' S-ft. tone on the manuals and the Ki-ft. tone 
on the pedals. These are his bread and butter t)f 
the instrument, to to spe.ak. As he adv'anees, he 
will w^ant to make ex])eriments for himself — to 
contrast this stop with that other sto]) ; to 
balance one stop on tht? Great w ith another on the 
Sw'ell or (’hoir ; to try this or that stop as an 
accompaniment to the “ oboe ” or the “ clarinet 
to test the “open diapason” on the Great or the 
“ horn ” on the Sw ell as a solo in the tenor octave ; 
to see wliat can he made of the wood stops and 
the reeds in combination ; and to v make a hun- 
dred other ex]>oriments. This is one of tlu^ 
delights of organ study. The stop combinations 
{Mid “ effects ” are endless, and onc(* the young 
player has surmounted his tirst technical diffi- 
culties he should make constant tone-colour 
fipjK'als to his ear with every instrument within 
his r<‘aeh. M«Te book knowledge of organ stops 
is as useless to the player as a book knowledge 
of angling is to the man w^ho w^ould catch trout. 

Manipulation of the Stops. Well, the 
stops arc tFiere — on llu^ right and left of 
the keyboard. As a rule, t^Iien you want 
them individually, you must pull them by 
hand. But it, is not alw'ays either necessary 
or possible to ])uU them by hand, and so 
e<‘rtain mechanical contrivances are made for 
getting them out by the foot. If you look 
below the lowest manual ktyboarcl, just over the 
pedals, you will sec a set of little irons, techiiicvally 
known as “ composition pedals.'’ By means of 
tliese you can force out a iJartieular combination 
(»f the manual stops (sometimes the pedal is 
included), the anangement, as a rule, following 
in crescendo order, from p to //. Tliese composi- 
tion pedals are indispensable for sudden changes 
in power of tone, and the stud(*nt should early 
familiarise himself with their use. But let him 
ahvays remember that he must never sacrifice 
the time or rhythm of a passage in an effort to 
change his stops. “Stops,” says an eminent 
authority, “ should on no account be changed, 
either by composition pedals, pistons, or the 
luind unless it can be done without breaking 
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iho t iint*. or disliir\jing the rhythmical form of 
the music.” 

Swell Pedal. As regards the swell pedal, 
not much need be said at this stage. The raan- 
ageinent of u, crescendtt and d vmi mien (in which thv. 
swell pedal ]>uts at the disposal of th(‘ player is 
not a matter for elementary experiment . For one 
thing, it robs tli(‘ pedal -board of a foot which 
the young player can ill spare. He may get a 
little more expre.ssion, indeed, by Ids use of the 
swell ])edal ; but, on the other hand, it is more 
than likely that he will bungle the performance 
of a pedal pas.sage. Stainer's ndes for the use of 
the swell crescendo and diminmndo oiiglit to be 
impressed on all young players. 'Fluy are as 
follow : 

“ Never use- the swell ])edal unless the ]>roper 
expression of th(‘ music d<‘mands a crcsctnda or 
diminuendo. 

“Never saeritiee the ])roper performance of a 
j)edal passage for the sake of using the swell 
pedal. 

“ lie as careful of the way you let the pedal 
return upwards as of the way you press it down. 

“ Observe carefully the length of the passage 
marked rrfsce7tdo^ and do not get the swell fully 
open till tlui clima.r — unle.ss you are prepared to 
(iariy on the crescendo by adding stops. 

“The .swell crescendo is the more (dfective if 
not used too frecpiently.” 

This should be the student'.s gospel as regards 
the use of the swell pedal. 'Fhe bad player never 
has a leg to spare but he uses it in pumping the 
swell pedal up and down, often with the most 
ludicrous and distre.ssmg effects. 

Position of Player. A word upon 
another matter. Se(i that you are comfortably 
seated at the instrument. Oettasionally the* pedals 
are fixed too low down for the heels to re.veh the 
naturals with €*ase ; sometiiiies tiny arc .set .so 
high that the player’s knees knock against the 
undersid(‘ of the board on whicli tin* manuals 
rest. There is no remedy for these errors of the 
organ builder. But very often you will find, 
whtui there is any discomfort, that a little adjust- 
ment of the height of the organ -stool will put 
things right. Obviously, a six-foot organist does 
not want a seat so near tlie pedal board as a 
Zaecheus of the keyboard. Stainer's is really the 
best test of a good position, and it is this : 

Wlien sedated, lift up both feet and liold them 
just over the jx'dals so that they eould plJfy. if 
required, either on the long or short pedal -keys, 
at the same time liolding both liands over the 
manuals, so that they eould play, if required, 
on any of the manuals either separately or in 
conjunction with tlio feet. 

If the pupil, while in this position, ha.s an 
uncomfortable sensation that he is likely to 
knock his nose against the desk, the organ-stool 
is too far away from the keys or he is sitting too 
near its edge. 

H the p\ipil cannot move his knees freely to 
the right and left, the stool is either too near the 
keys or he is sitting too far on it. 

Much has been written about the right sort 
of footgear for the organist. The matter is 
entirely one for common -sense. The player’s 
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ankles should ha quite free ; therefore, he should 
not wear Iwots. A well-made shoo, not too 
lu-avy nor too slim, with solid, broad heel-pieces, 
and ntdther too narrow nor too round at the toe, 
is what ex|)erienee lias pointed out as most 
suitable. Very thin solos mean an unnecessary 
strain nn the muscles of the foot, and narrow 
heels (such as ladies wear) can never U? quite 
sure of the key. Tlu‘re are organists who could 
])edal in Wi'llington boots, but for the average 
])layer tilin' is nothing to beat the shoo as just 
described. 

Practice. Now it .seems time to begin 
actual work. Tn the way of practice material, 
it would, we think, be unwise to attempt to give 
the .student anything better or more helpful than 
llie excellent exercises Avritlen by men whose 
name.s aie familiar in every household. Ninc- 
t(‘n11is of tlu; organ students of these days 
begin with Stainer’s “Organ Primer” (Novello), 
and tluavatter, if not conjointly, work through 
the greater part of Rinek’s “ Practical Organ 
School,” as edited by VV". T. Best (Novello). 
Nothing could be better for the purpose. The 
Stainer primtu' begins with a large variety of 
simple exercises for the feet, following these by 
exercises for acquiring the characteristic manual 
touch of the organ ; and going on, througli 
graded stages, to th(‘ playing of hymn tunes and 
pieces, ami the more elaborate fugues and other 
work peculiarly associated with the king of 
instruments. Kvery student of the organ should 
found Ids practice on this excellent manual, 
supplementing it, perhaps (if he desinw to excel 
in pedal work), by Mr. G. R. Lake’s “ Pedal Scale 
Studies,” issued by way of supt)lement to the 
primer, by the same publishers. 

Rinck’s “ Organ School ” is hardly less 
valuable. Most of our cathedral and other 
notable organists have been reared on it, and 
its contents have the recommendation of being 
at onee good technical studies and good nmsie — 
always useful to the organist in active church 
work. The “ School ” is divided into six parts. 
It will d(‘pend on the student’s already -acquired 
facility at the keyboard whether lie .should work 
througli the preliminary tliirty-six exeroi.ses in 
two, tliree, or four jiarts, without pedal. These 
exercises are doubtless useful, Vnit they are not 
cbaracteristie, and might .as rveil be played on 
the harmonium or the American oj‘gan. We 
would suggf'st ratlier that, assuming a certain 
teclinioal familiarity wdth pedal and nuinual key- 
boards, a .start, should be made witJi the twenty- 
four preludes in the tw'clve major and twelve 
minor keys, following them up with t hose in the six 
le.s.s usual k(^ys of C 5, O i?, C / major, and G }(, D 
and A minor (Nos. 37 te CC). “ In support of my 
recommendation of sucli exercises,” says Rinck 
himself, “ it may be enough to quote the opinion 
of my ever dear master, the late Mr. Kittel, 
organist at Erfurt (the latest living pupil of John 
Sebastian Bach), who strongly advi.scd practice 
in all the keys. The same course of study is 
also enforced by the father of all organ players, 
the great John Sebastian Bach himself, who, in 
his ‘ Forty- Eight Preludes and Fugues,’ has given 
two preludes and two fugues in each and every 
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of the twelve major and minor keys. An or^an 
player should obtain such facility in mastering 
every key as to overcome every difficulty, how- 
ever presented.’* These are valuable words, 
and the student should weigh them well. When 
ho has conscientiously worked through Rinck’s 

Thirty Preludes in all the Major and Minor 
Keys,” he will be fit to attack almost anytliiiig 
in the way of ordinary organ music. But first 
he must go a certain length through the Stainer 
primer, as is more clearly indicated later. 

Playing with the Feet. The prime 
difficulty with the organ student is that of 
Joatliing to play with the feel. If lie already 
plays the piano or the harmonium, the manual 
keyboards of the organ will be perfeetly familiar 
to him. But it is otherwise with the organ pedal- 
board — the only thing of the kind, '^rhat is one 
of the essential features of the instrument ; a 
feature requiring special study, and better 
attacked at once bc'fore attempting the com- 
bination of hands and feet. Turn, Ihcrefore, lo 
the Stainer i)rimcr, anti look at pagt*^ ,‘>7. 
Stainer’s with tlu^ beginner — and it Is a 

eery good plan — is to make him lind diilVrent 
notes on the jiedals by jp.eling with his toes. I’liis 
is done by discovering the gaps between tlu' 
short keys, corresponding to the open spaces at 
the back of the white k(‘ys of a piano between 
B!> and CJf, and E[7 and P’J. Just so a blind 
man learns to play the organ, and l)ecanse he is 
debarred from looking at his feet, as most sighted 
students of the instrument an? tempted to do, 
ho acquires a <Hinfldenc<^ which proves his in- 
firmity a positive advantage. 

Stainer indicates the gaps between the short 
keys (in their order from the lower end) liy the 
letters U, V, W, X, V^ Z. If you thrust your 
foot into V, the flat of the foot will be over the 
extreme ends of the keys E and E ; if into W, it 
•will be over B and C ; and so on. This is what 
you are to do by way of preliminary practice 
in “ finding ” the notes. Having acquired a 
measure of certainty in locating the keys in these 
spaces, you go on to find the notes lying near t h<‘m. 
For example, you find W with the left foot ; 
then, after feeling the sides of the .^hort keys B ? 
and C5» you draw the foot out and strike B 
firmly “and without hesitation. Stainer gives 
throe whole pages (pp. J8, and 40) of exer- 
cises in this finding of individual pedal keys 
by the “feeling” process. You must work 
through them, cor; ling the pedal to one of 
the manual keyboards, so that the (‘ye may 
come to the assistance of ih<'. ear in deter- 
mining Avhether you arc perfectly right. Do 
not get into the habit of peeping down at 
your feet. That way lies perpetual nerv;on.sne.ss 
as a pedallist. 

Position on the Organ Stool. These 
“ feeling ” exercises mastered, you proceed to 
the practice of exercises for alternate toe.s, 
which, as Stainer remarks, will serve the double 
pur]}ose of rendering the ankle-joints elastic, 
and of accustoming you to the measurement 
of intervals on the pedal -board. The three 
pages of exercises (41, 42, 43) in this form arc 
made to cover practically the entire range of tho 


foot keys. The student will at first feci himself 
a little uncohifortablo as he works down to the 
extreme lower notes or up to the higher notes of 
tho pedal -board. He will be tempted to shift 
his position on tho .st;at to “ get nearer them,” 
a.s .students often say. But he must not do this. 
Tho legs alone must be mad<^ to mt‘(*t the gr(‘ater 
distance eith(*r way. You must keep conscious 
that you are going to Ihe extreme ends, and be 
continually inclining — but only inclining — your 
kne^es and body in that direction. I’liis gradual 
eth^rt will acjcoinplish it, so that no sudden move- 
ment in the required direction will llu'ii become 
nec^essary. You must be particuilar to observe 
that you an; not assisted in this by the hands, 
whether ‘by resting on tlie scat or keyboard 
frame, or by manual playing, for you must 
school yourself to aecom])lish this movement 
without such extraneous aid. But above all, 
you must not shift your position on the seat. To 
do so ups<‘ts that subtle prot^css of half-m(‘ntal, 
half-meehanical measurement of pedal-lK>ard 
intervals which the organist finds .so ('.ssential. 
Fix your position on the seat, and kec]) to it. no 
matter what part of the pedal -board is being used. 

Pedal Scales. Many organ teachers insist 
on their pupils practising a complete s(‘t of pedal 
sc^ales at an (*arly stage* of their studi(*s. For 
students who wish to follow that plan theri^ are 
Lak(‘’s “ Daily Stndi(‘s and Complete Seales ” 
(Novello) {ind Pearce’s “Pedal Seales” (Ham- 
mond). At this stage, iiowever, Stainer's plan of 
scale passages s('ems more ])ractically service- 
able. These passages [see pages 51 and 52] ho 
marks for alternate lo<‘s, the use of the heel Ix'ing 
held over for tho ])res('nt. ’I’he student should 
understand that the system of alt(.‘rnate “ toeing ” 
is always to be prcfcired whenever it can be 
adopted, as producing a “ cleaner ” and more 
certain performance. And lie must furtlier note 
that in this syst<‘m the right foot has always to 
be kept w»*ll in front of tlic left, so that the oiu^ 
may pass behind or the othci’ jiass in front, as 
the east^ may l»e. ’I’lius, supposing you have 
this little j)assage; to play : 



you will place tho l(‘ft toe well back on the C, 
the right toe w<‘ll forward on the D ; the left 
will come up behind the right (tin* heel of which 
is raised a little to let it pass comfortably), and 
strike the E ; and so back again to the (\ Stu- 
dents often get into the habit of huddling the 
feet together n<‘ar tlu; short keys, Avhicli always 
M’oduces a cliiinsy and uncomforlahlc per- 
ormance. In working through the Stainer socle 
])assagcs, then, let the pupil aim osjxuually at 
the acquinunent of facility in p(‘dalling thus with 
alteriiatti toes. One must candidly fidrait that it 
is soimwvhat monotonous playing on the pedal- 
board alone, but lh(^ drudgery is inevitable, and 
must be faced by all serious students of the king 
of instruments. It is sheer waste of'time for the 
mere Ix'ginner to attempt the union of hands 
and feet while ho is still unable to use the feet 
alone. 
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Manual and Pedal Keys. Having 
gained a (jeitain facility in the use of the foot 
keys, the next thing is to altcunpt a combina- 
tion of manual and pedal keys. This sounds 
much easier tlian it usually proves to be. It is a 
c;urious fact, which you may readily demonstrate 
for yourself, tliat the feet g(‘nerally want to go 
the same way as the hands — as the left- hand 
especiall>. An old master was fond of illustrating 
this to his pupils by making thtun write tlie 
(rapital D, with its turn to the left, whih* the 
foot was at the same lime, tracing a half-circle in 
tin* opposite direction - towards the right. The 
student may mak(* test of the letter perfornmriee, 
or lie may try playing this — the upper part with 
the left liand on the manual, the lower part on 
the ])edals : 



If he does not feel that he would like to have 
the feet going in tlu' downward direction of the 
fingers, he may consider himself lucky, fn any 
cas(\ he must aim at complete independence 
between hands and feet, for which specdal purpose 
he will study, as a beginning, the live ex(‘reises 
printed by Stainer on pages 5(1, 57, and 58. They 
are called “ easy,” but the stiuhmt must not feel 
discouraged if lu* finds that they do not answer 
to this deseriyition in his ease. To play from 
three stcaves, the right hand on one manual, the 
left hand on another, and the pedal in a<ldition, 
is by no means ” easy ” to the beginner at the 
organ. 'J’ho best and shortest ^\'ay of getting 
over th<j diflfieiilty is to make sure of the manual 
jiarts first ; then take the pedal part, first with 
tlie right foot alone, and next witli the left 
foot alone. finally, take all three together. 
With regard to the manuals, see that you have 
the tone-quality sufheiently contrasted to make 
each fiart stand out distinctly. Thus, if you 
take tlie right-h.md part on a flute stop in the 
Great, you might take the left on a reed in the 
Swell. It is preferable in the.se exercises to 
couple the pedal to the Great ke\ board. 

Touch. At this point it may he well to say 
something about the manual toueli of an oigau. 
This differs from the touch of a piano in several 
resjx'cts. First, as Stainer puts it, an organ k(‘y 
is pressed down, not exactly striick, as on the 
piano. Next, the loudness or softm^ss of the tone 
is (piite unaffected by the force used by the finger. 
In some organs (those of older make chiefly) 
the touch is abnormally “ heavy ” ; in oflicrs, 
it is abnormally light — so light that the weight of 
a feather will almost make the key sound. Again, 
there ar(‘ instruments in which the touch of one 
manual is different from that of the other 
manual or manuals. In view of this fact, there 
is a recognised rule that the player should adjust 
his touch to the lieaviest manual. If he doesn’t 
d<» this, he is in some risk (when changing from 
the lighter to the heavier manual) of passing over 
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one or more keys without producing any sound. 
On the whf)le, however, the touch of the modem 
organ is a light touch ; and in that respect 
Stainer’s remarks on page 44 are coming to have 
less and less application in actual practice. 

Having mastered the “ easy ” exercises for 
producing indej)endenee of hands and feet, wo 
are now ready to look at the iru^thod of “ toeing 
and heeling ” the pedal- board. This method has 
to l)e called into use on two accounts. First, 
the free introduction of the short keys makes it 
necessary ; and, second, there is the frequent 
withtlrawal of the right foot for the manijmlation 
of the swell pinlal, making sucli a use of the heel 
absolutely inijx'rativ^e. Of course, in many cases 
it is a cpiestion wliether toe and heel shall be 
us«‘d, or only alternatt^ toes. Thus, Stainer 
marks as follows (it is understood that marks 
above the stave mean the right foot and marks 
below the left) : 


O A O O A O 



But there is no reason why this should not be 
played by alternatt* toes, beginning with the left 
foot. The one method is indet^d more eom- 
foiiahle than the otluT. Take, however, the 
following : 



Thougli it is quite |x>Hsible to play this with 
alternate toes, it is much more easily played 
with a combination of tot* and heel : 


O A O 



When both f(*et are free, it is therefore a ease 
of choosing that form of pedalling, as to toe and 
heel, which is most condortable and best ealcu- 
laled to produce a smooth and (•ertain per- 
formance. 

Experience will teach the player many tricks 
of pechilling — will show him, indeed, many 
instances in which a pa.ssago may be most 
easily played by ignoring all the rules. For th(i 
present he will do well to “ stick to Stainer.” 
'Die toeing and heeling exercises printed on 
pages 59 and 00 are sufficiently comprehensive, 
and wiien the student has completely mastered 
tlumi he will have laid the foundation of the 
lM\st possible methods of pedalling. They should 
he followed up by the five valuable exercises 
for giving still ^further independence of move- 
ment to hands and feet. These are in two parts 
only, the left hand being almost solely concerned 
with the manual part. The series of easy trios 
numbered 91, 9‘J, and 93 embody the work done 
up to this point, and will be found an admirable 
test of the student’s progress. These latter may, 
with eminent advantage, be followed by a careful 
study of Albrechtsberger’s “ Twelve Trios,” 
edited by Arthur W. Marchant, and published in 
Novello’s series of Musical Primers. Stainer 
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himself approved of these trios being issued as 
a supplement to his “Organ Primer.” 

Fingering. Up to this point nothing has 
been required to be said about any special method 
of fingering for the organ, Kach hand has hod 
only a single part to deal with, and the fingering 
has therefore been (as it will be in all such cases) 
essentially the fingering of the piano. But there 
is very little organ playing of this kind. It is 
rarely that the organist has not two parts in 
each hand, and while the pianist may turn his 
thumb under the lingers and the fingers over the 
thumb, the organist has to adopt (piite anotluT 
method. Tliis is known as the IcgtUo style, and is 
obtained by changing the fingers on the keys 
without repeating the sound. The subject is 
dealt with pretty fully in the Harmonium and 
AmeIwcan Organ lessons, and to its treatment 
there the organ student may referred. 

The pianist studying the organ will find it soiiuv 
wliat difficult to acquire the legajo style, and 
will, indeed, often be tempted to ignore altogether 
this, its most t'ssential eharaeteristie. The 
disjointed efTcet produced by fingering the organ 
by any other method is, ho\vev<'r, so intolerable 
to the car tliat no person of real music^al taste 
w'ill ever enUr<‘ly shirk I ho very nooe.ssary prac- 
tice of linger substitution. On the piano you may 
“ run up ” a scah^ in thirds without any <;haiiging 
of fingers and yet not outrage the ear ; but such 
a scale can bo satisfaidorily played on the organ 
only in some such w ay as this : 




Por acquiring this legato style, the peculiar 
beauty of the organ, ilu're is nothing b(‘tter than 
the Stainer Exercises Nos. 94 to lOH. No pains 
should be spared to get them done in the most 
finished manner possible. It is difficult at first, 
no doubt, all this fmger changing ; but the 
student will find that hy-aiul-by the fingers 
will shift for themselves without wailing for 
the direction of the player’s w'ill — in other 
words, they wall shift by instinct. It should 
1)0 added, perhaps, that it is wcasionally neces- 
sary, in the interests of a very smooth per- 
formance, to substitute one foot for another on 
a pedal key. 'J’his is eaily done when the key 
is a long one ; happily, it rarely needs to be 
done on a short key, where it is naturally more 
difficult. 

Expression. In all his elementary work 
at the organ the student wall require to think 
more of ‘‘ getting the notes right ” than of the 
expression of the music. As he gains facility, 
however, ho will w'ant to acquire the command 
'of such resources as liis instrument affords in the 
matter of expression. These resources, un- 
fortunately, are curiously limited. The organ 
is admittedly deficient in this respect — namely, 
that the player cannot influence the intensity 
of the tone by the character or force of his touch. 
Stainer mentions four sources of expression 
as being at the command of the organist ; (1) The 


art of phrasing ; (2) the contrast between 

legato and staccato ; (3) the selection of the 
stops ; and (4) the use of the sw'cll pedal. 

The first two belong, how'cver, rather to 
advanced musicianship, while as to the third, 
it can hardly he said to come under the head of 
expression as generally understood. Pi’actically, 
cxpre.ssion consists mainly in gradations of the 
tone intensity, and in that respect the organ 
player has to depend mainly on the sw^ell ju^dai. 
The use of this indispensable piece of mechanism 
has already been referred to, at a stage at wdiieh, 
how'ever, it would not have been advisable 
to advocatii its employment. Assuming that 
tlicn^ is a pedal part to play, it is elear 
that the young organist cannot effectively 
control the sw'tdl ])edal unless ho is able to mani- 
jmlate tlie pedal-board with the left foot alone, 
'riie swell crescendo and diminuendo should 
Iherefon? hi) held in abe^^anec' until the student 
has acquired that expert ness in toi‘ing and hetding 
which the use of one foot implit's. Of course, 
wduTc th(*r(^ is no pi'dal part, this restriction 
do(‘S not apply. 

Church Music. In taking up the study 
of the organ, most persons have in viewv the 
securing of a church a]qK)intm(*nt, either as 
amateur or profi^ssional. As the basis of an 
organist’s chureii work is the ])laying of psalm 
and hymn tunes }ind eliants, it will hi) well 
that the pii])il should no\v address himself 
to this important branch of study. Sim])lc as 
it fippears, it could not be taken up at an earlier 
8tag(*-“ first, because of the pupil’s practical 
unfamiliarity willi the pedal-board ;and, second, 
bcc^ausc the k'gjito style of fingering, which is 
alone used in this sort of work, had not bet'ii 
acquired. Assuming a fair command of the 
instrument in these rospt'cts, Hu* trotd)les that 
will present themselves now wdll be* those of 
“ reading ” anil playing from four parts, and of 
adapting the systiun of liiigiT suhstitulion to 
the rendering of two parts by each separate hand. 

x\s regards the reading,” very little need he 
saiil here. It is chiefly a matter of practice, in 
which a knowdedge of harmony and the general 
laws regulating part-writing piove of immense 
assist .ance. To the pianist or the unpractised 
organ student it is by no means easy at first 
for tiic eye to ‘‘ take in ” four parts at once. 
But one soon acquires this v(*ry necessary facility 
in reading wdien the mind is brought to help the 
eye ; for ciiordal comhinatioiis and progressions 
as seen in hymn tunes are limited, after all, and 
familiarity comes with continued rc*pctition. 
It is a good ])lan for the student to take some 
popular collection .sueli as “ Hymns Ancient and 
Modern,” and work through it entirely as an 
exercise in reading. He need not waste time 
;it the organ in doing this if he has a keyboard 
instrument — harmonium, American organ, or 
piano — in his owm rooms. 

There is one important point to he observed. 
Hymn tunes are written for voices — treble, 
alto, tenor, and bass. Tn playing them (without 
pedals) the organist takes the treble and alto 
wdth the right, hand, the tenor and bass with the 
left. But the composer doe.s not consider the 
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player’s convenience in the “ distribution ” 
of his parts, and hence it often hap}x*ns tliat a 
note or notes belonging to the tenor have to be 
taken by the rigljt luind, and a note or notes 
belonging to the alto by the left. Stainer 
illustrates this in the following simple way ; 


WritU'ii 



Now and again it )ia])pens also that a chord 
}is writen for the voices cannot bo x>Iiiycd at all 
as it si amis, 'rbiis, as at {n) : 



In such a case the plan is to transpose the 
unreachable inner j)art note an octave higher, 
always provided it does not , when so transposed, 
become higher than the treble. Thus the un- 
playable (a) becomes the playable {h). 

Legato. As regards tlie system of finger- 
releasing essential to tlie legato style, that will 
he found rather irksome at first wlieii applied 
to the rendering of four-part harmony. But 
the difficulty must he got over, and persistent 
practice is the only “royal road.” Let the 
student keep ever before him this one important 
nde, that while notes belonging to inner parts 
(hmor and alto) may be “ jumped,” every note 
in an outer part (trebh; and ba.ss) must have a 
'finger nvuly for it. Of course, when the ])edals 
are used for playing the bass, the difficulties of 
tinger-releasing are much minimised as regards 
the left hand, which then (ordinarily) has only 
the tenor part to play ; but no student should 
he satisfied with liimself unless lie can play all 
four parts Avitli th<* liands alone in the true legato 
style, which is the eharact eristic beauty of the 
organ. Stainer gives just three <;xereises toward 
this end (Exercises 110, 113, 1U>), but they are 
sufficient to show the student what is required of 
liim as a welirainaiy to any satisfactory render- 
ing of psalm and hymn tunes and chants. Tliey 
shouM he practised assiduously until they can be 

3804 


played with as much ease as an automaton 
might play them. 

Hymn Tunes. But, of course, the 
organist does not always want to play his psalm 
or liymn tunes on the manuals alone. He wants 
to use the pedals, too ; for if he didn't he might 
as well be playing a harmonium or an American 
organ. And this brings us to the various ways in 
which a hymn turu^ may be j)layed on the 
organ, as illustrated by Stainer in Exorcises 
111, 112, 114, and 115. Wc may call the playing 
of the tune on the manuals alone the first way. 
The second way (Exorcist ‘s 111 and 114) shows 
the treble an<l alto assigned, p-s usual, to the 
right hand, the tenor to the left, and the bass 
to the feet. In this manner, great care must 
be taken, as Stainer observes, to })revent the 
lt‘ft hand from doubling tlie ])edal part. It will 
usually want to do so, espe^ually if the student 
has been acciisfomed to play hymn tunes on 
a manual keyboard alone. In actual chureh 
work the bass is oft(‘ii taken by the pedal an 
octave lower than written, and in thfit ease the 
left hand takes it its it is written, cilong with 
the tenor part. 

Jn the third manner (Exercis/‘S 112 and 115) wo 
stH* the treble part played as a solo, with the 
alto and tenor assigned to the It^ft liand find the 
hfuss to the pedals. This is tlie most difficult 
of all the thre(‘ forms, the chief trouble being, 
alike fus regfirds “ reading ” and execution, 
to get the alto and tenor together in one hand. 
As a mfitter of fact, the organist has here both 
to “ arrangt^ ” his music and to play it. Very 
<)ften be will find that th(‘ left hand is unable 
to cover the interval between the alto and tenor 
parts, in which ease the two notes “ must bo 
inverted, or played in any position most con- 
venient.” 'riiis “soloing ” out of a hymn tune, 
ns it is cailt‘d, not only gives a pleasing change 
from the mon^ common methods, but it is uscjful, 
in the case of an unfamiliar tunc, in so far as it 
puts the melody prominently before the con- 
gregation. [n all such cases, it need hardly bo 
said, a stop or stops must be used which will 
make the im^Iody “ stand out ” much more 
clearly than the accompanying parts. 

Stop Combinations for Hymns. 
Thus, you might “give out” a tune on the 
Swell “ Oboe,” accompanied by the Great or 
Ghoir “ Ouleiami ” or “ Stopped Diapason ” ; 
or you might use the Great “ Open Diapason,” 
accompanied by the »Swcll “ Oboe ” and one 
of the Diapasons. There are, in fact, endless 
ways of “giving out'’ a tunc as regards stop 
combinations. Th(*se are for the player himseft 
to discover. Meanwhile, as a student, he will 
rind that it is (piite enough to get the notes right 
in the particular ways indicatid by his tutor. 
He will, of course, work through all the Stainer 
Exercises (110 to llri) meant to give him 
command over the various stylos of chorale and 
hymn-tune playing. When he has finished 
these (which are specially arranged for him), 
he should attac’k his ordinary hymnal again, 
and, selecting, say, a dozen 'wcdl-known tunes 
from it, proceed to play them in the various 
ways which he has just been studying. This is 
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tho more advisable, as when actual church work 
comes to be done, it will bo from the hymnal 
arranged for the voices, and not, as in tho 
case of the tunes in Stainer, for the organ. 

It is at this stage that Rinck’s “ Practical 
School for the Organ,” which has been already 
referred to, might be taken up with advantage. 
Many organ teachers begin with Rinek, but 
Rinck assiimes, much more than Stainer, that 
the student can already play on a keyboard instru- 
ment. The tirst sect ion of his “ School ” includes, 
indeed, thirty-six “ short and easy ” exercises 
in two, three and four parts for the manuals, 
but these are not fingered and there is nothing 
to indicate the necessary legato style. The 
pedal exercises, again, are hardly such as a 
iH'ginner can benefit by. Bui, having mastered 
liis Stainer so far, tlie student would find it of 
real value to himself to work through the 
“ Thirty Preludes in all the Major and Minor 
Keys ” of Rinck’s opening section. It is a 
pity, perhaps, that the pedal part is left without, 
any indication of toeing and heeling. But the 
student, from what he has already learnt, can 
rt‘adily add these marks for himself, and thinking 
them out will do him a world of good. How to 
pedal this (from No. ,37), for example, will lead 
to some interest ing little experiments : 



It can he done quite neatly in tw'o or three 
different ways, and the (luestion for the student 
will be which way ho is to adopt. Hence, 
pcTliapH, it was boHer that Rinck did not mark 
his pedalling. Students who take up Rinck at 
t he beginning generally have his exercises marked 
for them by a professor. Assuming Stainer 
beforehand, the student can easily “ mark ” 
for himself. At any rate, he should get through 
these thirty preludes. They arc invaluable in 
many ways, and not least for their covering of 
Jill the less familiar keys. Students are apt 
to stop sliort at four flats and four sharps, but 
an organ-player should obtain such facility 
in all the possible keys as will enable him 
to overcome every difficulty, liow'ever pre- 
sf.nt(*d. 

Aftvr these Rinek })rcludes have been mastered 
a Tciturn might be made to Stainer, taking up the 
five short pieces (Nos. 120 to 124) intended to 
represent different styles of organ music and 
to give the pupil a wider sphere of practice 
before attacking tho classi<;al works of the 
great mastt'rs who liavc wTitton specially for 
the instrument. But these should Ik? studied 
concurrently with tht? third and fourth parts 
of Rinck, which embrace a series of thirty 
postludes, or concluding voluntaries, in the 
fugue style, all admirably calculated to add 
to the young organist’s facility in the use of 
the manual and pedal keyboards. Rinck, in- 
deed, though some regard his style as old- 
fashioned, ought to be tho young student’s 
daily bread, so to speak. Stainer’s work is a 
primer, and cannot be expected to exhaust 
the subject. 


A Reliable ** School/’ As a royal 
road to t horougli and ” legitimate ” organ - 
playing in all styles, there is no other “ school ” 
which will hvnr comparison with Rinck. A 
beginner who has been founded on Stainer 
can follow no better course than go through 
him slowly, allowing, say, three montlis for each 
book. “ Rinck’s name,” wrot(^ the late Sir 
Herlx'it Oakeley, Professor of Music in Edin- 
burgh University, “^Avill ahvays live as that of 
a safe guide towards tho formation of a sound 
and practical organ -})laycr ; his works comprise 
many artistic studies.” Again, the illiistilous 
French critic, F. J. Fetis, wrote : “In the com- 
position of music for the organ the talent of 
Rinck was of a character pt^culiar to himself. 
His elegant and simple style was generally 
noble and dignified. His harmony has mueh 
about it that is uncommon and unexpected ; 
his melody is swed and touching. Ht’! did not 
try to writ4> diffiiailties : his evident object was 
to work for provincial organises, to form their 
tastes, and to jK*rfeet their studies.” This is 
no exaggeration, and the w'ords an*. quoUal by 
way of stimulus to the student who is seeking 
to acquin* a real command of the instrument 
upon which Rinck himsdf was so distinguished 
an executant. 

It is possible, t)f course, that, some students 
who have gone through their StaincT will not 
care for tin? rather mort' severe, ecclesiastical 
style of Rinck. In that case they might con- 
tinue their studies by means of Archer’s “ Organ 
Book ” (Novdlo), one of the best and most com- 
prehensive manuals of its kind. It continues 
exhaustively and thoroughly the admirable 
work wliieh has been outlined in tho Primer, 
so that a student who plods steadily through 
it h^els, after he has done, that very little more 
can be pointed out to him in tho way of instruc- 
tion. Mueh of the work must, of necessity, he 
<lry and technical, and. as such, may not interest 
the stiident. I’here are, however, many pieces, 
both short and long, in tlic work of considerable 
musical interest, though generally somewliat 
difficult. There are also Best’s two volumes, 
lirst,-rate both in d<‘sign and <*xocution ; the 
one for manual work, the other containing an 
exhaustive set of pedal oxercis<‘S and st.\idies. 
On the whole, it will be best for the student who 
desires to supplement- his Stainer to ask at a 
music-seller's for a sight of the works just name<i, 
and choose that which makes tJu^ strongest 
appeal to him. Students are of such different 
capacities and of such different tastes that it 
would he fooli.*^!}! to lay down any hard and fa.st 
rule in a matter of this kind. 

Organ Compositions. But wJxat about 
“ pieces ” ? it may be asked. For even the most 
serious student desire's occasional relief from 
exercises and studies, so-called. Well, not with- 
standing all thcl has been written for the instru- 
ment, there is nothing l>etter for accompanying 
the purely technical side of the young organist’s 
training than a course of Henry Smart. Smart's 
organ compositions are published by Me^ssrs. 
Novello, in twenty-tw^o numbers. They embrace 
several styles, and run from easy to very difficult 
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muBit;. Tlio easy pieces can be attacked os soon 
as the player is familiar with the pedal-board, the 
fingering of the instrument, and the manage- 
ment of tlxo stops. The same composer’s 
“Organ Student” (Boosey) might also have 
attention. Smart’s “ easy ” pieces, an authority 
has rightly said, are specially fitted as studies for 
students wanting to a^apiiro tlie true “organ 
touch ” on })edals and me.nuals. Indeed, a 
learner wJio knows his rudiments may find in this 
masfiT’s organ miisie a progressive; school of the 
very best kind, provided only sonic judicious 
friend points out in what order the various pk'cos 
should be taken. A beginning should bo made 
with No. 10 of the Nov(‘llo set, after which might 
come Nos. 1 1 and 111 ; No. IS is an easy march 
in G. 

The Great Composers for the Organ. 

Along with these may be named the “ Twenty- 
four Sketches " of Dr. E. ’’J'. ('hipp ; Jh'sso's 
“ Organ Book,” <‘dited by (dadstone ; the “Thirty- 
six Short and Easy Voluntaries,” by Dr. V. J. 
Frost ; and the several hooks of organ pie<‘es by 
J)r. George, (’alkin. Tin* lattia* are very melo- 
dious, and many of them are comparatively easy. 
And then, of eours(\ tlu*re Is Sebastian Ikwh. 
Bach is the king of all writers for the organ. For 
ae<piiring te(“}ini(jiie ther<‘ i.s nothing like liis 
preJudtis and fugiu's. Th(‘ “ Eight Short Preludes 
and Fugues ” form a kind of soliool in themselves, 
though the student had b('tt(*r delay atla(;king 
them until they are faiily within the mensure of 
Kis capacity. They can be suitably followed by 
some of the large fugues, such as the short K 
minor and the om* in E'^, known as tin* “St. 
Ann.” As then* arc* many editions of Bach, it. is 
advls-ilile to say that the best is that edited by 
the late W. T. ilest (.Aug(‘n(‘r). Very good, also, 
though l(*ss easy to read, heeause more crowded 
on tin; plates, is the edition of Sir J. F. Bridg.^; 
and Mr. Jam(*.s Higgs (Novello). llotli editions 
are fingered and marked for pedtil wliere necessary. 

After Bach, among the gieat eom])osers for the 
organ, comes M(*ndelssohii, wlio.se little eolleetion 
of preludes and organ sonatas ought to be on 
oveiy advanced stud(‘n1s desk. The short 
movements of the organ sonatas should Iw taken 
first, and followed by the Prelude and Fugue in (h 
The easiest of the sonatas is the one in C minor, 
which makes a capital study “ piece.” Among 
what may be. called the mimir classics may be 
recommended the works of Merkel, Guilmant, 
Wely, Salome, Batiste, ;ind Dubois. Of course, 
tlu;se arc merely suggestions for helping tJie. 
student on his way. A list of “ suitable ” organ 
pieces could be made to fill many pages of this 
w'ork ; and, after all, the advanced student is best 
allowed to consult liis owm preference, which he 
can readily do by seeing the music before buying it. 

Church Appointments. Ninety - nine 
out of every liundred students of the organ want 
to secure a church a])pointnicnt. This is only 
natural, for where but in cliurch can the 
organist make practic.al application of the art 
ho has attainea ? Tlujre are the big concert 
halls, of course, but< these are among the prizes 
of the prfifession, not yet to be thouglit of by the 
young player. One groat advantage of a church 
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appointment is that the organist secures, as a 
rule, the full command of an instrument for 
practice. Indeed, in the vast majority of cases 
outside the very large towns, this is almost the 
only way in which a player can get unlimited 
practice. Even in the large towns it is costly to 
hire the use of an instrument, and the enthusiast 
wdio desires to “ got on ” will often find it to his 
advantage to accept a post, Avhen ho is competent 
for it, at a merely nominal salary — nay, at no 
.salaty at all — solely for the practice it will bring 
him. 

Generally speaking, the Dissenting churches 
offer the t*asier posts for the young organist, the 
nuisical .services there being so much simpler 
than in the Church of England. In the village 
churtdies the technical rc?quin;inent.s arc probably 
about equal, but young ])layer.s not accustomed 
to it are apt to liud the cluinting of the. prose 
])s.alms and tlu; canticles a difficulty. Still, a 
Churchman will not readily give up his ow^n 
“ Communion,” and after all, granted an ade- 
quate eom]>etence to b(‘gin with, there is much 
more to advance tlie player in the Ghureh of 
England than in the Nonconformist services. 

Choir Training. A ]K)st in either case 
is alike in one important particuil.ar— namely, 
tliat it th'inands some little ability and expori- 
c*uce in choir training. This is a matter which is 
too often, and veiy absurdly, taken for granted. 
Jt no more follows, of (*otirse, that because a man 
can play the organ he can drill a choir, than it 
follows that a man who makes billiard balls can 
play billiards. Every sttident of Ibe organ wdio 
looks forward to a church appointment shoidd 
make a special point of actpiiring a practical 
knowledge of choir training. It is not a thing 
that can bo gained by' reading. The best ])lan 
-assuming the student to have a serviceable 
veuce —is to lH‘Come a niemb(*r of some ehureU 
choir directed by an org-niisi who excels in this 
branch of his art, and Avatch carefully his 
methods. The subjeet of A'oii*(; production 
should also be studi(*d, and .special attention 
given to the important side subjects of arti(;u- 
lation and expression. A choir be drilled ; 
and the unfortunate' thing for the young and 
inexperienced organist is tliat the more modest 
his ap]>ointmcnt, the moi*e necessary', as a rule, 
does this drilling b(‘eome [see C/iioiRs]. Helpful 
w'orks on “(’hureh Choir Training” and on “ I’he 
Art of Training Ghoirboys ” arc published in 
Novello’s Music Primers series. Tlie student Avill 
find it of service to consult also “Common 
Prais(*,” by F. (J. EdAwards ; “ Organs, Organists, 
and Choirs,” by E. Minshall ; and “ Studies in 
Worship Music,” by J. Spencer Cur wen. 

A Avord or two as to the financial side of church 
appointments. The organist is, as a mle, still 
miserably paid in England. Especially is this 
the case in the Church of Fiiigland, where salaries 
of .£40 a year are common, and salaries of £80 
quite uncommon. Often, the sum offered does 
not exceed £20. In the Scottish Presbyterian 
churches the salaries arc somewhat more in 
accord with the duties and abilities demanded. 
Good churches pay from to .£80, and salaries 

running into the three figures are not unknown. 
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As regards appointments abroad, not much need 
be said here, because such appointments are 
generally applied for and obtained by men of 
experience. South Africa does not olTer a very 
tt*mpting field, unless it be in places of good size, 
where tlxe English congregate — places like (\ipe 
Town, Pretoria, Johannesburg, and Port hlliza- 
beth. The States would seem a V)etter field, for 
there organists command much higher salaries 
than the average run in England, though this is 
largely counterbalanced by the grciiter expense 
of living. But the profi'ssional can usually take 
care of himself in these matters. We write chietly 
for the amateur, and the. amateur organist will 
probably look rather to the opportunities of his 
ai)pointment tlvan to its finances. 

Service Accompaniment. In the 
aecompanimenl of the services, whether sim])le 
or ornate, the organist, will find plenty of scope 
for the exercise of his technique and the exhibi- 
tion of his musical taste. It is hardly possible 
to teach an organ student io be a really efTicient 
accompanist iink'ss he is endowed with certain 
gifts in that direction. Much help may be obtained 
from the works of Messrs. Edwards and Minsliall, 
prtwiously mentioned, and there is also thf^ 
primer on “ Organ Accompaniment,” by Sir 
.f. F. Bridge, the organist of VV^^st minster Abbey. 
In every detail, let the organist remember tliat 
the function of his inatrum<^nt is to accompany, 
and not to lead, the singing. A player who 
(umtinually uses the full power of the organ, 
drowning the voices in a tempest of noise, mis- 
takes entirely the nature of his duties, besidesi 
showing a lamentable lack of artistic sense. 

Voluntaries. The question of vc.Tm- 
taries is important, not so much from a technical 
point of view as because of the influence which 
the voluntary may have in helping or hind<*riiig 
the <levolional feelings of the congregation. 
Broadly speaking, the opening vobintaiy should 
be of such a character as will juit the people “ in 
tune,” as it were, for the service which is to 
follow. In other words, it ought to be quiet and 
restrained, without, any undue obtrusiveness of 
technique, without suggestions of secularity. 
The clo-sing voluntary, on the other hand, may 
draw upon all the resourc<*s of the instniment 
and all the resources of the player’s technique, 
provided always that it is not. in flagrant nm- 
t-radiction to any special character that, may have 
manifested itself in the preceding service. Thus, 
it would be outrageous to follow an appealing 
discourse on tlu? sufferings and death of our Lord 
with some piece of “ flreworks ” drawn from the 
flimsy French school. Young players seldom 
” think on thc.se things ; ” hut tliey may be 
assured that these things arc of essential import- 
ance. 

In a large majority of cases it will he safe 
for the organist to fix upon his closing voluntary 
beforehand. But ho ought always to have some 
pieces of a vai’icd character on tlie desk for 
anything special and unexpected that may 
have come from the pulpit during the service. 
As Pope said long ago, some to church repair, 
“ not for the doctrine but the music there,” 
and ** a song may And him who a sermon flies.” 


Therefore, give special attention to the question 
of voluntaries. 

Postludes. The young organist who has 
gone so far with ns will have little difficulty in 
selecting a list of suitable voluntaries. 'Hie name 
of such pieces is literally legion. Opening volun- 
taries are especially plentiful, and not even a 
tent ah ve list of these need he attempted hero. 
'J’he player should look up the list of 84 pieces 
printed by Edwards on pages 181)-100 of his 
“ Common Praise.” Omeludirig voluntaries are 
in slightly ditTerent. ease. Young organists 
often c'omplain that they hav<5 trouble in obtain- 
ing short , brigh t post ludes. Th(‘y find the l)ett er- 
known postludes to(^ long, the church being 
empty before these are half played. The 
following — among many others — should meet 
requirements in this direction : Postiude, A. 
Boys(‘ ; Scherzo, A. Boyse ; Minuet and Trio, 
Baptiste Calkin ; Festal Mareli, Dr. Bunnett ; 
Minuet to, (i. Calkin ; Postiude, (1. Calkin ; 
Marches Nos. I, 2, 4, 5, 8, 17, 18, 20, 21, 22, 
Dr. C. J. Frost ; March in C, Lefehvre Wely ; 
Religious March in Eb, jMaefarren ; Six Marches, 
Custav Merkel ; Postiude in C, H. J. Stark ; 
Thirty-six Brilliant Postludes, Dr. Volckmar, 
in three books ; Seven Festival Postludes, Dr. 
Volckmar. 

To these might be added ; Postiude in D, 
Merkel ; Postiude in D, Bert hold Tours ; 
Postiude in A, H. .1. Stark ; Twelve Postludes, 
Dr. C. Vincent ; Postludes in C minor. Pro- 
fessor Front ; Introdiuriion and Fugue, E. Silas ; 
March in Bb, E. Silas ; Offertoire in G minor, 
VVely ; Homage a Mozart, Baptiste Calkin ; 
Postiude in C, Heniy Smart. For those who 
like marches there is the classical “ March 
Album,” published by Aiigencr. Much of 
Rinok’s “ Organ School ” is eminently suitable 
in this connection, and, of (sourse, Bach must 
not be forgotten. Players of modest abilities, 
who want a single eolleetion from which to draw, 
can hardly do better than with ” The Village 
Organist ’ (Novello), of which a long and in- 
teresting series has now been publislied. 

Extemporisation. The art of extem- 
porisation, of ” creating and performing music 
at one and the same time,” is l(‘ss practised now 
than it used to be. It is, however, of great 
value to tlie church organist, who has frequently 
to “ create ” little bits of nuis*ic to fill up gaps 
in the service, to extend his voluntaries or 
“ round them off ” in the middle, to improvise 
intnKluctions to anthems, and so on. It is 
often contended that extemporisation is a gift ; 
hut this is only partly true. Fancy, or the 
j>ower of imagination, as one has said, is un- 
doubtedly a gift, and to this power the player 
must turn for the invention of his original 
theme,s and of the j)hrases and figures th.at he 
will need in the development of his movements. 
But then, beyond the pov'er of imagination, 
there is the great power of development on 
which the player must depend to work out 
from this created theme the completely balanced 
movement. And that is an art which may 
certainly be attained by properly directed 
study. 
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Wo cannot pretend to “ teacii ” extemporisa- 
tion here — no writer can pretend to teach it 
anywhere. At most wo can only offer a helpful 
hint. He who would study the subject prac- 
tically and in all its details can have no safer 
guide than Hr. Sawyitr’s “ Extemporisation ” 
in Novel lo’s PriimTs. The subject is tliere 
dealt with in two sections — firstly, the extem- 
porisation of the theme; and, secondly, the de- 
velopment of the wovemenl from such theme. 
From Dr. Sawyer the ))layer will learn how 
to extciiiporiso short pnfiudes and long preludes ; 
how to “ vary ” a given theme ; how' to ex- 
tcm])orise marclics, and postludes, and <‘ven 
fugues, the most difticult of all forms to ‘‘ create” 
on the spur of the moment, ft need be hardly 
added tliat extemporisation implies a tlioroiigh 
knowledge of liariiiony and musical “ form.” 
Many young organists wlio attom[)t it are 
without this knowledge, and so ramble on in 
an incoherent way, without aim or design of 
any kind, to the pain and disgust- of many who 
are compelled to listen to them. No elTort of this 
nature can )>e call(‘d extemporisation, since it is 
not music, which alone “ attains its power and 
ofTeet f)ver mankiml by the directness and force it 
contains in the perfection of its rhythm, tlu^ 
even balance of its ])arts, and the <*omplcte con- 
nection of its varied sections.” Every organist 
ought to practise cxiemj)orisation in private for 
a long time before attempting it in public. 

Organ Recitals. The player who has 
been fortunate enough to secure an appointment 
with the command of a fairly good organ will 
naturally want to give an oct^asional n^cital. 
Here he has something definite to “ work up to,” 
and the knowledge that he is to play a selection 
of pieces to an audience specially assembled to 
hear liim will stimulat(5 to a greater degr< o of 
finish tiian is generally h<*ld to be demaniled 
by the ordinary Sunday voluntary. 'I’he art of 
making up a recital programme is not to be 
tauglit on paper. 1'he great aim sliould be to 
securtj as much variety as possible in the 
character of the pieces chosen. Then; ought 
to be a due admixture of loud pieces and soft 
pieces ; the more severe style (say, of Ba(‘h) 
should be contrasted with some lighter style ; 
a good march might be thrown in, and perhaps 
a piece w^liieh affords the })hiyer peculiar s(!ope 
for proving his command of the technicpie of 
his instrument. The solo stops will not be 
neglected. Thus, if (he players instrument 
boasts a line ” clarinet ” or a fine “ oboe,” be 
will see to the inclusion of some })iece or pieces 
calculated to show' it off, as the saying is. 

The recitalist should try to have a fugue by 
Bach as representing the most solid of all styles of 
organ music. A Mendelssohn sonata is also eon- 
sia<;red the right thing by many organists. Somc^ 
like n Handel concerto, too — the Fifth and Sixth 
are the easiest, if the jilayer wants to know. 
Of the more modern Oerman school, Rheinberger 


and Merkel are specially commended, though 
Rheinberger is somewhat hea'\^ for the average 
recital audience. Of the English school. Smart, 
I.<emare, and Hollins, among others, should 
have attention. The French school may bo 
drawn upon for the light style, though much 
of the work of Guilmant, Salome, Widor, Dubois, 
and others answers to something higher. Batiste 
and Wely arc })rilliant and showy, and have the 
advantage of being comparatively easy to play. 
Of ” arrangements,” so called, the number is 
endle.ss. Some purists condenm these entirely, 
insisting that reculal })rogrammes should be 
made up exclusively of music specially com- 
])osed for the organ. But the; average audience 
lias to be c*onsid'^red, and an effective rendering 
of, say, ” The Better Land ” or the Mascagni 
Jntermc'/zo ” will often give pleasure where a 
“ h'gitimate ” organ solo would fall flat. 

Recital Selections. But the young 
player who has been so far guided entirely l)y 
thes«‘ lessons may rightly ask us to expressly 
name* a list of recital pieces. Bach and Men- 
d<‘lssohn being assumed, take, tlien. the follow- 
ing : “Occasional” Overture* (Handel); Bar- 
carolle (Sterndale Bennett); Priere <‘t Berceuse, 
Cantih'iip Pastorale, and (jlrand Gh(eur in D 
(Guilmant); Fantasia in (- ( Bert hold Tours) j 
Postludi* in E*? (W(‘ly) ; (!ant ilene in A minor. 
Pastorale in G, and (Mfertoire in DI? (Salome); 
Andaiiti* (irazioso in G, Quasi Pastorale in G, 
MVnor Song in B!?, and Grand Festive March in 
D (Smart); Andante and Allegro in D (F. E. 
Bache); ()ff(‘rtoir<; in D minor and “The Pil- 
griTii's Song of Hope ” — .^Vndante in — (Batist(*) ; 

Srar<*h for a Church Festival (W. T. Best) ; 
Fanfare in D, and Triumphal March (Lemmens) ; 
Toccata in (Duhois); Grand Cmeur in A 
(Salome) ; Evening Bells (Chau vet) ; Pastorale in 
E( Leman*); Communion in F (Orison); Over- 
ture in E (Aforandi). 'Hiis, it must be insisted 
.‘igain, is the merest apology of a list. 
young organist should see as many recital 
programincs as he can, in search of further 
hints. A selection is published every month 
in “ IMusieal Opinion,” and every large town 
has its experienced recitalists Avhose pro- 
grammes should never be missed. At the same 
time it is, of course, advisable that the recitalist 
should not bo always playing the things that 
other organists are playing. The ehoieo of 
pieces is cixtensive enough to enable every player 
to bo original, if he will. 

Some Practical Hints. We close w'ith 
the j>raetical hint that the organi^J should 
aecpiaint hims(;lf thoroughly w ith the mechanism 
of his instrument, and learn how to time it and 
to regulate ” the defects which are almost 
inevitahie in so complicated a machine. These 
acquirements arc spi‘eially necessary in small 
towns and country districts where a professional 
organ tuner cannot readily bo ol>tained. The 
more he reads about his instrument and its 
repertoire, the more intelligently he will play. 


Organ concluded 
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SCIENCE OR MUDDLE IN SOCIETY? SOCIOLOGY 

The New Science of Life. The History of the Race is a History of Mis- 1 

takes. Society will now Develop Scientifically instead of Muddling Through .m hoi,<h: 


By Dr. C. W. SALEEBY 


VJJ7E turn now, with daring but not without 
^ hope*, to that groat study which is the crown 
and end and aim and synthesis of all the lower 
scic‘nees. From a narrower ])oint of view such a 
description might bo ap])liod to tlie seienci5 of 
modioinc in its widest sense, and there is this 
much of instruction to be gained from tlic com- 
parison betw’cen medicine and sociology — the 
common explanation of tlieir difficulty. In study- 
ing on<‘ of the basal sciences, wo liave no vei-y 
numerous assumptions. We build our own foumla- 
tions, and are not at the mercy of criticism from 
without. On tJu* other hand, there are more 
complex s(;ien(^es which depend entirfdy for their 
foundations upon the foundational or funda- 
mental seienecs. There Avas no possibility of a 
rational medicine when chemistry, physiology, 
and anatomy had no exist enc'e ; yet medical 
knowledge? was n(‘e<lc^d, and men luwl to do their 
best to actpiire it, even though the conditions 
whicli mad(? such acquirement possible wer<? 
unfulfilled. 

The New Science of Society. Simi- 
larly, the science of society has always been 
needed by men. Man, as w'e shall s<?e, is a .social 
animal, and his liappiness is gravely affected by 
the manner of society in whicli he lives. Thus, 
as death and disease have always necessitated 
mecluum? of sorts, even when the foundations 
of a rational medicine were non-existent, the 
needs of human life Jiave always necessitated 
some kind of sociological practice, even when the 
foundations for a rational sociology were non- 
existent, and not even conceived of. Thus, the 
initial fact, wbi(?h must surely intere.st u.s, is the 
t*xtreme newiu^ss and the very* air of novelty 
which distinguisli this science, tliough the need 
for it is as old as the human rtice. Let us first 
make an inquiry into the history of the word, 
and then It*t us consider th(? foundations and 
assumptions of the science. 

Sociology is a hybrid term, the first part of it 
deprived from the Latin and the s(?c()nd from the 
Greek, it means simply the acience of society. 
Because it is a hybrid, objection lias frequently 
been taken to it ; but the word is convenient end 
intelligible, and has thus come into general usage. 
It was invented by Auguste Comte, and he had a 
deliberate intention in compounding it from the 
languages of Greece and Home. He tells us that 
his object was to (express the double origin of 
modem societies, whit;h are, in effect, based upon 
the practice of tlie two last and greatest societie.s 
of antiquity. The term was accepted in England 
by John Stuart Mill, who was in some measure a 
disciple of Comte, and wlio employs the word in 
his great “ System of Logic ” (1843). Subse- 
quently, the term was accepted and popularised 


by Herbert Spcrieer. whose work has made it 
known wherever men think. 

Auguste Comte. 'IV) the main facts of 
Herbert Spencer's life we shall devott* ourselves 
in due course. Here our eoneern is with the idea 
of s(K*iologj’- as a science ; and tliis is therefon? 
the place in which to make some reference to tlie 
])hil(»sop]ier who.se name ranks first in this respect. 
Comte was born in 171)8, and early became 
disting\iislied for his dt'votion to learning. When 
he Avas still a boy he came under the influence 
of an extremely r<*markable man. Saint-Simon, 
who was his senior by forty years, and Avho.se 
relation to l‘omte cannot better be described 
than in the words of Mr. Jolm Morley, who is a 
follower of neither : “ The most cursoiy glance 
into Saint-Simon's writings is enough to rcA^eal 
the thread of connection between the ingenious 
visionary and the systematic thinker. We see 
the debt, and we also sec* that, Avhen it is stated 
at the higbc*st possi>)le, nothing has really been 
taken from ( 'Omte's claims as a powerful original 
thinker, or from his immeasurai)le pre-eminence 
over Saint-Simon in intellectual grasp and vigour.” 

S.aint-8imon liad the fundamental id(?a of ap- 
plying to social problems the methods of science ; 
but he had not Avhat Comte bad in abundance — 
a remarkably complete and thorough scientifie 
training. This it Avas which gave Comte the 
poAver to carry out the application of what Ave 
may call the scieiititi.? id(*a of so(;iology. 

A Philosopher’s Religion. We cannot 
leaA’c this remarkable man, liOAvever, without 
commenting upon the second stage in })iH 
history, which dates ^from the year 1844, Avhen 
he made tlu* ae quaint anee of a remarkable 
Avoman, Avho had an ania/.ing etfect upon his 
emotional and moral nature. Says Professor 
Beesly : “ Hitherto, though the ultimate object of 
his speculations liad been to place morality on a 
firm basis of science, and though, in labouring 
for that tmd, he had b(*en animated by a noble, 
social spirit, he had not professed to be a religious 
teacluT, or to set, in his oAvn person, any special 
example of a good life. He was simply a philoso- 
])her, working out a system whicli he believed 
woukl be of great benidit to the* human race, 
but AAffiat h(‘ had before recognised as a philoso- 
phical trutli — thr'it love should be the moving 
principle of our lives — Avas no\N' brouglit liome to 
his heart. And this AA*as fruitful of good.” 

It was in the second period of his life, thus 
modified, that he set- forth bis proposals for the 
ncAV religion AAffiich he called Positivism, and 
which, though it shows very small signs of con- 
verting the Avorld to its views, is yet extremely 
interesting, and is unique^ as being an artificial 
religion constructed, in principles and in details, 
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by a professod philosopher, who was at the same 
time an adherent of what we may call the 
scientific school. Comte died in the year 1857, 
which, by an interesting coincidence, was the 
very year that saw the introduction by Herbert 
Spencer of the word evolution. 

What Makes a Science ? (Jointo made 
no contributions to the natural sciences. His 
attempt to make a now religion has been a mo.st 
oonspioiioijs and significant failure. His name 
will bo permanent, however, in the histoiy of 
thought b(*cause of his establishment of the first 
principle of smjiology, which is that societies and 
their ways, their origins, characters, and func- 
tions arc a fit subjec^t for scientific study. Comte’s 
great accomplishment, f h<‘ii, is tlu* ap])lication of 
the scientifit^ idea to the most important realm 
in which science can eonc(‘ivab]y hold its sway, 
'rhis is not- only tlu^ first principle of sociology, 
but is also the most cardinal truth which it 
reveals to us ; and we must consider it carefully. 

At this comparatively late stage in our studies 
we can have littU‘ hesitation in answering the cpies- 
tion. What constitutes science ? Whim we assert 
that there is, or may be, sciimei; of anything, 
w<* mean much more than that the facts of the 
subject in (juestion may be arranged in columns 
or catalogues. We mean not only that there are 
facts which may be arranged and classified, but 
that there is a relation between them ; we mean, 
to take an astronomical instance, not only (hat 
the movements of tlie planets may be .stated, 
but also that (hey may be explained by means 
of a Jaw which expresses their common <;ause ; 
or, again, to take a sociological instance, we mean 
not merely tliat historians may describe the 
conditions of various sixueties in respe(it of the 
status of women, and in respect of their relations 
to war, but also — which is immeasurably more 
important— that we may establish ii relation 
between the two sets of facts, resulting in the 
genera lisaf ion, so imieli insisti*d upon by Ifcrbert 
Spencer, that “ militarism and a low status of 
women are associated i)hcnomena.” 

Natural Law in Society. In other 
words, to assert that there may be a sociology 
is to assert that cause and effect are tis 
immutably r<*laled to one another in the 
realm of human life as in tlie realm cd’ 
mechanics. It is to assert that causation is 
universal — which, as we have sei;n, is in a 
sense the first, the last, and the only asser- 
tion of science. .N^ow, to anyone who has had 
a sciontifie training the doctrine that causa- 
tion and the sequence of phenomena are as 
true of human life- as of mechanics is a platitude 
s(?arcely worth saying. The idea of the univers- 
ality of causati(.>n has l)ecome a necessary con- 
dition of all the thinking of such a person. To 
labour to demonstrate to him tliat, even though 
we do not know them, there must' be laws of his- 
tory and social laws in general, as true and com- 
prehensive and as necessary as the law of gravi- 
tation, is to waste one’s time. It is as if a player 
of lawn tennis were to spend an afternoon in 
demonstrating to a esrioketer that the amount of 
moisture in the fpround. the presence of wind, 
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and the spin on the ball .were factors that kad 
to be taken into account when playing the game. 
The cricketer might never have heard of lawn 
tennis, but he would not require to have these 
things demonstrated to him. Ho has always 
known them illustrated in his own game, and he 
will take them for granted in any other. 

The Mistakes of the Human Race. 

Similarly, the student of physics does not require 
to Ije told that social phenomena arc caused, and 
that a given sum of causes will invariably pro- 
duce a giv^on sum of effects. He who is already 
familiar with the composition of forces in 
dynamics is prepared to study the composition 
of forces in social dynamics. ’I’lie first assumption 
of sociology — namely, that there is or may be a 
science of society, is in no more need of proof 
for such a student than tlic first assumption of 
meteorology, that, appearances notwithstanding, 
there is or may be a science of the w eather. 

On the other hand, many persons approach the 
study of sociology who have by no means had 
the int(‘)lectiial prc])aration of, for instance, the 
young physicist-. In consequence of this simjile 
trutli society has again arid again Ix^cn com- 
mitted, and w'ill again and again be committed, 
to the most gigantic and disastrous errors. 
All over the world the great^T part of legislation 
consists of the abrogation of previous legisla- 
tion. JIuman history is a history of error. Its 
successes have been gained, it will appear, by 
the method wiiich the logicians call iho 
method of trial and (Tror. There having been 
no scientific sociology, and politicians having 
been the same quaint and shortsighted creatures 
in the past as in the present, men have tried 
every kind of wrong path until at hvst, no choice 
whatever being loft them, they have entered 
the right one. Even then they have only loo 
frequently left it; but, on the whole, truth has a 
w'ay of prevailing, liecausc trutli has the- superior 
surviral value, or value for life, and so jirogress, 
though slow', is yet achieved. 

“ Experience by Experiment.*’ Now. 
the method of t rial and error is satisfactory enough 
in son\e cases— as, for instance, when you are 
faced with a lock and have three keys in your 
hand. Even in such a case you waste a little time, 
but that is all. Tn no conceivable case can waste 
of time be dissoi'iated from this method, as con- 
Inisted w ith the scientific method. Contrast, for 
instance, the liehaviour of a baby, who does 
everything by this method, with the behaviour 
of even the stuihdest growm man, who wull not 
put a key into a lock twenty t imes too big for 
it, and who, so far at any rate, is scientific. 
But , as a rule, t he method of trial and error is far 
more disastrous than in this case. Take, for 
inslanci?, the doctor of old time who had to treat 
a dis€»a.se which ho did not understand with one 
or other of three drugs which bo understood 
scarcely lietter ; as Voltaire said, “ Pouring drugs 
of which he knew little into a body of which he 
knew' less.” Here the method of trial and error 
may w'oll result in the death of the patient, even 
assuming that one of the drugs be as certain a 
cure as quinine ,for malaria. 
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Marriage and Evolution. Now let us 

turn from mechanical and medical illustrations to 
a social one. The method of trial and error has 
been pursued, for instance, in the (^asc of sexual 
relations. There were no scientific principles on 
which primitive men could go, or, rather, such men 
were as ignorant of these principles as are the 
pestilent fools who, even to-day, raise their witty 
and worthless voices against the one sexual rela- 
tion which the method of trial and error has 
demonstrated to be sound. In the absence of 
science, then, this method was pursued V>y primi- 
tive men ; thougli, as we shall afterwards sec*, 
the superiority of monogami(^ marrijigo is so 
tremendous that our records of other practices 
arc relatively quite scanty — notwithstanding a 
popular delusion to the contrary. But observe 
how imperfeet the nuihod of trial and error 
has been in this case. As in every case, it has 
wasted time— it has del iyed progress ; but, just 
as this method in tlie ease of the ignorant dex tor 
killed most of his patit nts, so in this cast; it h.as 
killed innumerable races and societies. We liav't; 
the records of peoples w ho practised other methods 
of sexual relation than that of marriage ; sueh 
peoples are no more. Furthermore, history 
records not/ merely the fate of obscure tribt's, biit 
also tlie fate of gn^at nations. Historians in tht; 
past may have had many virtues, literary and 
t)ther, but they have scrupulously avoided being 
scientific. Thay have their own theories as to the 
fall of empires ; theories as to racial degenera- 
tion — which theories biology knows to be an utter 
myth ; theories aSsto the corroding influence of 
pc'ace — which, alas ! are so plausible as to have 
deceived oven the profound and majestic soul 
of Wordsworth — recall the phrase in a great 
sonnet, “ When men change swords for ledgers.” 

Why Rome Fell. But the sociologist — 
the only historian who has to be reckoned with 
henceforth — know s that it is the heart at which 
an empire rots. He knows that peace and pros- 
perity as such liave never destioyed any race. 
He knows that the decline and fall of Rome, 
for instance — tlm same being doubtless true in 
general — were <lue to tht; decline and fall of the 
family, due to error in this fundamental matter 
of sexual relation, w'hich w(^ must hereafter 
dis(;u8s at some; length. 

The conclusion winch we desire here to insist 
upon is, firstly, that the method of trial and 
error — Avhich we may describe as, in general, 
the method of «all societies in the past and 
])resent~is unsatisfactory because the pri<’e of 
eiTorisso terribly high. Much more than this, 
we would insist that the method of trial and 
error is a failure because even when succt‘ss is 
attained by it, it embodies no sure means for 
ensuring the persistencte of that success. The; 
method has taught many races — all the naces 
that have played any real part in the world — 
that monogamy is the best sexual relation. They 
have not been taught it consciously, liowever, 
or, indeed, taught it at all in any real sense. The 
method has merely worked. Yet, when adequate 
temptation arose, the method has been aban- 
doned — and the decline and fall have followed. 
How different would be the case of a society 


which based its praeti(^o upon sound sociological 
principles ! 8uch a society would know, from 
its statesmen downwards — and such a society 
w'ould, of course, be blest with statesmen — that 
the decline of marriage and the family must 
necessarily be followed by a national decline. 
Such a socuety would not go into danger w'ith its 
eyes shut, as all societies in the past have doiU‘. 

Sociology is a Living Thing. The 
truth w’hic*li w’(? desire to demonstrate might well 
occupy a volume. There will probably not be a 
paragraph in this all-important course of which 
the same might not lx; said. It is the truth that 
tht; recognition of a science of society is necessary 
for any socii^ty which, unlike all societies of the 
Iiast, is to endure. Now, this is an all-important 
proposition, and it is very generally disbelieved. 
Tliere is a common and powerful body of 
opinion which dirt^etly controverts this doctrine. 
The <‘riticK havt; doubt l(‘ss some excuse for 
their criticisms — otherw'ise less W'ould be heard 
of them. They incline to the view that 
sociologists are, in general, a bald, bcspcc- 
t ach'd, withored-up body of folk, old women of 
both sexes, who meet in small, stuffy rooms 
w'cll segregated from the life of men, the full- 
blooded reality of which they earefully avoid 
studying, and wlio spend their time in formulat- 
ing imaginary solutions for imaginary problems. 
The presumption, then, is that society will get 
along as w^ell without the advice of these persons 
as with it. Now it is true that there is a ten- 
dency for evi'ry science to become academic and 
cold-blooded — to manufacture a world of its 
own and to live in it. It is true, also, that 
sociologists, . who profess to study human life, 
have less excuse than any other body of scientists 
whatever for such a foolish proceeding. But 
sociology, at. the present day, is v(;ry rapidly 
freeing itself from the r(;proach for wliicli 
perhaps Auguste Comte and Positivism are 
largely responsible. In this course we shall do 
our utmost to convince the reader that soci- 
ology is a living, Avarm- blooded thing, and is a 
lit and w orthy object for the study of even young 
and vigorous folk, w'bo take, their full share 
in human life as we know' it. We shall try to 
demonstrate, indeed, that these, and not those 
oth(;r8, are the very persons whom sociology 
needs and who need sociology. Thus, we can 
hope to dispose of one of the criticisms which 
say, in effect, that sociology is superfluous. 

“ Would Sociology have Saved 
Rome 7 ** But the illustration of sex rela- 
tions which we have adduced Avill servo 
to meet the furthc'r criticism that sociology 
is superfluous on tlu; ground that in point 
of fact societies have got along without 
it. The doctrine for which wo luTe contend is 
that men liavc certainly “ muddled through ” 
without sociology just as they liave muddled 
through in the j>ast without any science ; just 
as monkeys have muddled through, oven though 
they arc destitute of anything that wo can call 
intellect. But wo submit that the method of 
muddling through, which is, of course, one 
and the same with the method of trial and error, 
cannot be regarded as ideal by any sane person, 
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and that, even though it has aeliieved, by a 
purely unreflective and unconscious process, the 
advance of mankind thus far, yet an intelligent 
method would have achieved infinitely more 
progress in the same time, and would have 
averted a sum of luiman misery which it is 
indeed well that our imaginations do not permit 
us to realise. We have chosen a notable illus- 
tration, furthermore, wliich shows the difference 
in wortli bi^tween a social prac^tiee arrived at 
empirically — that is to say, by the method 
of trial and error — and the same practice 
arriv^ed at scientifically. The mechanical pro- 
cess of natural selection, or trial and error, 
instituted marriage in Rome ; nevertheless, 
Rome fell. How different would have been 
the result had the sann? institution been estab- 
lished, not merely by natural selection, but also 
by the conscious, seumt ifie, and pojnilar recogni- 
tion of the i)Iace of m.arriage as a necessary 
foundation — the. necessary foundation — of any 
stable society. * 

Science versus Muddle. We shall liave 
to MTite many pag(‘s eoiiei'ining the all-important 
question of Natural Seleetion, which pervades the 
whole of sociology heeaus(‘ it pervad<‘s the whole 
of life. We shall liave to show that its sway is 
ahsohitely ommpresent and ceaseless. Neverthe- 
less, wo can luMC and now justify what we have 
said as to the value of sociology, even on the 
principle of natural selection. It is trm* tliat 
natural selection, ti ial and error, “ muddling 
through,” will achieve great things if you give 
them unlimited time and care notliing for the 
appalling cost. But after morality its(‘lf, incom- 
parably the most valuable thing which natural 
selec'tion has scleet<‘d and pieserved is the intel- 
lect of man, which has been “ evolved by and 
for converse with phenomena.” This magnitieent 
product of natural selec^tion, enabling us to 
construct sociology, enabling us, for the matter 
of tlnit, to make tires, build mIk'cIs and houses, 
sew clothes, prepare food, and so on and so on, 
is also one of the characters of living men over 
which its producer - natural selection — holds 
sAvay. Thus, of two rival societies, one of which 
SAvears by “ muddling through ” or by the purely 
meclianical method of natural seleetion in its 
social practices, Avhile the oth(*r h<'lieves in 
science and in tlnr value of i)rineiplcs, and recog- 
nises tliat the best result of the old method of 
“ muddling tlirough,” or nu'chanical selection, 
is tlie emergence of the intellect, Avhich is able 
utterly to transcend this method— Avhieh of these 
societies do you think that natural seleetion 
will select ? 

History a Colossal Series of Cx« 
periments. Indeed, avc may say that the 
chief value of the age-long method of trial 
and error in social matters has been the pro- 
A’ision for the modern intellect of material from 
Avliich it may infer the great sociological 
truths. From this point of vioAv of a subject 
which may be looked at from an infinite number 
of points of vieAv, avo may — somewhat selfishly, 
perhi^ps — ^regard the whole past liistory of man 
as a colossal series of vast experiments, conducted 


absolutely regardless of cost and 'without ahy 
limitation of time. 

If sociology be a science, it must be subject to tlio 
methods of the other sciences. It must begin with 
facts — the facts of observation and experiment. 
Noav, you ma}Pmake at a cost of a few pence a 
physical or a chemical experiment which may 
be crucial and may alter the Avhole aspect of 
your science — for instance, Galileo’s experiment 
of dropj)ing two balls of different weights from 
the leaning tOAver of Pisa. But the more com- 
plex your scienci^ the greater the cost of your 
experiment. 

The Great Need of Facts. At this 
moment medicine could make the most gigantic 
advances Avithin a fcAV days but for the cost of 
the experiments that AA'oiild be necessary. One 
AA'oiild need mertfiy half a dozen criminals, and 
carte blanch to settle oneo and for all, for in- 
stance, the true relations of tuberculosis in man 
and in the loAver animals. But the cost is too 
high, for it involves tlic lives of men and a danger 
to morality. 

In sociology, Avhieh is immeasurably more com- 
plex than cA'cii medicine, the cost of the experi- 
ments is higher still. The question of tlic utility 
i)f inarriago could he s(*tth‘d once and for all by. 
Ictus .say, abolishing marriage in England for the 
next gen(*ration. But, obviously, tlu^ eost of such 
an experiment in the lives of men and womem 
and children, the cost' employed in the destrue- 
tioii of the race, Avhieh, after all, is still in the 
van of progress. Avoiild be too high. And yet, 
since sociology is a seieiice, it is in need of ex- 
periment. What Ave should like to have is an 
adequate array of facts of obs(‘rvation and facts 
of experiment. From these, as in any other 
science, avc slionld proei'cd by the proet‘.ss of 
induction to derive certain generalisations or 
prineiph‘s or huvs. 

A Wonderful Thought and a Tre* 
mendous Fact. NoAvadays the engineer 
does not build a bridge that ho thinks should 
1)0 strong enough, and then run a train across 
it and make a note in his pocket-book that 
the bridge cracked or did not crack. The 
engiiiei*r is a trained physicist. He has prin- 
ciples on AA'bieh to Avork, andbeknoAVS that, under 
given conditions, a bridge of a given structure 
will be necessary. If those conditions persist, 
the bridge Avbieli lie builds doi's not crack. 
Tins is evidently a highly satisfactory result of 
science. If, then, aa’c Avere able to derive socio- 
logkal principles from sociological experiment, 
as the physicist derives physical principles from 
pliysical experiment, then the statesman and 
the social reformer Avould bo able to build sound 
social structures at the minimum cost in time 
and life, just as the engineer is able to build 
sound bridges Avitliout first of all constructing a 
dozen bridges that crack and throAv trainloads 
of men and Avomen into the water. If only, 
then, we could make the necessary experiments 1 

But the tremendoiis fact is that all the impcyrtaist 
exjwriments have already been made. It is one 
of the greatest achievements of sociology to 
have made this discovery. 
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pVER sinct? mankind began to live in settled 
^ communities the shoemaker has been 
recognised as a craftsman whose skill was an asset 
of the commonwealth. The reason is plain. Men 
may i>lay or hunt with naked feet, but without 
shoes they cannot do constant labour or endure 
the life of the town. Wherever there are cities, 
there you see somc^ sort of foot covering. Out in 
the wilds of Nature, amid rocks and thorns and 
storms, the foot needs no eovtiring ; it adjusts 
itself to environment like otlier organs, and 
even develops to fine perfection in the process. 
Civilisation, however, brings conditions too 
insidious to be resisted by moni strength of 
muscle or vitality of blood ; the dust of the 
street pollutes whore the soil of the valley falls 
away innotmous ; the regular tread of industry 
wears the feet. 

The fii’st form of foot-covering was a sole 
fastened by thong.s round the toes and the 
ankle. The sole is the foundation and yet 
remains the most important part of the lioot. 
(Jlimate and other circumstances determined the 
materials and shapes of soles in early civili.sations. 
The bark of trees, plaited reeds, raw hides of 
animals, and flat pieces of wood, have been used 
in the making of soles. Some specimens; of those 
early foot-covers have survived in Egypt, and 
are to be setm in many museums. Egyptian 
sandals are compo.sed of plaited straws of 
papyrus, 'and very neat the work of those ancient 
craftsmen is. 

Beginning of the Craft. The bare sole 
was not a very efficient protector to the feet ; 
sand and grit got between the foot and the 
sole, and made things rather uncomfortable 
for the wearer, so a ridge was run round 
the sides of the sole. This was the real 
beginning of the shoemaker’s craft. Another 
step in the developm(mt of the .shoo was the 
paading of the sandal heel. Some veiy ancient 
sandals show tin? heel fixed on th<» flat sole, 
and others have sides without heels. Thc.se 
facts prove that the Egyptian shoe was a 
natural development, growing up irregularly, 
as natural growths do. One sandal-maker 
would think tliat a. heel pad was required to 
make the sole last longer and be more com- 
fortable to the wearer ; anotlier sewed n 
protecting ridge round the heel and along the 
sides of the foot, to keep out sand and small 
stones. Perhaps for a century or two the heels 
and the side.s were distinctive marks of two kinds 
of sandals worn by different classes of i>eople. 
At a period in the misty regions of conjecture, 
the two features were combined, and a sandal 
that was almost a shoe evolved. 

In the earliest record of human life we possc.ss 
the shoe appears as a finished piece of craftsman- 


ship, not as the production of amateur labour. 
Historians of the trade never fail to refer to a 
I emarkabli‘ painting, said to date from 1495 B.C., 
on the wp-lls of Thebc.s, in which shoemakers 
are depietc'd at work, witli their tools on the 
space beside them. It is very remarkable that 
in this painting the awl, the bodkin, the wax 
and the thread are represented. Even at that 
early time the shoemaker chose and formed his 
tools ; liow well h(5 chose, tlie fine efficiency of 
the awl bears witnes.s. 

Footwear in Olden Days. 'Hio warm 
climate of the East renders the higher (quality 
of hoot unnet*, essary. A shoe, v(‘ry little in 
advance of that worn thousands of years ag<), 
is still worn by Eastern nations. Slipp(‘rs and 
even sandals are the fashion among populations 
which can hardly be described as either poor or 
barbaric. It is to the Northern peoples, who 
work hard and build great cities amid tdianges 
of olimat(5 too severe for the naked feet, that W'* 
must look for the c‘.volutioa of the, leather hoot, 
and shoo. The (Iroeks made shoes which came 
well up the sides of the feet, and were fastened 
by numerous thongs. But it was when the 
Homans began their oonquest/S in the North that- 
strong boots covering the whole foot came into 

US(\ 

For marching in the wild forests over rocky 
ground, the Roinan.s dewised a boot, called 
the calcens^ and studded the sole with flat- 
headed nails. Our present-day Army boot 
is not far from a likeness to tJiat boot. The 
(jlolhs and Celts, whom tlie Romans conquered, , 
had already cwolved a kind of hide foot-covering 
with a sort of legging stra])ped on their lower 
limbs. Under Roman rule lb.e Saxons, Franks, 
and Britons U'arned to make slioes, and sonu’s 
of the products of those ancient craftsmen show 
a talent quite artistic. The Hhoemak(‘r became 
a fixed institution in all th(i villages of England, 
and when the governing powers had settled who 
had the strongest right to rule over the country, 
we find him t'very where, from tlu^ Tees to South- 
ampton Water, plying his craft. 

To the .shoemaker the age of chivalry, Sf>-callcd, 
was an era of queer boots. No more fantastic 
collection of footwear could he imagined than 
the boots and shoes of that period. Boots 
of steel plates, boots of chain mail, long-pointed 
boots, gold-mounted boll-girdled boots, boots and 
.shoes made of leather, cloth, and all sorts of 
materials — every variety conceivable were made 
and worn. 

The Evolution of the Boot. About the 
end of the fourteenth century, boot fashions 
bt^gan to evolve somewhat in the direction of 
rationality and uniformity, and gradually the 
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long-legged boot, extending to the thigh, oamc 
to be the fashionable footwear for outdoors. 
This was the real boot ; the articles we now 
call boots would hardly liave been dignified 
by that name by the otiginal bootmakers. 
The sea-boots worn by old-fashioned fishermen 
are the sole surviving specimens of the great 
boots. Step by st(*p the boots were modified, 
and the jack txiots, a refined model of which 
is worn by the Hoiistdiold (\avalry of tlie British 
Army, came into vogue. About the middle of 
the eighteenth century the heavy heels and 
strong leather tops hampering the knees went 
out of fashion with English genthmien, and the 
form now calUxl top-boots, and worn by postilions, 
footmen, and liveried coachmen, was adoptetl. 
Gay boots they were, with yellow lops and lac- 
quered legs and fronts. 

Wellingtons. 1’he great Duke of Welling- 
ton, with his stern prac tical sense, ordered 
his boots to be made short in the leg and fit to 
be worn under his trousers. The great leader’s 
idea at once caught on, and every liody adopted 
the Wellington boot. Up till tliis tim<^ knee- 
breeches were the dress for men ; but trousers 
became the common vogiu*, and with that came 
a modifhuition of boots. With trousers the long 
leg of the boot was unnecesjsary. Ladies con- 
tinued through all that long period wearing shoe's, 
sometimes with high heels, sometimes with, 
pointed toes, at one time plain and at another 
extravagantly ornamented, the uppers of a 
variety of different materials, but always wdtb 
leather for the soles. 

Dress Boots. At home, in the dining-room 
or in the parlour, the gentlemen also wore fine 
shoes, of light leatlH^r, with buckles of fantastic 
shapes and styles. Wlum the military and 
hunting professions of gentlemen ceased to be 
of so much importance, and peaceable pursuits 
brought wealth, the shoe tnok the place of the 
boot, and from about the middle of the eighteenth 
century on to the middle of the nineteenth the 
buckled shoo gradually drove the boot out of 
fashion. With the advent of the trousers, as we 
have hinted, the shoe gave place to the boot, 
and even on the shoe the buckle was superseded 
by the tie or lace latch. 

WorKing«men*s Footwear. While these 
changes were going on in fashionable circles, 
the footwear of the working classes also w’as 
altering. Large sections of the poorer people 
never wore boots except on Sundays, and then 
it was a pair of large jacks or tops handed along 
from one member of the family to the other, or a 
single pair was got by a iqan when he was full- 
grown by scraping pence? together, and made to 
serve his lifetime. In some districts, clogs— shoes 
with thick wwden soles — w'cre worn, and as 
money lM>eamc more plentiful among artisans 
they sought to imitate their social superiors by 
patronising the shoemaker, who made them an 
inferior kind of buckled shoe. On the other 
hand, in some districts the fashion of w’earing 
boots of a good quality never w^ent out,, because 
the shrw ‘maker ro.se or fell in status with his 
fellowh of the town or village. 
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Changes In Fashion. During the latter 

half of the nineteenth century successive waves 
of change sw^ept over the boot trade, effecting a 
complete revolution, which, because gradual, 
was scarcely. notetl outside the trade itself. The 
Wellington, the Blucher, and other forms of 
long-legged boot went out of fashion, and for a 
time the shoe, the lacing boot, and the elastic- 
sided boot struggled for the market. The elastic- 
sided boot w^as a solid upper coming well above 
the ankle, sections of clastic cloth being let into 
the side to give the boot grip on the foot. By the 
year 18S0 the battle had been decided wholly 
in favour of the lacing boot— that is, a boot with 
o])en front, closed over the foot by drawing a 
lace of leather or silk or cotton tliroiigh ringed 
liole.s along the edge of the two sides of the 
opening, the toji coming over the ankle. 

Enlargement of the Boot Market. 

Cfmtributory to the success of the lacing boot 
was th(‘ advent of boot-making machinery. 
Before looking at that tremendous event, how'- 
ever, w'C shall glance at the social factors which 
helped tlic change. Within the last thirty years of 
the nineteenth cehtuiy the mass of the British 
people became a boot-wearing population. Pre- 
vious to that time, (Country pt'ople seldom wore 
boots in the summer, and childicti, in the North 
especially, ran about barefooted till well on in 
the autumn. At the beginning of th^ twentieth 
century all this had changed. Except among the 
poor(?st, every man, w^oman, and child adopted 
the habit of wcai'ing boots winUT and summer, 
and generally had one kind of boot for each 
season. Industrial conditions made boots abso- 
lutely necessary. Town life further increased the 
need for boots— boots strong and serviceable, 
easily put off and on. 

Customer and Shop Boots. With the 
increase of wealth in the country the standard of 
life ro.se all round, and the rc.sult was an increase 
in the demand for boots among the working 
class. To meet this large and not too critical mass 
of custom, the ready-made boot trade sprang up. 
For a time it seemed as though our craft was to 
lx? split in two ; a great cleavage seemed immi- 
nent l)et,w^een w'hat we (?all the bespoke and the 
shop trades. In the bespoke trade, the boot 
buyer c’omes in and gets his foot measured, and 
the boot is made up exactly to the size and 8ha|x? 
desired ; for the shop trade, the boots are made 
up into sizes, and the customer buys the boot 
of the size and pattern that fits or otherwise 
suits. But the cleavage has not taken place. The 
ready-made boots have improved in quality and 
gradation ; the bespoke trade can be done in the 
factory. The handicraftsman has been almost 
put out of existence. 

Division of Labour. Among the millions 
of boots worn to-day, scarcely one pair in a 
thousand has been made by hand ; the great boot 
producer is the factory. The divLsion-of-labour 
principle has gone through all productive indus- 
tries, dividing up trades into parts, and sotting 
separate groups of workmen to each detail. In 
shoemaking, the preliminary step was accom- 
plished a good while before the factory was 
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thought of. Very often 
two partners or brothers, 
or father and son, or hus- 
band and wife, divided 
the making of the boot 
between them — the 
younger or more refined 
taking in hand the top 
or upper, while the other 
sewed in the sole and 
finished the boot. It is 
easy to see how this 
(’ould be extended and 
the partner become em- 
ployee. The shoemaker 
supplies the leather, .all 
<*ut, to the upp(.*r-closer, 
and pays him so much 
for tile work. As Jiis 
trade grows he employs 
another bootmaker and 
another tnpmaker, and 
soon the workshop grows 
into a factory. The cut- 
ting of the boot tops is 
given over to a work- 
man, called a rlicker, 
who does nothing but 
cut tops and lining.s ; the 
linings are given to one 
worker, generally a 
woman, and the leather 
fronts to another ; tlicy 
are separately sewn, and 
to one worker is given the 
duty of putting them 
together or joining. Simi- 
larly, the laying of the in- 
sole and the sewing of the 
sole are .sexiaratcd. Then 
came the sewing-machine. 

Boot Factory. The 
advent of the sewing 
machine marked the 
lieginnin^ of a new order 
in the bootmaking trade. 

The handicraft had beim 
broken up into small 
details, to each a separat e 
workman or group of 
workmen ; but as yet the 
whole process was carried through by hamh 
But by quickening production in the to}) depart- 
ment, the sewing machine set the pace for the 
whole factory. Bootmaking by machinery was 
bound to come. How it came w'e shall see. 

Making Boots by Hand. Bootmakers 
have been blamed for making boots that cramped 
the feet, deformed the toes, raised bunions, and 
even reduced the mental energy of the unhappy 
wearers. We emphatically deny that the blamo 
for unhealthy shapes of boot can be laid wholly 
on the shoemaker. We are the servants of the 
public, and if the people have a craze for pretend- 
ing to each other that their feet are more slender 
or smaller than they arc, lioots must be mode 
according to the dictates of that craze. Many a 
man has lost a good customer because he has 


tri<‘d to resist the foolish desire for what a p(*r- 
verted taste calls neat feet . No shoemaker wiUi 
a proper respect for his honourable craft will 
blindly copy the models set by ignorant fashion. 
He has, however, to make I’ is living in a world 
'where nothing is perfect, ana meet, if possible, 
the wishes of his customers. Tin; desire to have a 
neat foot .and a graceful carriage is as natural and 
right as the love of beauty itself. Boot reformers 
are apt to forget that grace is also worth con- 
sidering ; a healthy boot need not be also an 
ugly boot. The three leading qualities of a hoot 
are these; (1) It clings to the foot without 
cramping it ; (2) it wears well in all parts ; (3) 
it is graceful in appearance and shapely. 

Structure of the Foot. The bootmaker 
should never forget that the foot is a living organ 
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he is commissioned to cover. If the trade 
was thoroughly organised, no man would bo 
allowed to make l)oots or shoes unless he had 
passed an examination showing that he possessed 
a good knowledge of the anatomy and structure 
of the human foot. The boot is made for the foot, 
not the foot for the boot. .Knowledge of the foot 
would tend to induce a proper reverence for it. 
No more wonderful structure has been crcy.ted. 
It is irny^ossible in this work to give an exhaustive 
description of tlic foot, detailing all the bones, 
muscles, blood-vessels, and nerves of the organ. 
A standiird work on anatomy must be consulted 
by the student. 

Bony Structure. Tho structure of the 
foot is composed of ‘2(1 Ixmes, so disposed as to 
form an arch, the back pillar of which is the heel 
bone, and the front is supported by the toe- 
joints. Above the heel bone is the bone called 
'istragalufi^ which is the key bone of the foot. 
It fits into the bottom socket of the leg bone, 
puts the pressure of the body on the heel, and 
at the same time distributes the force forward on 
to the arch bones, and thence to the toes. The 
central arch bone, name<l the scaphoid, is con- 
nected with the heel bone by an elastic ligament, 
and is touching the key bone, while connected 
forward with the three bones from which the 
toes spring. The toes come out from the meta- 
tarsal bones, the large toe having two phlanges, 
the other toes three. 

Muscles. V(*ry important is the strong 
muscle extending from the inner extremity of the 
heel bone to the five metataisal bone.s, forming 
a kind of tie beam to the arch of the foot, and 
bracing the structure together. Tlic strucfiire 
is further hold and strengthened by the muscles 
coming down from fhe leg and ending on the 
bones which form the joints. 

As w'c have seen, the astragalu-s forms witli the 
tibia and fibula the ankle joint, the inner joint 
with the heel bone, and the forward joint with 
the arch bones in front. This gives flexibility 
to the foot. There are three sets of muscles 
of prime importance: (1) The muscles of the 
calf, attached above to the bones of tlie thigh 
and tlie leg, and below by the Achilles tendon 
to the heel bone ; (2) muscles coming from the 
tibia to the main arch bone ; (3) the muscles 

from the^ fibula to the outer frontal bone of the 
foot. By means of tliese muscles the main 
movements of the foot are energised and con- 
trolled. 

The Fitting of Boots. The other and 
smaller miisoJes, the blood-vessels and nerves, 
h ive also to be considered by the bootma,ker ; 
but detailed study must be carried on 
furtlier in other ways. Enough has been 
shown to indicate clearly the main structure 
of the foot. It is obvious that respect must be 
had to bones, joints, and muscles hero indicated 
by the luaktT of boots. To make an arch to 
the instep too high, pleasing to vanity as it 
may be, is, to injure the great nmsclc upon which 
fhe wJiole grace of the foot depends ; to narrow 
the boot across the instep is to squeeze together 
the lover bones of flic arch and reduce tho foot 
to tho condition of a club. We insist upon it, 
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that all those efforts after grace which limit the 
free pHy of the foot in all its parts defeat 
themselves. 

Tools and Materials. A shoemaker's 
equipment [29] is not small. In these days of 
continual effort after improvement there have 
not been wanting temptations to the shoemaker 
to p.bandon the time-honoured tools of his craft 
for new, and perhaps liandier instruments. 
We prefer to stick by the old range of tools, 
because they are the foundation of all depar- 
tures, which are various. In one town or 
district one kind of new tool is taken, and in 
other places another set of improved tools are 
accepted. 

The Bench. The two most conspicuous 
pieces of furniture in the shoemaker’s shop are 
the bench and cutting-board. In construction 
the bench is a box 4 ft. long, 2 ft. by 2 ft. the 
top and inside divided into two sections. One 
half is covered by a padded leather seat, and tho 
other is compartmented into boxes, in which 
are kept wax, taeks, sprigs, and various kinds 
of smallware. In the vertical division of tho 
bench to the right of the shoemaker as he Rit« 
wo find two drawers, tlie top one of which 
contains balls of tlax or hemp thread, c.nd 
in the lower one measures and notes on 
customers’ boots. 

Places of Tools. The division under 
the scat is usually occupied by tools not in 
immediate use, and small pieces of leather 
which may come in handy for packing. Along 
the wall behind the bench is a rack holding in 
leather sheaths the range of awls and knives 
constantly required in work. To the left is 
an iron table, wdth smooth top, and on tho 
bars under it are several lapstoncs. On a rack 
in the middle of the floor liang over a hundred 
lasts of sizes ranging from the child’s to tho 
full-groAvn man’s foot. Beside tho last-rack 
stand thick logs of various lengths, in the 
top end of whicli are stuck what look like 
iron feet. 

Awls. This is g general view ; but we must 
look closer and learn tho character of* the tools 
w^e have to handle. Some of the awls [29, A to P] 
have long handles shaped for grasping ; but 
look at the blades. They are of the finest steel, 
and curve curiously to the double-edged points. 
Straight at the handle, the curve of the steel 
aids the thrust of the w^orker as ho sends it 
through the hard feather. Other awls are 
straight «and flat on the head ; these are meant 
to be driven direct through the leather by the 
stroke of the hammer. 

Punches. Next are short-bladed piercers 
with stout handles, for making the holes into 
which the sprigs or tacks are driven. Three 
pairs of punches, one with a ncedlc-likc point, 
one larger in diameter, and tho third larger 
still, hang ready to make the holes in the boot- 
tops for lacing ring.s or ornamental patterns on 
the toecaps. 

Setting Irons. Wliilo we think of orna- 
ment, the setting irons [29N] are to be noted — 
curious steer blocks, one side with edged ridge, 
and set in strong handles. Along with them wo 
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find what look like spur rowels stuck in handles, 
little wheels that impress the leather with a 
pattern — some a line of points, others wavy 
lines, and named stitch-prickers. 

Knives. Then there are the knives, a 
perfect arsenal of blades. One broad piece of 
steel has a point curving out from the face of the 
blade ; another, shaped like a crescent with a 
handle coming from the inner centre of the 
carve, is the skiving knife ; and others of various 
sizes are straight, business-looking cutters. 
All arc kept sharp as razors by the stones n<‘ar 
at hand. The catalogue is long, but the shoe- 
maker’s tools are many. In addition to these, 
he has liand mitUms, knee bolts, wa^es (yellow, 
brown, and white), emery-cloth, sandpaper, 
rasps of different degrees of sharpness and size, 
bristles that make needles for his threads, 
polishing-black bottle, and polishing shaft. 

The TopmaKer'a Tools. Where the 
shoemaker has an upper or boot-top sewer 
in partnership with him, they hold the most of 
the tools in common ; but the sewer has his 
or her bench, and a set of fine awls, fine threads, 
a closing clamp or board that holds the top in 
its jaws while th^ sewer works, and, in 
newer shops, a sewing machine for linings and 
light leather. 

Materials. Our materials are not so 
numerous as the tools ; bat they are sufficiently 
varied to confuse the beginner, unless he has 
some warning of what to expect. 

Sole Leather. Sole leather is thick, hard, 
heavy, and very stiff. It comes to us in hides, 
and may vary a good deal in weight and 
quality. Before the clever chemists came to 
teach the tanner how to play upon the hides, 
it w'as comparatively etisy to tell the different 
qualities. The best qualities had a buff colour, 
Jind could be worked to the hardness of iron 
without fear ; the lower qualities tended to 
rod in colour, and kept soft in spite of all the 
hammering in the world. Leather may now be 
of perfect colour, and send flakes and splinters 
from under the beater before the sole has been 
shaped ; red leather may turn out quite good. 

Tests. Adulteration of leather has been 
veiy common of late years, w^eighting of the 
hide with glucose or sulphate of baryta, a kind 
of earth, being the most frequcait. For dis- 
covering the latter, you have only to draw 
your knife sharply t hrougli the edge of the leather 
and the earth will rasp on the edge like sand- 
stone. Glucose can be detected by laying two 
pieces of the leather in a damp cloth and leaving 


them overnight. If the pieces are sticking 
together with a soft, syrupy substance between 
them, glucose is present. There are other ways 
of faking leather, but if you buy from a good 
tanner, and tluire are many, you are sure to 
get a fair quality for a fair price. 

Top Leather. Next in importaiiee is tlu^ 
stock of top leathcirs. These vary in thi(;kn(‘ss 
from th(' heavy hide for making the uppers of 
stout working boots, boots for hunting, deer- 
stalking, mountaineering, and the like, down 
to light calfskins or glaee kids, for fancy boots 
or ladies’ wear. Then there are a good many 
patterns — plain, grained, p(djble - grained, 
diamond -grained, or pigskin -grained [see plate 
facing 3217J. Patent leathers — m<»rocco, russia, 
and roans — have to be stcK*-ked for fine edgings 
of liigh-class boots ,.nd shoes, to<*eaps, or fronts 
of ladies’ slippers. Going on from heavy to 
light, we come to wash leathers, s])lit shoe]), 
calf and goat skins, for linings and bindings. 
Light ])ieoc3 of hide called offal by the tanner 
are needed for insoles and packing. 

Fine Leather. Expedience alone can 
teacli a man how to be independent of the 
honesty of the leather merchant in dealing with 
those to}), fine, and fancy leathers. Of course, 
he must learn, and that very quickly, to tell the 
difference between a pebble-grain and a box- 
grain, or a. roan and a russia leather ; but that 
is not a difficult matter to an intelligent 
person. 

Various Materials. 'Phe independent 
shoemaker has to stock a good deal of iron- 
mongery and drapery, which must be judi- 
ciously and carefully stored. Linings of cotton, 
linen, canvas, felt, and cloth, straps of mohair, 
flax, and cotton ; soles of felt, cork, canvas, am I 
pasteboard fill up a good many shelves and 
drawers. Wood pegs, brass and iron rivets, 
sprigs, sparables, hobs, heel-plates, toe-plates, 
boot-protectors, rubber heel-plates, eyelets, 
buttons, and patent fasteners of many k intis — 
all these till up the drawers and stock boxes of 
our workshop, and ab.sorl) a lot of ca]>itai. 

Our inventory of boot making materials is 
general ; tlu're arc many things used by special- 
ists we liave barely noticed. The things 
emimeratt‘d are common to the whole trade, 
ami should be known to every craftsman. We 
hold strongly to the opinion that the beginmn* 
ought to be taken through the stock-room and 
shown every tool and material of his craft, with 
exj)lanations of their uses. This is the main 
intention of the present section of our course. 


Continued 


3877 



Group 26 

SHOPKEEPING 

CYCLOPiSEDIA OF SHOPKEEPING 

MOTOR-CAR DEALERS. Prospects of the Business. The Garage and 

27 

its Requirements. Prices and Profits. Motor-car Repairs 


MUSICAL INSTRUMENT DEALERS. Training. The Importance of 

eontljuied from 

p.iKe 374') 

Tuning. Buying and Selling. The Hire-purchase System 


MOTOR-CAR DEALERS. 

Thi* time when the selling of motor-cars can 
fairly be included under the term sliopkceping 
lias not yet arrived, but something of the ])ossi- 
bilitics of the business may be discussed, if only 
in the light of intelligent anticipation. The 
difficulty does not lie in the actual selling, but in 
the circumstances attending tlie new(‘st of our 
industries, '^fhe fact is that the manufacturers 
of motor-cars arc not anxious to enlist tlie 
services of the middle man at j>r<\sent. Tlie 
public is in no mood to purchasii otherwise than 
direct from the manufactur<'!rs, or, if the car 
be of Continental make, from the lirst-haiid 
agent in this country, or of the importing Hrms. 

Cycles and Tricars. This statement, 
however, hardly applies to triiuirs, and cer- 
tainly not to motor cycles. The latter have 
already been redu<‘<?d in price to reasonable 
figures — there are now good machines to be 
retailed at about £30 — and many agents have 
done well by investing in a single macliine, 
by riding and showing which they have been 
able to dispose of others in large enough numbers 
to make a success of the business. A good 
many riders prefer to buy a machine which 
has been “ tuned up,” and it is certainly a 
promising risk fo buy a motor cycle on the 
chance of disposing of it in due course. 
Practically this way of doing the business is 
the only likely one at. present. 

Motor cycles and tlie profits which they carry 
are disciisscHi page 2094. The profits on 
motor-cars are not as satisfactory upon a per- 
centage basis as are those of the motor cycle. 
On tricars, which arc made by cycle manu- 
facturing firms, the inducement is fairly good, 
lieing up to £25 profit per car, and occasionally 
more, but on the heavier vehicles the prospect 
is less enticing. Ton per cent, commission, and 
sometimes 1,5 [ler cent., is as mue-li as motor-car 
manufacturers will allow to the agent. If 
business can be don<> without holding stork, 
and if the customer pays cash, orders arc*, 
ho ever, well worth seeking. 

Tliore are good profits on accessories, some of 
which are subject to 30 per cent, or more dis- 
count. 

Small Cars. The three-wliceler, or tricar, 
holds the fit'ld at present, but sooner or later it 
seems destined to be displaced by the car on four 
wheels. from £6,5 to £105 the tricar is dear, 
and in the matter of maintenance is not so 
economical as a four-wheeled vehicle. Already 
tliere -ue a few of the latter type to carry 
two pcioons purchasable at or about £100, and 
it is safe to predict that five years hence buyers 
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will find a choice between lialf a score at or 
below that figure. When that time comes the 
agent in a small way will get his chance. With 
more competition the makers will be keener to 
liavc liis co-operation. 

Th(i present systi^m of deferred payments 
will be modified so as to enable agents to profit by 
introduced sales. As tilings go now, commis- 
sion on deferred sales is rather grudgingly 
accorded because they are rare ; for, as wo have 
SvM‘n, the buyer goes direct to the maker. 

Prospects. At firesent high -power (sars are 
very expensive, .and, indt'od, unreasonably so 
compared with other work involving the same 
class of workmanship and similar materials. 
'Hie makers, of course, have a good case in the 
argument that tin? initial expenses have been 
(‘normous, and therefore that the whole of these 
high profits must he secured to themselves at 
present. Later on this cry will no longer he 
1 enable, and then all will be altered — motor- 
driv<*n vehicles will be designed for the lightest 
classes of business, and a big industry on sound 
business lines will developed. This will 
displace the present necessary but not altogether 
desirable system, which has o])ened the door 
for a whole round of commissions to the friends 
of buy<*rs, wlio are not always disinterested in 
tendering nd\fice. Aforeover, as things stand, 
“ oiling ’’ the drivers is alleged to be inevitable, 
and thus the agent is not unnaturally a little 
shy of the whole business, which, under any con- 
ditions, involves the investment of considerable 
capittil. 

The Garage. Still, something can be done. 
As ■we have already shown, business is possible 
in small ears and motor cycles, and there 
are openings in many towns for the starting of 
garages where cars can be stored, accumulators 
cliarged, repairs undertaken and accessories 
retailed. Of course, in every such establishment 
motor spirit and suitable lubricating oils must 
be stocked, and although the profits on these arc 
low, and the conditions under which the former 
is stocked are somewhat onerous, these com- 
modities bring otlicr business, and cannot be 
ignored. 

The first provision of a garage is an inspec- 
tion-pit, which must be brick-lined. The host 
<limensions for this are 42 in. wfidth and 54 in. 
depth. The length of the pit depends on the 
building, but it should be not less than 6 h. 
The brickwork round the top edge should be 
rebated, to afford a 2 in. bearing for a IJ in. 
w^ood cover. If expense bo not a serious item, 
steps at one end are well worth including in the 
scheme, artd drainage of some sort will be 
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necoBsary. If there happen to be any diffienlty 
about making connection witli a drain, as might 
lie the case in a country district, a hole 3 ft. de^p 
at one comer, half -filled Avith shingle and coke, 
and covered with an iron cover, may answer, 
although obviously such a plan will involve 
l>criodical cleansing and renewals of the coke, etc. 

Garage Equipment. The usual precau- 
tion of not having a naked light in the motor- 
house must be stringently observed in respect 
to the pit. If the electric light is not Jivail- 
able, only a Davy lamp should be pernutted in 
the place. 

'Tlie agent who undertakes repairs and docs 
them in his garage will have to face the problem 
of heating the building in winter. The ideal 
plan is to sink a small boiler-house or lean-to 
outside the main building, and to install pipes or 
radiators inside the garage. The absolute 
necessity of some such provision will be appreci- 
ated after a sudden drop in the temperature 
during the night, resulting in a cracked water- 
jacket in a customer’s car. 

Another special apparatus necessary w'ill ho 
the vulcaniser. This device for repairing cuts 
and bad places in the tyres will cost the 
agent from £3 upw^ards. ’’rhorc are several 
patterns on the market, ^fost of them depend for 
heat upon steam, generated by a gas jet, or a 
blow lamp ; but in one at least the heated sur- 
face is derived from iron blocks which can he 
made hot in a forge. 

3’ho third essential feature in the agent’s 
garage will be the provision of means of re- 
charging accumulators for ciistomers. The 
agent who can command the use of current 
from electric mains will do so. The cost in that 
case will not be serious, for a charging board is 
not an expensive affair, [f the district is out- 
.side the area of any of the electric supply 
companies, a primary battery and resistance 
board will have to be installed. 

Repairs. The would-be dealer in cars 
and motor cycles must cultivate the repairing 
business. First, if he be a fitter or mechanic 
he might get employment in a garage, where 
he w'ould have opportunities of learning some- 
thing of the mechanism of various cars. 
With the knowledge thus acfpiired, and if 
he <*an command the use of £100 or £200, he 
can take promises, build his own pit, put 
down a lathe, grinding machine, drill, electric 
charging and vulcanising j)lant. There is 
available to the man who wishes to perfect 
himself in the knowledge of motor-car details 
a considerable volume of literature which 
is by no mc^ans expensive. Mr. Worby Beau- 
mont’s book on the subject is, of course, the 
classic, but as it costs about two guineas it will 
not be within the reach of the individuals we 
have in mind. Ilow^ever, from the list whicli 
follows he will be able to select suitable and help- 
ful books. Mr. Douglas Leechman’s “ Autocar 
Handbook ” (215 pp., 102 illustrations), costing 
only Is. 6d., contains plenty of elementary infor- 
mation about the motor, and something about 
the ch&ssis and gears. It is published by Iliife & 
Sons, Ltd., of Coventry and 20, Tudor Street, 


E.O., which company also publislies a capital 
handbook on “ Motor-(Uar Repairs,” at 2s. Od., 
and a third publication, “ Useful Hints and Tips 
for Automobilists.” The last is a collection of 
more than 500 hints reprinted from “ The Auto- 
car,” which is the leading weekly (3d.) connected 
with the sport and industry. A more expensive 
book is W. PoynUT Adams’s “ Motor-Car 
Mechanism and Management” (174 pp., 22 
diagrams). Only one part, dealing with the 
fxjirol car, lias been issued up to the present., 
but others, treating of the electrical car and the 
steam cari'iage are promised. Kaeh part costs 
.5s., GriflTm & (’o. being the publishers. On 
the very intricate subject of ignition, the Cycle 
Trade Publishing Co. have published T. H. 
Hawley’s “Motor Ignition Appliances” (137 pp., 
43 drawings). It is an <?xasp<*rating book to 
read, owing to the long and involved sentences 
afTiJctcd by the author, who, liow'over, covers 
the ground w'cll, and gives the purchaser a 
generous half-crowm’s w-orih. 

Finally, we may mention “ Petrol Motors and 
Motor-Cars,” by T. llyler White (187 pp., 44 
diagrams). Longmans, Green & Co. publish this 
at 4s. (kl., and it may best be described as the 
handbook of the designer and draughtsman, 
’riie principles underlying construction, with the 
formulfc for determining the correct proportion 
of the engine details, brakes, transmission gear, 
etc., are discussed in this eminently practical 
volume. 

With a moderate capital, some experience, 
and a determination to master the principles 
uj>on which a car works, a start could bo made 
whicih might bo expected to provide a moderate 
living at once, and to fumisli the basis on which 
to build up a successful business in the near future. 
What we Aviwsh to point out is that the practical 
mail has a better chance of making a success than 
his fellow wlio has been imgagcd only in buying 
and selling, and whose early training has been 
along commercial, rather than mechanical lines. 

MUSICAL INSTRUMENT DEALERS 

Under this heading is comprised the shop- 
kci'per who deals not only in musical instruments 
and their accessories, but also in sheet music. 

Many a now protitable music business has origi- 
natiHl in a private house. The reason for this is 
that the first essential for success in this special 
spherti of (u)mmcrcial activity is a jiractical know- 
ledge of the business. ’J’he second desideratum is 
care in bookkeeping. A good accountant ha.s 
often succeeded Avhere the purely practical man 
has become bankrupt. In Great Britain a l>e- 
giriiier w ith small capital should avoid attempting 
to startle his neighbourhood at the outset, llic 
tyro has not much choice as regards a site if ho 
purchases the connection and goodwill of a 
going concern. 

Apprenticeship. There is no type of 
business misunderstood more often than is that 
of the music -dealer. If a young man, or a young 
w’^oman, show musical aptitudo nowadays, and. 
be a failure in a professional sense, he or she is 
consideriHl qualified to open a music -shop. Such 
establishments are soon closed. The best recipe 
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against shipwreck is to be the son of a successful 
music-dealer and to have profited by his ex- 
periences. But, for those unable to select the 
occupation of their parents, the best way to 
ensure success is to have the training of a 
piano-tuner and be possessed of good credentials 
from a firm of standing. In old-established 
London factories to-day lads .are indentured 
as apprenti(5(?s for tuning at the age of fourteen. 
’Fhe apprenticeship })eriod lasts from five to 
seven years. 'Fhe usual procedure is for a lad 
to go to a recogrnsed firm and olTer his 
servi(;es in relairn for tuition in ))iano-tuning. 
In sonui factories a small remuneration is off(^red 
to the apprentices, but in the majority of 
eases the beginner works for no p<^eiiniary 
reward. An apprenticeship in a j)iari() fatdory 
is d^'sirablo for learning piano-tuning properly, 
not so mu eh becaust; the I.ad gtds to know the 
internal mechani.sm of different types of pianos 
but he has constant practice in actual tuning all 
tlic time. Some historic makers (charge pre- 
miums for apprentices, and if the youth's 
]mronts can afford it, tlie exjjense is justified 
l)y the experience gainer 1. 

Assistantship. Apprenticeship over, the 
next step for the youth is to g<‘t a position in 
a retail music shop as an improver. There 
(whore probably he will be paid £1 a wt^k) he 
will have old pianos as well as new one.s to 
tune, and he will learn from the old instruments 
many matters he has no opportunity of dis- 
covering at the factory. Moreover, hci gains 
experience of retail business methods, and after 
two years should bo eompetont to servo as what 
is known as an “ outdoor tuner,” When such 
skill is attained, the next move is to get the 
employer to send him out to tune the pianos 
of customers. It is understood that the shop 
selected for the improver is one in which 
not only pianos ))ut musical instruments of all 
kinds are sold, and sheet music as well, so that, 
while advancing in piano-tuning — which, after 
all, is the main thing — he is also learning other 
necessary departmon ts . 

The prices and profits secured for and by the 
.Scale of all kinds of instruments, sheet music, 
.and musical adjuncts, and the geniTal j)rinciples 
of business have to be diligently aecjuired during 
this period. To excel as a tuner it is not 
nec’ossary to be what is known as musical. 
Some of the host tuners are not pianists. There 
is no greater mistake than to imagine that 
the child with a good “ear for music” will 
make a successful timer. An apprentice who i.s 
ambitious, nevertheless, will always learn suffi- 
cient of the art to enable him to jday Avith 
facility arpeggios and chords so as to “try” 
the tone of any instrument. 

Opening a Shop. Before deciding to 
start in the music business, it is very 
advisable to haA’^e a tuning connection as a 
bajsi.s. This is an important point, for ex- 
perience hiis proved that man cannot live 
by music selling alone. Practical men who 
have gone through the mill know that the 
beginnet should have a connection of at least 
300 tunings per annum, and one-third of that 
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number should be regular contract tunings. 
Tlio usu.al charge for tuning a piano is Ss. 6d., 
and five pianos per day is an average day’s 
w'ork. 

Although, in the music trade, connection is of 
greater value than mere advertisement, the 
latter should not bo altogether neglected. 
One prominent music -dealer Avhom we have in 
mind advertised in a manner which gave the 
maximum rcisult at a minimum cost. All he in- 
serted in the local newspaper was, the first week, 
“ Wanted, 1,000 pianos to tune,” Then followed 
his name and address. Next Ava'ek the Avording 
was changed to “ Wanted, 995 pianos to tune.” 
The figures grjidually diminivshed in this AA'ay, 
.and the impression given Avas that< the new- 
comer had succeeded in getting considerable 
bu.siness. 

The Window. One of the cheapest ad- 
A’erti.scments for the musie-dealcr is to have 
his shop-front dressed as attractively as possible. 
In quiet country toAvns the m.agnetic qualities 
of a wadl-arrangod window ..re much undervalued. 
It is a mistake to show the same goods con- 
tinually. The AvindoAvs should be kept scrupu- 
lously ele.an .and not overcrowded. Ktlective 
dispLays need not entail expon.se. The most 
us(‘fu! rdass of j)assers-by can be attracted by 
photographs of musical celebrities. For violins 
or brass instruments, a plush curtain forms a 
good b.ackgroiind. Musical accessories, sucdi as 
gramophcAiios, metronomes, .and glass insulators 
for the piano, can be grouped artistically. Frontis- 
pieccii of ncAv music are supplied by publishers 
for Avindow display so as not lo soil the music 
sold. But such t-itlo-pages .should be alwiAys 
up to dtite. Ft is seldom that a beginner in the 
musi(! trade has room to show pianos in his 
AvindoAv. Should he be fortunate in this respect, 
c.are should he taken to have a blind ready to 
be loAvered so as to secure temporary privacy 
when the instrument is tried. 

Advertising Materials. The retailer 
.should t.ake full advantage of all lielp in adver- 
tising he can get from the makers of instmments 
he particularly represents. Some firms of enter- 
prise are generous in this respect by ( 1 ) supplying 
w^eli-framed and artistic showreards ; (2) defraying 
the cost of decorating the window with enamelled 
letters and coats of arms illustrative of Royal 
appointments they hold — hut in this easc^ 
there must not be loo much display of lettering 
on the front of the shop ; (3) supplying music 
Avrappers with api)ropriate advertisements ; 
(4) and various stationery, such as letter paper 
and hill -heads bearing the dealer’s address 
as well .as pa\ advertisement of the pR.rticular 
agency. Intelligent use of all such matter 
cfYcets not only a considerable saving annually 
for the beginner, but stimulates business. 

The Shop and Fittings. The founda- 
tion for the stock required in a music shop 
is often laid by the wide-awake young tuner 
Avhile living at home. In the course of his 
vocation he has the opportunity to acquire 
cheaply second-hand pianos from ciistomors 
who Avish, for a variety of reasons, to dispose of 
them. In the course of a year or two ho may 
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thus become the owner of several pianos, which 
he can keep in his private house until he finds 
it desirable to start a shop. The neighbourhood 
should be carefully selected, and should be as 
near as possible to the centre of the disti’ict where 
his tuning connection lies. The shop must of 
necessity be fairly good, w^^ll decorated and 
attractive. Tire fittings requiretl arc merely the 
usual counter, one or two glass ('ases, aiid letler<‘d 
cardboard portfolios for music, all of which 
should cost not more than £10. 

Stock. Owing to unclu^ckcd 
sheet music, there is at present no profit in it 
in Great ]lritaiii. Yet it is useful in keeping to- 
gether a connection, or for attracting fresh cus- 
tomers. 'rile tyi)ical music-shop is stocked with 
medium-priced and <!hoap pianos, American 
organs, self-players and phonographs, violins, 
mandolines, and other stringed in.striimenf s, 
military wind instruments, besides the “ clieap 
lines,” suc.h as melodeons, w'histles, mouth- 
organs, fiddle-strings, and various accessories. 
'I’herc is no need, at first, to tie up capital by 
keeping all sucli goods in stock. Vianos, 
and, in fact, nearly all musical instruments, 
may be obtained from the wholesale housi's 
or factories on sale or return. They seldom 
need to be paid for until actually sold. Of 
cour.se, if the beginner has a eajiital of £100 or 
£200 to expend, it is advisable to pay for as 
much of his stock as he can, so that he may 
be independent of trade creditors. With 
a few second-hand pianos acquired before 
starling, the beginner has already a show. He 
may then order half a dozen new' pianos of 
various prices, and tw'o American organs on 
approval. 1'hon he can order, in the sanu^ 
wfiy, or paying cash for t he “ small goods,” throe 
or four violins and three or four mandoliiK^s, and 
a judicious selection of aceordcons, concertinas, 
autoharps, flageolets, w'histlcs, mouth organs, 
jaw's harps, music desks, fiddle and mandoline 
strings and fittings. A sum of £20 should suftic(‘ 
to make a good display and give a vari(‘d 
stock of these goods. Another £20 would be 
expended on sheet music, carefully selected 
and varied to suit all tastes. The selection or 
particular kind of stock necessary can be gaug(‘d 
only by carefully anticipating the needs of the 
neighbourhood, and it is here that the 
judgment and foresight of the beginner must b<? 
intelligently exercised. The large houses issue 
well-illustrated and comprehensive catalogues 
showing exactly every detail of articles w^anted. 
The scops in small merchandise should not 
be overlooked by a beginner, as it is often 
relatively more profitable than tlic liigh-elass 
trade. 

Sole Agencies. To prevent underselling, 
manufacturers of standing, with but few' ex- 
ceptions, nowadays appoint a sole agent for 
each district or town. He has the right to 
arrange sub-agencies. But there is little profit 
derivable from a socondaiy appointment. The 
beginner will liave no difficulty in ascertaining 
the names of the sole agencies held by established 
rivals in his locality. There are so many makers 
of repute that it should be easy to add another 


name to the list. A glance at the advcrtisenuuils 
in the “ Music Trades Review ” or f he Musical 
Opinion ” will enable the new-comer to approa^^h 
those houses mo-st likely to ho useful to him. 
It is desirable to acquire the sole right to 
sell, within his town and tlu" jinvi covered by 
liis tuning connection, one high-<^lass make of 
piano and one medium class. At the annual 
Music Trades’ Exhibition, if he has jmi 
opportunity of visiting [.ondon, he w'ill be {-.ble 
to arrange for a cheap line and be sure of getting 
valium for bis money. The point is to see that 
such instruments stanil in tune. "I’oueh e-nil 
tone-quality are st'condary (Considerations, 
although they riiiik first w'ith high-class makes. 
On fhe choice of the cheap line will most likely 
de pend tlio success or failure of tlie new btisiness. 
To evety expensive instrument sold, probably 
a dozen cheap pianos will he dispensed of. As 
the price is cut as finely as possible, and such 
instruuuaits may b(c obb'tiiual wholesale from 
£10 apiee(*, the dealer is expect (‘d to pay promptly 
for them. 

Hire System. Wlum instruments an' 
sold retail on the instalment plan, the profit 
on th(*m furnishes the dealer’s main source of 
income. But if this capital be small, the rock 
on w'hieh the practical man usually comes to 
grief is selling too many instruments on the hire 
system. Sometimes, even in cheap lines, manu- 
facturers, eager to do trade, hold out the induce- 
ment of extended credit , and accept bills. Wh(*n 
such bills become due, it is difliiailt to rcnc^w them. 
To give acceptance for goods received is always 
dangerous. Unable to find tlie necessary money, 
owing to the pianos received having boon sent 
out on the hire-purchase system, the dealer is at 
the mercy of his wholcsah^ “ friends.” is 

fortunate if they take over his busim^ss, ref aining 
him as manager. In that case, he w'ill g(^t a 
small salary and a commission on sales, so that, 
however hard ho may w'ork, a third party, 
unknown to his neighbourhood, pockets the 
harvest which should otherwise have been liis. 
Many prosperous music-dealers owc^ fht'ir 
financial success to observance' of the rulo 
never to sign a bill. 

Making a Connection. As regards the 
medium and high-class makes, these give the 
new’ business its reputation and furnish the oon- 
neetion w'ith its best customers. Wluuiover 
an instrument of 50 guineas or upwards is 
sold, the dealer will have little (rouble in 
arranging to tune the instrument periodically 
by yearly contract. According to tlie distance, 
so th(^ price for four fjuarterJy visits ranges from 
12s. to 42s. per annum, a reduction being mad' 
for a si^eond piano in the same house ; and tlu 
tuner, after ho has done his w'Ork, gets the 
eontract-eard signed, tis a proof that the instru- 
ment lias been duly attended. 'J’his is valuable 
to ref^r to when disputes arise after Christmas, 
before bills are paid. The new-comer will find 
tliat two sole agencies are sufficient for him. He 
should concentrate his energies on selling those 
instruments, but, l>eforo doing so, should \yo 
careful that the agreement ho enters into with 
makers is so worded that, directly a demand is 
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created, the agency may not be taken away from 
him and put into other hands. 

Commissions. It is in the sale of the higher 
cIukSS instruments that the question of commission 
arises. Tlio music teacher, who has been the 
means of bringing an ordtT for a ))iano to the 
dealer, naturally exj)ccts to be reimbursed for 
the time and trouble lui has taken in the matter. 
Hut since the London Co-operative Stores, by 
giving wholesale orders, have been able to buy 
in bulk at di^alcrs’ prices, and have sold musical 
instruments to tlu^ public for easb, on terms 
formerly reserved for mtunbers of the musical 
profession, profits on cash transactions liave 
greatly diminished. As the amateur purchaser 
reeeivoH stores prices, the margin left is nominal. 
Yet the intermediary is not likely to go out 
of his way to influence business if he do(‘H 
not receive back his expenses. IV^hat the I^aw, 
in recent enactments regarding secret com- 
missions, stipulates is that an intermediary may 
act either on behalf of the seller or on behalf of 
the buyer, but he cannot represent both parties. 
Obviously, the music tt‘aoher, when he chooses 
a piano, and stands sponsor for it, endeavours to 
select the best instrument he can to help on the 
studios of his pupil. Therefore, as lie is acting 
on behalf of the purchaser rather tlian the seller, 
it is becoming the rule of the professor to tell the 
parents tlie professional price, and add to it a 
reasonable fee for his services in that matter. 
Under such cireumstances, no subsequent claim 
is made on the dealer. 

Three Years* Agreement. Before 
supplying any musical instrument on the system 
of Jiire- purchase extending over one, two, or 
three years, the dealer should bo careful to get 
a legal form signed find witnessed. It should 
btmr a sixpenny stain]), fully describing the 
piano or organ HU[)pli(Kl, and slate the amount 
of the instalments and the dates when they 
become due. But the main object of the docu- 
ment is to make clear that until the instrunumt 
is paid for it remains tlx' prof)crty of the dealer, 
and cannot bo distrained for rent by a landlord, 
and that, in the event of its being destroyed by 
tire, the hirer agrees to continue to repay its 
value. In the event of the instalments falling 
into arrears, tht^ owner also has the right to 
recover tht^ instrument. Legally-worded forms 
are obtainable from the office of the “ Music 
Trades Review.” In exceptional cases, dealers 
have been unduly hard in resuming possession 
of a piano when almost all the instahm'nts have 
been met. Sharp practice of that kind is, liow- 
ever, rare. It does not ])ay. What does pay 
is to hire out instruments on this system to 
customers whose instalments are received 
punctually, so that the dealer can not only meet 
his obligations to the manufactur<*r, but give 
the latter fresh orders. Care, therefore, should 
be exorcised, in the first instance, to insuK that 
the customer is honest, and a couple of referenct^s 
should be required. 

Exchanges. Naturally, the first endea- 
vour of tlie music dealer must be not only to 
BUjiply wliat is wanted, but to make each trans- 
action yield a profit. This is a difficult matter 
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when orders lor new instruments involve taking 
back old ones. People attached to old pianos 
fail to understand that modern improvements 
have rendered them out of date and commercially 
worthless. The outside may bo “as good as 
now,” and the original cost £150, but the twenty- 
yt^ar old grand is probably not worth £5. 
Nevertli(‘less, tluj dealer may bo obliged to offer 
£10, and his only way to dispose of it will 
probably be to get a traveller to take it off 
iiw h.ands, at the best price possible, condi- 
tionally on his giving the latter an order. 

Ordering Music. Travellers’ terms for 
mu.sic are more tempting than those offered by 
the publisher direct. The latter, when he brings 
out a new song or piano piece which he believes 
will becomes popular, speculates by printing a 
considerable number, and offers exceptionally 
liberal terms tlirougli his traveller to induce the 
dealer to share the risk with him. But the 
beginner cannot take risk.s. Ilis music shelves, 
iMifiring the words “ 8ongs,” “ Daneo Music,” 
“ Ifiano Solos,” “ Piano Duets,” etc., are mostly 
often dummies. It would not pay him to k<?op 
in stock the entire rei)ertoiro of the average pro- 
fessional or amateur musician. Instead, he 
orders single pie(‘es of music; by post direct from 
I.(Ondon through some friendly ])ublisher who 
acts as collector for him. Some dealers make up 
such a list of music wanted twice a w(;ek on 
order sheets. In any ease, a music-dealer should 
never depute an underling, however honest ho 
or she may 1 h\ to give orders to travellers. A 
ease oeeun‘od a few years since where a lady 
assistant was entrusted to order sheet music from 
samples. Instead of distributing such orders 
impartially to the different representatives who 
called, she })ut all her eggs gradually into one 
basket. Tlu* result was that whem, at the end of 
the year, the proprietor came to take stock, he 
found his shelves loaded with ephemeral songs 
and dance music bearing the same imprint and 
worth the price of wastepaper. A golden rub; 
is always to have the hands (;lean wdum showing 
sheet, music. Once soiled, it becomes unsaleable. 
If possible, it should be put away into its case, if 
not wanted, before the customer leaves the shop. 
If there is small profit on sheet music, a better 
investment is to be found in albums of standard 
songs, pianoforte sonatas and oratorios. These 
do not spoil by keeping, nor get out of date like 
comic songs, ballads, and dance music. Some 
houses have an ingenious plan of furnishing 
entire libraries of classical music, indispensable to 
teachers, on favourable terms, provided that such 
st(K;k is insured against fire or other damage, 
and the mu sic -seller immediately orders a fresh 
I)icco to supply any piece sold. 

Looking after the Shop. Better have 
no shop at all than not look after it properly. 
To many a beginner in the music trade, how to 
be in two places at onco is a troublesome problem. 
Ilis main source of income may depend, at first, 
on his tuning connection. That cannot bo 
neglected. Prospective purchasers have to be 
waited upon at their residences with catalogues, 
etc. During such visits, a customer, who should 
receive special attention, may call at the shop. 
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It is here tliat the intelligent co-operation of a 
sister or wife has often been the making of a 
young man. Ladies have more patience with 
callers whose visits are unprofitable. It is un- 
necessary to have served a long tuning apprentice- 
ship to bo able to waste half a day exchanging 
sheet music or selling fiddle strings. Yet this 
has to be done. The young dealer sliould arrange 
his work so as to be in charge of the shop on such 
days which are busiest in the week. In country 
towns, this is generally when market is held and 
jHJople make their purchases for the ensuing 
week. It is suicidal, however, for the beginner to 
neglect his tuning connection for the sake of the 
shop. If he is not in the happy position of having 
a wife or a sister to look after the place in his 
absence, he should engage an alert lady assistant 
at a cost of I.^>s. to £1 a week. Some tuners 
teach piano playing, and it may possibly pay 
to engage a lady teacher to play and teach 
in the shop, looking after the retail business 
in the meanwhile. The fee usually paid to a 
proh'ssional in such a case would be £1 a week 
with a commission on the teaching. 

Repairs. The practical tuner, on his rounds, 
frequently has to attend to minor repairs. A 
keyboard instrument, unlike a violin — although 
that often requires seeing to — has much mech- 
anism which wears out after a certain time. To 
repair a piano thoroughly, the shop must be 
provided with an apartment containing a bench, 
a hammer-covering machine, and other appli- 
anctis. To fetch the instruments, a van will 
have to be hired, or, if that is not obtainable, a 
cart, should it have no springs, must Ix) lined 
with straw. The repairs will probably occupy 
two months, and another instrument has to be 
supplied meanwhile, its iise Ixung included in 
the estimate given. For re-covering liammorH, 
the usual charge is from £3 to £5, while a thorough 
repair, according to the work necessary, may be 
from £10 to £30. Where the workshop is not 
fully equipped, it is Ijest for the dealer to send 
the number and other particulars to the maker, 
get an estimate, and then forward the instrument 
to headquarters. It is advisable at first to send 
as many of the small repaim as possible to a 
fiictory, for such work must bo completed 
without delay, and the tuner's time can be hotter 
employed. 

Taking Stock. The practice of shutting up 
during the afternoon on the now customary 
“ Early Closing day gives the beginner a weekly 
opportunty to make up his books, attend to 
repairs and other matters of importance without 
being interrupted by visitors. A man w'ho has 
been trained as a practical tuner and not as a 
clerk often finds the clerical work irksome at 
first, but if he does not master the rudiments of 
bookkeeping he cannot hope to Ix) successful 
financially- A good chec^k on each day’s takings 
is an automatic cash register. All items should 
bo entered in a day book and transferred into a 


ledger. A diary, in which is recorded the dates 
of tuning visits due, should always bo kept up, 
and customers informed by postcard before each 
visit. But a very imixjrtant matter is not to 
neglect taking stock. This should be done once 
a month, and most carefully at the end of the 
year. It may involve considerable work to go 
fhrougli a ((uantity of sheet music and musical 
accessories which have accumulated. It is 
lx>lfer to sacrifice profit and get rid of them, be- 
eaus(^ a “ sale ” may attract now customers, and 
space is always of value. The main point is that 
the dealer should balance up his books periodic- 
ally so that he may know liow he stands finan- 
cially, and reduce expenses in certain w'^ays if he 
finds his liabilities increase unduly. 

Aids to Business. The tuner who is 
also a good musician may perhaps increase his 
success in the neighbourhood by organising 
at-homes, eoneeris, and so forth, and by playing 
ill private houses. Tlie usual fee for such 
service is from 10s. Od. to £l Is. per night, 
but it is fatiguing work, and ruinous to health 
if kept up for any length of time. Although a 
matter of £20 to £30 a year extra may be made 
in this manner, and it may be helpful as an 
advertisement in the district, it should be <lis- 
eontiiiuod as soon as possible. 

Hiring out pianos to concert halls and to 
parties is another way of making an additional 
income, and an. able man is always ready to 
supply orchestras, etc., for evening parties, 
all of which should bring profit in the way of 
eomniissions. But these things are subsidiary 
to tuning, which should bo sedulously nurtured. 

The Question of Profits. The average 
percentage of profit on the sale of music is 
a small one. It must not be forgotten that the 
articles sold are, in a .sense, luxuries, unlike the 
m^cessitios of life supplied by a grocer, butcher, 
or similar shopkeeper. The average of profit 
on the direct turnover should actually realise 
from 30 per cent, to 40 per cent. Sheet music 
of the cheaper .sort bears a big profit usually 
— a sixpenny song will cost less than threepence 
— but the higher-priced music, that marked 4s., 
but actually selling at Is. 4d., costs about 
Is. 2d. wholesale, and sometimes more. There 
is therefore no profit in selling the dearer music 
undc*r present conditions ; but there is a big 
future for cheap music, provitlod the cutting of 
price is eflectually prevented. It is not only that 
the depredations of the music pirates ” arc to be 
<leplored, but that the suicidal undercutting of 
priee.s between oru; dealer and another in the 
trade prevents a living profit being obtained 
for everyone. The music trade has its po.ssi- 
bilities for the intelligent dealer, and par 
iicularly for the careful, efficient and well-trained 
tuner. IIvtc are so many imperfectly-trained 
and incompetent “ tuners ” at work that the 
energies of competent and careful men, if 
properly directed, reap a rich reward. 
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By JOSEPH G. HORNER 


pNtJtNRKRS’ cop]KTsmitlimg is a spooial 
^ branch of work clone by men w'ho have 
usually be(‘n Irainocl in engineers’ w'orks, and 
have thendore had no exjKU’ieiuu^ as braziers or 
artisans in cooking utensils. It includes the 
work of the marine and locomotivt^ shops, of 
brewing utensils, sugar -pans, and some pump 
parts. The principal kinds of article's treat ed 
are j>ipes, In^nds, tees, v ilh their fla.iiges or other 
fittings, steam -dome co\ (Tings, safety-valve 
covers, coppers, pans, etc-. The simps are larger 
than those of the ordinary brazier's, and the 
appliances are larger, and some are of a special 
character. The work of tlu^ engineers’ cop|)er- 
smith has Ijeen invaded in one directi(jn by the 
manufacture of seamh'ss piix\s and tubes, and 
by those that are produced electrolytically — 
developments due to the risks of using brazed 
pi[x*s for the higli steam pressures now common. 
Much Ixmding of pipes is also done? by im'ans 
of rollers instead of by hand. 

The Shop. ^J’he engineers’ coppersmiths* 
shop is, os a rule, larger than that of the ordinary 
brazier’s, because the mass (jf work done is 
larger. It is also more lofty, so as to pcu’init of the 
handling of piptis, whicli form the largest s<‘ciion 
of the w'ork done. I’lie pipes and other articles 
are hung from a hook on one <'nd of a chain, which 
nms over a pulley suspended froni another pulley, 
or traveller, that runs along a rail beloAv the roof. 
There are hooks in the avails, to which the free 
end of the chain is attached when work is slung 
over t he forge fires brazing. The shop also con- 
tains a mandrel -block [325], with lioles to receive 
numerous mandrels for bending pipes and other 
articles on ; also a bending-bioek [331], a floor- 
block [326], with holes for various stakes ; forges ; 
vice-lx'nches with draAvers ; pits, 5ft. or 0 ft. 
deep to receive pipes, and liaving a blast -pipe for 
brazing ; fires for melting resin and lead for 
pipe filling ; trestles for carrying work upon, 
and some other common applianee.s ; and a 
stock of tools, as stakes, hammers, cods ; also 
bins for coke, lx)xes of spelter solder, borax, etc. 

Pipe Work. Straight copper piping is now 
seldom made by bending and brazing, but the 
same methods are often emf)loyed in other work, 
and in odd sizes and sha]K\s of pipe. Bending is 
done round mandrels, and the joints are made 
either by thinning or eraTUping [327]. Tliinning 
alone is suitable for heavy material, but cramping 
is nearly invariably necessary with the lighter, 
because it strengthens the joint materially. 
Notclw^s arc cut along one edge at a bevel, at 
intervals of from about 1 in. to 3 in., dependent on 
the size of the work, and the metal is bent to 
right and left alternat-ely. The other edge is 
thinned and inserted l>etween the cramp, a.s 
shown to the left in 827, so that alternate cramps 
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come on oppo.site faces of the thinned edge. The 
pipe is bound with Avire [328], and the joint closed 
Avith a mallet or hammer round a mandrel. It 
is flum chattered, or jarred, to cause the parts to 
open slightly, so as to ixjrmit of the spelter 
solder flowing betAveen the adjacent overlapping 
portions. 

Brazing Materials. The methods of 
brazing are all essentially alike in principle, 
but dtdails differ Avith the character of the 
Avork. Sometimes the borax and spelter are 
charged separately, but it is better to mix 
them in ecjual proportion.s with water, and 
preferably a day or two Ixffore use. The 
mixture must be laid evenly along the joint, and 
the pipe or other article f)laccd in a clear coke 
fire, of which tlie temperature is regulated until 
the borax fuses cand drops, and the spedter begins 
to melt and run, as in(iieated by the blue fumes 
of the zinc. It lUcay be necessary to add more 
borax fin(^ly powdered, and tlu; j)ipe may be 
tapped lightly to assist the running of the solder 
in the joint. Spc^lter solders are composed of 
various alloys of copper and zinc. The strongest, 
for copper, comprises 3 of copper and 1 of zinc. 
A w€iak<T* is IG of copper to 12 of zinc. Another 
is 8 parts of brass tubes to I of zinc, and for brazing 
brass, J of copper to 1 of zinc. Joints to be brazed 
are cleaned by covering the parts with a strong 
brine made of salt and Avater, then lieating to a 
('Imrry red, and quenching in clear water — which 
also has the effect of annealing the copper — fol- 
lowed by scouring with clean Avater and sand 
applied Avith a Avad of tow. 

Brazing Practice. A piece of ])ipo 
must be laid horizontally for a seam joint, and 
if the joint be long, runners should be provided 
on stands outside the forgo to alloAv of ready 
and easy movement of the pipe through the 
fire. If joints have to be made in pi^x^ lengths, 
th<y must be suspended vertically, and the 
joints are those suitable for ])ipe, being either 
flush [329] or socketed [330]. The first retains the 
external diameter, but reduces the bore ; the 
second retains the bore, but enlarges the external 
diameter. A flange, A. is laid off on tlic socketed 
portion to retain the solder and to prevent it 
from running aAvay outside the pipe. This is 
hied off subsequently. Such joints are made 
either by soldering or by hard brazing. If the 
former, both internal and external pipes must 
be tinned. Heat is applied to the pipes for 
soldering and brazing by means of fire-pots. In 
small pipes sufficient heat may be obtained by a 
pair of red-hot tongs. Large pipes may be soft- 
soldered by hanging a pot of burning charcoal 
inside. But in other cases a fire-pot encircles the 
pipe, and the latter is held with screw clamps in 
suspension within the pot, the height being 
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2H5* «?>??• Flo«r.j)lock 327. Eclires thIiiiK*«l and notched 328. Ciainpml pipe bound witJi 

329. ®*IUBh joint 330. Socketed joint 331. Bcudinjjdiloek with attachmentH 332-334. Pipe tcniplota 

338. Teuiplet-)M)ard 
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adjusted with one of the sling chains, to which 
a wciglit is added on the slack side to counter- 
balance the weight of the pipe, or the chain may 
ho fasUmod to the wall. The fire-box rests upon 
a clamp which is made to grip the pijx\ It is 
lillcd with charcoal and (roko broken small, and 
is fitted with a blast-})ipe and holes arninged 
round an annular ring, much resembling the 
arrangement in the annular wind-chest of a 
cu|)<da furnaci‘. (Vire must bo takem that the 
solder does not run away at the bottom of the 
joint. Lampblack and gold size may be rubbed 
round the bottom, or moist clay. Or, if the joint 
be tJnned, the tinning must stop short of the end. 
As soon as the spelter has run, it is skimmed off 
flush with the top of the socket, and salt is strewn 
on to kill the borax, which would otherwise leave 
a hard surface to interfere with subsc^quent filing. 

Pipe Bending. Tlitiro is a good deal of pipe 
bending done. In t he absence of spc(;ial machines, 
simple leverage is the m(‘t hod adopted, anda ftertd- 
iiujMock [331, A] is fixed in the floor of the shop 
for the purpose. It is of cast iron, about 14 in. or 
1 5 in. square, and pipes up to 5 in. can be bent on 
it by hand. It is shouldered, or rebated, round the 
top to receive an inui strap, B, by which a lead 
piece, (.h is secured on the block. This lead piece 
has a hole to take the pipe to be bent without 
bruising it. 'Pin* k^vt'rage is taken against a back 
plate, l3, that fits by pins edgewise t)n the bending 
block. When the lead piece is not used, a pin, 
E, is dropped into a hole on the top of the block, 
and the pull taken between this and the back 
plate. The pipe is pulled round by a lever, P, 
secured thereto with a loop of rope or a copper 
band. Jfruising is prevented by packings of lead 
or soft wood at all localities where pre.ssure is 
made against the pipe. 

Two preliminaries are essential to landing 
pipes and tubes — filling the pipt? with lead or 
resin to prevent puckering, and annealing the 
part to lx? bent, the remainder to be left hard. 
For small curves, soft lead is bettor ; for long 
ones, resin. I’ho straight })art is not filled, but 
the progress of the lead or resin is arrested wliere 
required by rolling up a hard ball df pajjer and 
thrusting it in. The lead or resin are melted out 
subsequently to the bending. 

Templets. Pipes are generally tested during 
bending by templets of iron rod of from | in. to 
I in. diameter in smaller and larger templets [332J. 
The rod must be sufficiently stiff to retain its shape 
w^hile being handled. The curves corres[K)nd with 
the centre of the pipe being bent, and the templet 
i» laid upon the pipe from time to time as the 
bending proceeds. Templets of wood [333 and 
334 1 are frequently made by the pattern-makers 
or carpenters. The outlines of these correspond 
with the external edges of the pipe. They are of 
deal, about J in. or J in. thick. If flanges are 
required, these are indicated by flanges nailed 
on the ends of the board and secured with 
brackets, as shown. 

There is a different kind of templet, termed 
the templet hoard [336], which is not used to give 
the curve of the bends, but their lengths. Its 
purpose ih to fix the exact positions which the 
flanges have to occupy in the marine engine or 


locomotive, so that they ‘go into place without 
any tentative fitting. In repetitive work a 
model of the part in which the pipes have to fit 
is kept. Thus the steam pipes for locomotive 
smoke-boxes arc fitted in a model box, and go 
into the engine only when the work is finished 
The templet board [335] comprises two boards, 
hinged so that they can be set to right or other 
angles, with wing or quadrant pieces, and clamped, 
and the faces of the flanges are fitted against 
t]i(?rn at the lengths required. They are most 
useful for repair work, since a broken pipe can 
be pieced up and repaired to correct lengths by 
first fixing tlie templet board correctly, and 
marking the positions of the flanges on the board. 

Made Bends. The term w^de bends 
signifies bonds that are not bent from straight 
pipe, but are made in halves from copper sheet, 
which is hollowed to the forms required in 
hollowing blocks and over tee. stakes. The halves 
may be joined at the sides [336] or along the 
interior and exterio'r^adii, throal and back [337]. 
This is more difficult work than more bending of 
pipes, b(?caus<? the metal has to be upset on the 
shorter radii, and drawn on the larger, and 
wrinkles will form which will have to bo worked 
out over tin? tee stake. The joints are made 
by cramping, and closing over a cod [338] on a 
mandrel standing out from the mandrel block. 
Allowances liav<? to be made for the bending and 
puckering which takes place, and much practice 
is necessary to ensure good results. Fn manipu- 
lating large bends for brazing, the halves are 
pulled together with an encircling chain and 
bolt slung suitably over the fire, so that they 
can be readily manipulated without, crushing 
the fire. 

Tees and Branches. These are attached 
to pipes by soldering or brazing, though in some 
cases they are (’ut from the solid sheet. Wlicn 
fitted, the end next the pipe is bell-mouthed and 
flang<xl slightly, and the flange is fitted to the 
curve of the main pipe [339]. A hole is cut in 
the latUT, smaller than that in the branch, to 
allow metal for turning outwards to enter tlw^ 
flaring portion of the branch. The burred edge 
is made to fit neatly within, and the flange on 
the outlet to fit the pipe body neatly. Tlic joint 
is then ready for securing. Jf it be so ft -soldered, 
the joint fares are now thinned ; if to he brazed, 
the flange of the brancjh is coated with spelter 
solder. The spelter is strewn on the face and 
melted, and spread evenly over it. It is then 
placed on the pipe and secured with binding 
wire, and the pipe laid on the forgo. Spelter 
and borax are strewn on flange and pipe adjacent, 
and tlie parts are heated up slowly at first, and 
more rapidly as the heat increases, until the 
spelter runs through the joint. 

Made Tees. Large numbers of tee-pieces, 
or three-way [340 to 342], and four-way, or cross- 
pieces [343], are made from copper sheet, which is 
cut, cramped, and brazed. There are different 
ways of jointing adopted — in the.plano common to 
the branches, in saddles or throats, or at right 
angles therewith, with gussets [341 and 342] or 
without gussets [340]. Largo bends are better 
made with the joint in the throat and back (saddle 
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and hack) than in 
the other direction, 
though many are 
made in the latter 
way. Fig. 343 shows 
a t(^e piece, but the 
jointing may bo done 
in alternative ways, 
as in bends. 

Expansion 
Joints. Expansion 
joints [344] are in 
frecpicnt use, and are 
mad<i by two conic 
frusta in the first 
plact*, Avitli crampcid 
s(?ams, which, after 
i)eing drawn out 
round the edges by 
hammering, are 
cramped in the cen- 
tral plane of the 
expansion piece and 
brazed. The brazing 
may be done from 
inside or outside. 
'Jlio iigures to the left 
show one coned piece, 
and the same when 
drawn out or bell- 
mouthed, 

Flanges. Large 
numbers of flanges 
are brazed on copper 
pipes. The pipes are 
slung vertically with 
fl a n g e s lowermost 
[346]. A little clear- 
ance is allowed for 
ihe spelter to run 
in. The hole is 
slightly tapercid, and, 
properly, the end of 
the pipe should be. 
The flange bore is 
countersunk on the 
face vside, and the 
pij^e very slightly 
opemed out [see also 
346]. The countersink 
is filltxl with fine soft 
clay, to prevent the 
spelter from running 
away. Sometimes the 
heat has to l^e pre- 
vented from going up 
the pipe by filling it 
up with a plug of 
wood or cotton-waste, 
or, in large pipes, with 
an iron disc luted 
with fine clay. 

Fig. 346 shows the 
internal steam - pipe 
of a locomotive that 
runs from the tube 
pLate to the regulator. 
It has a flange brazed 
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hemisphere 348. Steam-dome covering 349. Hammera 
360. Stakes 


at one end, as In 345, 
and a cone at the 
other. Both are 
bored to fit the pipe, 
and brazed w’hen in 
a vertical position. 
The countersunk or 
burring over at the 
flange end will be 
noticed, and the recess 
in the top of the cone 
piece to receive the 
solder. The cone is 
covered with fireclay 
and plumbago dui'ing 
the brazing. 

All flanges to braze 
to copper pipe must 
be of pure copper, or 
of brazing metal, 98 
of copiH^r to 2 of tin ; 
or a mixture of 1 lb, 
of old copper to 1 lb. 
of brass tubes. If 
flanges are supplied 
of ordinary gunmetal 
they will melt before 
ihe spedter fuses. In 
such a case the melt- 
ing point of the spelter 
must be lowered with 
slight additions of zinc. 

Hollow Spheres. 
Hollow spheres [347] 
are produced by 
hollowing in halves, 
which are brazed io-^ 
gether. The diameter 
of the diio to form, 
when raised, the half of 
a sphere is obtained by 
the well-known pro- 
perty of tlie sphere — 
namely, that its sur- 
face is equal to that 
of its circumscribed 
cylinder, or equal to 
that of four discs of 
the same diameter as 
that of the sphere. 
So that the surface 
of each disc would be 
equal in area to that 
of two discs of the 
same diameter as the 
sphere, to which allow- 
ance must be added 
for seams. Hollow 
spheres are made in 
solid halves, or in 
halves as a frustum of 
a cone, and a bottom 
or pan cramped and 
brazed in ; the latter 
being sometimes more 
convenient than hav- 
ing to find metal for 
large discs. If a disc 
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bo used, a circle is struck from the centre top. When this is not the case the cap piece 

having a di.ameter equal to half the diameU'c may be cupped out in the s()lid, or it may ho 

of the disc to servo as a guide for wrinkliit'j made with a hole as showii, and a crown piece 

into cup or pan form first. Next, the wrinkhw cram})ed on and brazed. 

are worked out with the hammer pv<u' a stake Fig. 349 shows a few only of the principal 
and smoothed, "which is the stage in 347. An- hammers which have Ix'cn referred to in this 

ncaling follows, and th<* wrinkling is repeated article. They are the (A), th<? 
in courses. Then the lag^ or angle between iw-f/ { B), the ((’), the cm/, smgf (D), and tho 

the sides and bottom, is hammered out on riretimj {F,). Fig. 3E0 shows some of the stakes, 

a slake, and the curve of the side and A and B being bullet stakc.s, straight and 

bottom produced. .\ftcr annealing, cleaning, cranked, C a horse with stake ins<‘rtcd in the 

and planishing, the halves are ready to go end, tlui jingling of the horse being done to 

together. If the halves are produced <*jich by enable awkw.ard work to bo tackled. 

..cramping a bottom in a conic; frustum, the Fig. 351 illustniU's th(‘ copi’crsiiiithing shoyi 
conic frustum is formed by a cramp(;d and of Messrs. Isaac Storey & Sons, Ltd., at Man- 

brazod joint, and the bottom cramped and Chester. Instead of the traveller chains, it is 

lurazed in. Aft<‘rw'nrds the spherical form is fittc<l with swinging jib cranes and an overhearl 

imparted by hammering. traveller. "Pwo pjins are seen in tlu^ foreground, 

Dome Coverings. Dome coverings [3481 one to the riglit craniyx^d ready for brazing, and 

are made in she(*t brass in tw^o pic(!OS, a cylind'*r one to the loft already brazed. The brazing 

and a crown, brazed with cramped joints. hearth stands just behind. 

The diagram shows th(^ operations clearly. B<*hind the liearth the workman has a bend 
The foot is worked round by hammering, and pipe sus|jcnded over a mandrel sticking out from 

the top or crowm in a hollowing block, or at the the mandrel block. At the extreme left-hand 

mandrel block in courses, ann^xiling being done low'cr corruT a hen/tispherieal piece is having its 

between the courses. AfU;r smoothing, it is wrinkles tjiken out by planishing. At the 

crami)ed and brazed, l)eing slung on the traveller extreme right low^er corner a condenser U 

chain. The brazing is done in detail, one cramp being fitted up. Various templets will l>e seen 

at a time. The cover shown has a hole in the hanging on the right-hand wall. 

Contimied 
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'• att^hed^ being driven intio the ground^ and a 
limited Buraly allotted to each animal. 

Hay. jm many parts of England hay forms 
the principal part of the winter ration. As we 
have seen, it varies in quality with the age and 
character of the grasses from which it is made. 
If the grasses were old before cutting, the stems 
may be chiefly composed of useless fibre, the 
nutritious portion of the plant having passed 
into the seed,' which, where cutting is too long 
delayed, is often shed upon the ground. In 
such a case hay is of but little value. Inferior 
liay contains a much smaller quantity of feeding 
matter than good hay. It may, nevertheless, 
be utilised if the feeding matter which has been 
lost be added in the form of cake or meal. Whore 
hay is employed a leading food a cow may 
re(;eive froin lOlb. to 25 lb. daily in accordance 
with what is supplied in the ration in addition. 
First-rate hay is usually too valuable to employ 
with freedom for milk production, es|>ccially 
when prices are high and wlum other foods costing 
less will secure an equally good result. Good 
hay is the best balanced of all dry foods. Owing 
to its fragrance and sweetness it is agreeable 
to stock, and from this point of view cannot be 
replaced, but for the production of butter and 
cheese it is inferior to grass. -Early cut grass, 
which contains more moisture, demands greater 
care in making and stacking. 

Forage Crops. The forage crops are chiefly 
grown for the dairy herd on the arable farm, 
but the grass farmer is wise in planting a small 
area, though succulent food may he employed 
during the months of Jidy and August, when the 
pastures are frequently bare. Forage crops, 
without exception, are less well-balanced than 
grass, and therefore less ust^ful when supplied 
alone. Unless they Im mixed, as where oat-s or lye 
are grown with vetches, 1 hey should be supple- 
mented with cake or meal to prevent loss by 
waste. Foods like lucerne, vetches, and clover, 
which are exceptionally ricli in albuminoids, 
should bo supplcmente<l- by a dry food rich in 
carbohydrates, while foods lik(^ green maize, 
rye, and cabbage, should in their turn be sup- 
plemented with a rich albuminous food like 
(rotton-seed meal, boan-meal or pea-mcal [sec 
Table, page 2704]. If there no addition the 
excess of albuminoids in one food is not utilised, 
while the excess of the carbohydrates is similarly 
lost in another. f 

The remarks upon foods which follow supple- 
ment those already made on pages 2702-6 and 
2904-9, and refer to the special feeding of 
(^milking cows. 

Leguminous Crops. Among the legu- 
minous crops which are most suitable are 
lucerne, sainfoin, vetches and the clovers. 
Lucerne [page should, however, be given 

with food rich in starch. Sainfoin yields 
15 tons to 17 tons per acre, and is twice 
cut. Like liicernc, it makes superb bay, and 
is suitable for cows, especially when rice-meal 
or maize-meal are added. Vetches or Tares aro 
only once out, although, when cut early a small 
follows. The winter vetch seed mixed 
osts. or rye provides a more suitable food 


for cows, coming early in spring, when they may 
bo followed by spring vetches which are good in 
late summer and autumn. Like all similar 
succulent forage plants, the vetch should bo cut 
a day before using. If supplied to the cows quite 
fresh, it may cause hoven, or distention of the 
abdomen, which is sometimes followed by 
death. The Clovers [pages 940-1 J include the 
broad red, crimson and white trifolium, 
incarnatum, alsikc, and trefoil, which are the 
most suitable as cow foods. They should, 
however, to perfectly suitable, be mixed with 
gi'^asses or fed on the pastures, or, if in stalls, 
•supplied in eonjunction with meal rich in starch, 
as already shown. CJows may . bo tethered on 
cither the red or alsikc variety, after becoming 
accustomed to the process. Where clovers arc 
grown with ryegrass or catstail they provide 
a better balanced food. 

Various Forage. Cabbage, is grown on 
many soils and to great weights per acre. By 
the aid of eabbag^^, forage crops and roots, cows 
may bo fed througli the entire year on natural 
siu5culent rations. Kale, a variety of the cabbage 
tribe, may be cut twice. Hije [page 874] is 
perhaps th(? cnrlu^st of all spring green crops. 
The average yield is from five to six tons per 
acre, but owing to its early harvest its value is^ 
out- of proportion to its small yu‘ld. Maize 
[page 1198] is essentially carbonaceous. Owing 
to its sweetness it is relished by eo'w'fi. ana 
produces no waste. 

Roots and Tubers. The plants supplying 
the-se foods are costly in cultivation, but they 
have a double value inasmuch as they onablo 
a farmer to clean his land, which they occupy 
with advantage in his rotation. 

The Mangel [page 942] is the most important, 
although, owing to climato, it is generally sup- 
plemented by the swede in North Britain, 
ft is harvested in October, clamped, or pitted, 
and usually supi)lied to cows from January 
forwards, keeping until after midsummer, 
although, owing to chemical changes, its feeding 
value, like its wr>iglit, is diminished. Since 
certain varieties aro much richer in nutritive 
matter than others, while other varieties are 
greater croppers, the grower should endeavour 
to fix upon the variety which returns him the 
greatest weight of digestible matter per acre. 
From 20 lb. to 50 lb. daily may bo supplied to 
each cow. Tlie yellow tankards and globes aro 
preferable to th(» long reds. 

Swedes and Turnijis aro commonly used for 
dairy stock. The approximate j)ercentage of 
dry matter in sugar in the various bulbs referi*cd 
to is shown by the following figures, the result 
of the work of the late Sir Joseph Gilbert. 


Dry 

Jtoots. ! niatU-r i 

1 per cent. ! 

i 1 

Sujfar per cent. 

In fresh | In dry 

roots, j matter. 

White turnips . . ! 8*0 

Yellow turnips. . : 

Swedes . . . . j 11*0 
Mangels . . . .‘ | 12*5 

3^ to4i i 44 to 56 
! 4 to 5 i 44 to 56 

! 6 to 7 1 6.5 to 64 

1 7 J to 84 1 60 to 68 
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Swedes and turnips may be pulped, sliced, or 
cooked for mixing with the cow's ration of 
chaff, gre^, and meal 

KM-rabi is but little used by the dairy 
farmer, although those who grow it for cows 
speak of it in high terms and in some cases prefer 
it to any similar f<^. Kohl-rabi keeps well 
throughout the winter, and communicates no 
ill flavour to the milk. 

Probably owing to its sweetness, the Carrot 
is much relished by milking cows. Owing to the 
richness of the carrot in carbohydrat£^, it should 
be supplemented, when suppli^ in large quan- 
tities, by foods, such as cotton-cake, which are 
rich in albuminoids. The crop, when carefully 
stored, keeps well through the winter. The 
leaves may bo fed with advantage. 

The Parmip [page 945] provides 124 cent, 
of digestible dry matter in its roots, 11 J ix^r cent, 
in its leaves, of which in each case about 10 per 
cent, are carbohydrates and IJ per cent, albu- 
minoids. It flourishes on a similar soil to the 
carrot, keeps well, but is not so much relished. 
The best field cropper is the Jersey hollow crown. 

The Potato itop, when abundant and cheap, 
is frequently employed either cooked or raw. 

Concentrated Dry Foods. Tliese foods 
ai*e chiefly the by-products of the milling 
* of grain, of the proce8iK‘a of oil extraction from 
seeds, and of the manufacture of sugar, starch, 
and alcoholic drinks. 

lAnaeed Cake [page 2907] is more useful for 
mixing with cotton cake than for employment 
alone in a ration. It should not be too hard, 
containing not less than 10 per cent, of oil, 28 
per cent, of digestible oarbohydrates, and 23 
per cent, of digestible albuminoids. It is of 
nij^ value in tho rearing of young dairy stock. 
\^^en brokmi it weighs 43 lb. to the bushel. 
The product of the cotton seed is used in three 
forms for cows — as meal, decorticated cake, 
and the common, or undecorticated, cake. The 
last-named is highly fibrous, and if less cosily, 
is much less economical, as reftTence to the 
composition tables on page 2907 will show. The 
meal and the best cake are highly relished by 
cows, are of great value for milk and butter 
production, and arc believed to make butter 
firmer than any other food. 

Rape Cake possesses a disagreeable flavour, 
although it is very rich in feedmg matter, and is 
consequently us^ in various patent foods. 
Owing to the small demand its price is low ; 
but when used for i‘ows patience must be exer- 
cised in inducing them to eat it readily. 
Another useful food, but little used in this 
country, is Palmnui Cake, which is readily eaten 
by cows. It is extremely rich in oil, and, when 
Obtainable at £5 a ton, it is most economical. 
Bean-meal is highly nutritious, and weighs 
50 lb. to the bushel. It is useful for employ- 
ment with roots, cabbage, straw, inferior hay, 
rice or maize-meal. Pea-meal is richer than 
f.|)ean’^meal, and may be umilarly employed. 
Bnglkh peas, however, like Bkigliah beans, are 
^ usually too costly for cows ; hence, imported 
P«i |80 IS employed. Lentils are frequently placed 
xitk the t)cuukei» and if poor in oa, are Ach in 



the other leec&ig ocsiotiltiieAts. ^ 

63 lb. to the bushel. JGUce-fiteol jk 
m starch and should be Ywed<mt^i1ba4RS 'k^ 

It should never be used withotttr aiijalyBift. 
Olutm Meal is a residue in the msnu^ture 
of starch from maize. This is m Americkli 
product of high value, when it is pure ; but it 
is only in its experimental stage in this oowt^. 
Bran [8 1 is a most valuable addition to the ration 
of the cow. Bran weighs 17 lb. to the bushel. 
Sharps or cx)arse poUards, like middUngSt which 
are still finer, but richer in starchy are bdth 
useful foods when prices are low, and although 
less l‘«ativc, they arc as rich and as sweet as bran. 
Maize-meal, which weighs 47 lb. to the bushel, 
is a higldy concentrated and valuable food, 
largely used when the pric<‘ is low. Compared 
with the oat, it contains 50 per cent, more 
feeding matter, weight for weight, when prices 
arc identical. Maize-meal is especially valuable 
when cows are fed upon hay, herbage, or 
forage crops unusually rich in albuminoids. 
Maize Germ Meal is tak comparatively new food, 
is rich in all the feeding constituents, and 
when pure and costing £4 to £4 lOs. a ton, is a 
very useful addition to the ration of the cow ; 
it is, however, frequently adulterated. 

Oats [page 873], although a costly food, 
owing to its low weight, its price per bushel, and 
the proportion of husk or fibre, is one of the most 
valuable for milk production. A good oat, 
weighing 40 lb. to the bushel, and costing 20a. 
per quarter of eight bushels, provides 177 lb. of 
digestible feedmg matter at a cost of about 1 1 s.6d. 
per 100 lb. A quarter of maize weighing 60 lb. 
to the bushel, and purchased at a similar 
price per quarter, produces 340 lb* of digestible 
feeding matter at a cost of about 5s. 9d. per 
100 lb. Thus, in purchasing foods it is essential 
to consider not only the price per quarter or 
per 100 lb, but the actual cost of the feeding 
matter which each food contains [see page 
2705J. Some allowance, however, may be 
made, as m this case, owing to the mechanical 
superiority and better balance of the oats as 
compared with maize. 

Grains arc obtained from distillers and brewers 
in a wet, and from merchants in a dry, or 
desiccated, form. They mix well with chaff 
and other foods. Dried grains may be used 
.. with confidence and success if the water be 
carefully added a day before they are to be 
used. They weigh 20 lb. per bushel. Brewers* 
grams are richer in phosphoric acid and Ume 
than the barley from which they are produced. 
MaU Culms, uerMs, or Sprouts, are the small ^ 
dead radicles, or rootlets, of barley which has' 
been malted. They are sweet, of agreeable 
flavour and odour, and well adapted for mixing 
with chafi and pulped roots. 

Tho straws of cereals and pulse are of bi^ 
value inasmuch as tbey provide the padding 
which is so essential in the feeding #f an animal 
with such a eapackms belly as tns ooW, The 
best straws are oat and pea, but wheat, bean.' 
and vetch straw are sometiinea uae^ All 
straws are preferably ehafM, ot clumpeii, te 
mixing with ratians. The chiei ieemig 
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FOODS ^ND THDIR ADULTERATION (Muiopliot<>-,iii])hs hv Di. .) AiJuuntiW Voelckc i) 


stitucnts aro the (“arbohyf halos and tlw oollulost*, snfliciont in thcmsolvos to indicate thm. We 

of which about one-half aic di^jfeHtible in the give on tins pa an inteicd mg senes ot micro 

cereals and slightly more in the ])ulses The photogiaiihs l.iken by Dr J Augustus Vooleker, 

pulse straws not only provide moie leeding ('hemisl to the Royal Agricultural Society, 

matter, but they arc neher in albuminoids These show how the iirc'sence of certain forms 

Adulteration. In the course ot these lessons of Hdulteiniits ean he detected In the top ro^^ 

we have often roferted to the adult-erations to arc given tin* microscopic appearances of bran 

which dry foods are subjected, and the analyses f8j, coflee husk [9J, and a sample of bran 

undiTtaken by s|x‘Ciahsts and othei’s holding adulterated witii cofiee husk [lOJ. The cross- 

appointments under the various county councils linear markings of the coffee husk arc very 

And agricultural soeieties. In the detection of eleaily indicated. 

adulteration the microscope is of the greatest In the second row aic shown the appearances 
use, for it is frequently only by it that admix- of linseed [11], corn-cockle seed [12], and of a 

ture of foreign substances can be found out, sample cd linseed cake containing these two 

Many vegetable substances, when viewed under mixed [13] R»ape [14] and spurry [16J aie 

it, exhibit characteristic markings or general other seeds that trequently occur os adulterants 

appearances which serve to identify them and of linseed in linseed cakes, lliey each exhibit 

to indioate their presence; whereas, the eliaracteii‘itic markings when viewed under the 

differences of chemical composition as set out microscope Fig. 15 show^s the occurrence of 

in the figures of an analysis would not bo rajK! with linseed in a sample of linseed cake 

A . Continued 
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Oscillations and Waves. In the 

preceding article [page 3747] it was explained 
now electric oscillations can be st‘t up in electric 
"■ circuits in which there is a spark-gap ; and the 
dependence of the frequency of the oscillations 
upon the capaeity and self-induction of the cir- 
cuit was described. We have now to deal with 
tho relation between such oscillations and the 
electric waves to which tliey give rise, and further 
to explain how such electric waves are made 
use of for signalling, without wires, from one 
place to anotht^r. 

Electric and Magnetic Fields. The 

first point is to get a clear notion of the fields 
that are set up in space by electric currents 
and charges. On page 562 it uas explained 
how a current, even in a straight conductor, 
sets up an invisible magnetic held in the space 
surrounding it. In tliat case the held consists 
of magnetic lines that surround the conductor. 
Now consider the state of the space that lies 
between any surface that is (diarged with a posi- 
tive charge and a neighbouring surface that is 
charged with a negative charge. 'J'his is the case 
within the layer of glass, or of air, that is acting 
as a condenser charged os explained on page 
3580. Tho dielectric, whether air or gloss, be- 
tween the two charged surface's is, as was there 
described, in a state of electric stiain, there being 
electric lines of force through it from positive 
to negative, and these constitute an electric 
field. Now let us set* how these things will be 
in the case of an oscillating circuit. 

An Oscillating Circuit. Fig. 231 repre- 
sents a simple condenser made of tw'O flat 
metal plates with a layer of air between them. 
They are joinerj by a simple circuit matte of bent 
brass rods, ending in polished balls, with a spark- 
gap Iwtw'ecn them, so as to bo able to start 
oscillations, as described in tlm hwt article, by 
connecting tliom to a suitable source such as 
an induction coil. Just before a spark passes, 
one of tho metal plates is highly positive, and 
the other highly negative, and then there will 
be an electric field across the air space between 
them. When the spark occurs, the ixwitivo 
charge rushes round the circuit into the plate 
that was negative, an<l then surges back again 
witli incredible rapidity, oscillating along tlie 
conducting circuit. Each such rush constitutes 
a current, and as tho successive rushes are in 
opposite dircotioiis tho conducting wires or rods 
b^'omc the seat of an alternating current of high 
frequency. Consequently, in the space sunround- 
ixig the bent wire there will be set up an alter- 
nating magnetic field. This magnetic field 
Burroundirng the wire wUl be strongest when the 
nt||^g ^tnirrent is 'at its strongest, and this 


occurs precisely at the moment when the con- 
denser has boon emptied, and before it is charged 
up again the other way by tho continuance of 
tho rush. Bui tlio electric field, which will 
also b<* alternating, and which lies in the crevasse 
between the metal plates, will bo at its strongest 
at the moment when tho rush either way is eom- 
IcttMi and tlie charge in the condenser is at its 
ighest. So wo sco that with such an arrange- 
ment the electric field and the magnetic ii^ld 
occur in diflerent places, and have their maxima 
at different times. Under these circumstances 
there will be no electric waves emitted. 

Hertx*s Oscillator. Suppose now that 
we open out our condenser into tho form shown 
in 232, where tho two metal plates, W W, are 
extended out like wings, and the communicating 
conductor, with spark-gap A in the middle, is 
made straight. The two platas can still act to- 
ward each other like the two coatings of a Leyden 
jar, tlxt' surrounding air luring still the dielectric. 
When (hey are charged there will be an electric 
fioM extending from one to the other, as in 233. 
If a current were rushing up or down tlio con- 
ductor, it would make a magnetic field around tho 
conductor as in 234. And if now a spark is 
made to pass, setting up a series of oscillations, 
the electric field between the wings will extend, 
as tho dotted lines show, right across the space 
where the magnetic field will occur during the 
rushes of current up and down the rod. Tho 
electric field will not have died away before tho 
magnetic field has begun to grow, and vice versa ; 
so that both kinds of fields can be present in the 
same space at tho same time, and while the 
electric lines will bo mainly parallel to tho 
conductor, the magnetic lines will bo transverse 
whirls surrounding the conductor. For the 
'production of electric waves it is necessary that 
there should be both an electric field and a mag- 
netic field at the same point of space and at the 
same time. This simple ap})aratus is ca^blo, 
then, of throwing off into the space surrounding 
it an electric wave at each oscillation. Sudi 
xi^aves do not retiini back into the system, but 
go travelling off into space with the speed of 
light, following one another as in 235. The 
more tho metal plates present of free surface, 
the more freely do they radiate off electric waves. 
If they jire of fiat metal, the electric waves 
radiate off more freely from their fiat faces 
than from jbheir ends or edges. If set vertical, 
they radiate out mainly in front and beh^d ; 
but they may be set horizontally at the ends 
of the system. The late FrmesBor Hertz 
devised tins sim{fie apparatus in 1887 for the 
manufacture of electric waves. It is knovnt 
as a Hertz's oscillator, ' ^ 
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nerts*s Detector. To observe the 
waves thrown off from the oscillator. Hertz 
employed detectors which we should now think 
very inferior and insensitive ; but they enabled 
him t^ detect the presence of electric waves in 
other parts of the largo room where he was 
working. He employed a very simple device — 
namely, another circuit with a very minute gap 
in it,* across which scdcntaiy spaiks could be 
seen to pass. Suppose wc make a second 
piece of apparatus exactly like the first, with tw*o 
metal plates, as wings, joined togc‘ihcr by a rod, 
but w'ith a minute gap, B, at the middle. The 
gap must be minute — about of an inch — 

otherwise the induced (*Iet*tromotive force's may 
not be able to make the elect rieity jump across 
as a visible spark. Let these two pieces of ap- 
paratus, the r>S(‘illator and th(‘ <l<‘t(‘etor, be set 
up, as in 236, a few feet fip«»r( from one another 
in a big room. Let an induction coil or an 
influence machine he used to exoitx' the oscillator 
and cause sparks to occur at A, then each such 
Hpark sets up oscillation in the metal of the 
oscillator, and each oscillation sets up a wave 
in the space around it. These waves spread 
invisibly through the room, and some of tlumi, of 
course, fall upon the extended wings of the 
detector ; eacli wave as it roaches the detector 
sets up an electromotive force in it, tending to 
move electricity from one wing to the other 
and back <again, wifh tlie result that a new 
actual oscillation is produced in the metal of the 
detector, and if the stimulus so received be 
sufficient, there will be minute sjiarks seen — 
a spark at B cvcm y tini<* there is a spark made at 
A. Hertz used principally a detector of even 
simpler form — ^namely, a mere ring of wire, 
or a plain rectangle of wire (as is shown in 
287) having a minute spark-gap in it. When 
once the sparks have becni seen with the two 
pieces of apparatus a few^ feet apart, and the 
apparatus is in proper adjustment, it is easy to 
detect them when the distance between the oscil- 
lator and the detector is increased. Hertz was 
able to show that thes<* electric waves could be 
reflected from a large sheet of metal, or collected 
by a parabolic mirror, or refracted through a 
prism of pitch ; in fact, that they behaved like 
waves of light, but were quite invisible. 

Other Detectors. Very soon other 
and more sensitive detectoi*s were devised. 
Righi proposed to lay a long strip of metal foil 
on glass, and divide it across the middle with 
a knife, to form a minute spark-gap. M. Branly 
discovered that a heap of iru'tal filings possesbcs 
tlie very curious property that, though it is 
usually a very bad conductor for electric currents 
liecause of the innumerable imperfect contacts 
between its particles, it yet iM'Comes a much 
better conductor when an electric spark is made 
anywhere near it. Lodge and Fitzgerald found 
the imperfect contact made by a pointed wire 
resting against a metal plate to be sensitive to 
the action of an electric wave. Such imper- 
fect conductors he called coherers, because the 
aotioR of the waves was apparently to make 
their part^lea come into better contact. Taking 
b Braidy's observation he constructea 


coherers of metal filings enclosed In a 
glass tube between metal rods inserted at 
ends ; and these proved very sensitive. He- 
found that they required to be tapped qfto* 
each operation to cdlise the fllings to oeeohere ; 
and proposed methods of automatic tapping. 
Fig. 238 illustrates Lodge’s filings-coherer. 

Coherer as Receiver. The methpd . 
in which the coherer was used to receive or 
deb'ct the electric signals is as follows : The 
coherer is connected to one voltaic cell and to a 
suitable galvanometer, all included in a simple 
circuit, as in 239. The coherer has so poor a 
(•onduetivity that practically no current passes. 
Directly an electri(‘ wave, however, falls upon 
the coherer, or upon the wires attached to jt,‘ 
it set« up oscillations, and probably also sets 
up minute sparks in the gaps between the 
filings. Wheth'^r this be so or not, it makes 
th^' coherer conduct better, so that the single 
cell of batU'ry can Bend a current through the 
galvanometer, which thus signals the reception 
of the wave. The coherer must then be tapped, 
when the galvanometer deflection at oneo 
disappears in readiness for receiving the next 
signal. I.rodgc found considerable advantage 
in fastening on to th(^ end of the coherer an 
extended piece of wire* projecting out as an 
atiteiina to receive the wave. In some of his 
early experiments he enclosed the whole of the 
receiving apparatus in a tight metal case to 
exclude the efTeets of any stray waves, the only 
tiling that projected out from the box being 
the receiving antenna As such (‘oherers are 
far more bcmsitive than Hertz's spark detector 
the distance between sender and receiver may 
be increased up to f o miles or more, depending 
on the power of the transmitting apparatus. 

Other Oscillators. Various other forms 
of osc'illators were proposed by various ex- 
perimenters. Lodge found that an exceedingly 
pow('rful emitter was made by a single polished 
metal ball between two smaller balls, as in 240. 
Highi proposed two metal balls immersed in 
oil, and also an arrangement [241] of two 
large metal balls placed between two smaller 
balls which sparked into them. Marconi 
patented tlu' combination of a particular kind 
of receiver with a transmitter having one end 
of its sparking appliance connected to earth 
and the other to an insulaU'd conductor. In 
practice he adopted the device of a tall mast, 
with a spark-gap between two metal balls, one 
of whieJi was joined to tlie mast and the other 
to the earth. Jervis-Smith found better oscilla- 
tions if the sparks were made in compressed 
air. 

Waves Emitted by Oscillators. 

In a simple upright Hertz oscillator such as 
235 or 242 the two capacity-areas or plates at 
the top and liottom ends of the oscillator are 
the places which become most highly charged, 
the middle part of the connecting system being, 
as it were, a node in the potential wave.. The 
same would bo true of the same apparatus ^ if 
used as a detector ; the ends are the pli^es 
which receive the maximum ohangesof potentiiA, 
Tho middle part, on tho other hand, is aeaf 



strongest oiumis. But this is no longer 
tlie oose if the oscillator (or the receiver) is 
earthed as to the lower half ; for then the earth 
^es the place of the lower half, and the node 
in the potential wave occufls^just above the 
earths and half-waves [244J are sent out. 

“ We thus,” says Professor Fleming, “ arrive 
at the conclusion that if a vcrtb^al rod is set up 
in the air, and at its lower end there is a spark- 
ball ’iri opposition to another spark-ball con- 
nected to an earth plate, that this arrangement 
^constitutes electrically one-half of a Hertz oscil- 
lator; and the system of electric and magnetic 
force cheated, when oscillations are set up in 
th^ rod by charging it and discharging it across 
the spark-gap, is the same as that on one-half 
of a Hertz linear oscillator.” 

Earthed and Non-earthed Oscilla- 
tors. Imagine a Hertz oscillator, entirely 
insulated, 200 ft. high, with its node at the 
middle as in 242. Cut olf its lower half just 
below the spark-gaj) and jilant it in tJic <iarth: 
it will then act with ihe sanuj frequency as 
before, but will send out waves of a different 
type — that is, half-waves, witli the node at tlic 
bottom, as in 243. Since, in this <iase, the earth 
takes an essential part in the transmission of 
the waves, as in 244, it mii.st be of good con- 
ductivity, wet soil, or sea. Eartliod appiratus 
does not work well over a dry dessert. The 
movement of the half-loops of eh*ctric force 
outward from an earthed oscillator —that is, a 
“ Marooni aerial,” as distinguishwl from the non- 
fsarthod oscillators used by Hertz, Tx)dge, and 
others — is hindered by bad conductivity on the 
surface of the earth, but is helped by a f;»,irly 
good conducting surface such as that of the 
ocean. On the other hand, for non-earthed 
oscillatOTs emitting whole loops of waves as in 
235, tlie action of the conducting surface of the 
earth is no help, or is even detrimental. 

As the frequency of the oscnllations is deter- 
mined by the capacity and sclf-incluction of 
the apparatus, it will clearly depend on the 
length from the node to tlie t‘nds, and on the 
surface it presents ; also, any coils introduced 
into it will increase its self-induction and lengthen 
tho waves. Any oscillator which, likt; T.«odg<^’s 
polished ball, has relatively large surface and 
small self-induction, will radiat,e so freely that 
the wave-train will die out after very few 
oscillations. If the wave-train is thus very 
short, tlie detector cannot be tuned to it with 
any accuracy, and any untuned d(?tector within 
range will pick up tho waves. 

Early Wireless Signalling. Apart 
from tho researches of Hertz, tho earliest 
exhibition of wireless telegraphing was that 
of Sir Oliver Lodge, who in 1894 sent wireless 
signals through stone walls and from one build- 
ing to another, using as detector a filings coherer 
83 described above, tho system being untuned. 

There are several modes of using coherers 
in the receiving circuit. (1) The coherer may 
he oonneoted in series with a single cell and a 
galvanometer, or a direct telegraphic instru- 
>suoh as a siphon-recorder. This is 
plan. (2) The coherer may be put to 


earth in circuit with a single cell and a sensitive 
telejgraphic relay, which in turn actuates an 
ordinary Morse instrument, printing dots and 
dashes. This is 8ignor Marconi’s method. 
(3) The coherer may be placed in circuit with e 
single cell and an ordinoi’y U^lephone rcv'oiver. 
Thus, at the instant when the colu^n.T changes 
its conductivity, a click is heard in tho telephone. 
This is the method of Jervis-8mith and Castelli. 
For use with his method Marconi adopted a 
coherer (jonsistiug of metal filings in a V-shaped 
gap between two metal ])lugs in a glass tube, 
as 245. For the third method, (lastclU used a 
coherer wuth two drops of mercury between 
plugs of iron and carbon [246]. More recently, 
Lodge has adopted as a self-restoi'ing coherer 
a small revolving steel wheel, slightly oiled, 
di))j)ing into a drop of mercury [247]. 

losing a Righi oscillator, and a filings coherer 
w ith a relay, Marconi was able, in 1896-7, to send 
wireless signals 250 yards aer(>s.s the Thames; 
and with the help of the J^ost Oflice (*ngineers 
he sent signals siweral mile.s. To extend the 
range he then adopted the plan, now claimed as 
essential to his system, of using a tall mast like 
a lightning conductor one end of which is in good 
connection with the c^arth, and called an “ aerial 
wire,” or ” anienna,” or “ earthed vertical 
oscillator.” Using masts of 120 ft. or more 
high, ho had, by the end of 1898, been able to 
signal from 12 to 20 miles. 

The Jigger, or Oscillation Trans* 
former. Owing to the circumstance that 
tlie simple Marconi aerial resembles the Hertz 
oscillator in possessing a large radiation decre- 
ment, it cannot send out such trains of waves 
as would be required for syntonic working. In 
none of thesis early operations could tuning be 
seeiirtKl, and they were liable to interference 
from stray disturbances in the atmosphere. If 
a source of persistent oscillations could be 
applied, the receiving apparatus could then be 
tuned to the sending apparaf^us, and the whole 
system would thereby be rendered far more 
sensitive for long-distance work. To accomplish 
this, the sending apparatus mast in some way be 
linked up witli an oscillation-circuit, such as was 
described on * page 3749, and tho distant re- 
ceiving apparatus should similarly be provided 
with au oscillation circuit ; then the two can be 
tuned together to the same frequency of oscilla- 
tion. There are more ways than one of associat- 
ing the wave apparatus with an os(‘i]lation 
ciremit. The most usual one is by means of an 
oscillation tnuisformer, called in U^Iegraphic 
slang a jigger, imd is duo to Sir Oliver lx)dge. 
This induction transformer is a simple arrangc- 
luent for a primary coil of one or two open turns, 
surrounding or surrounded by a secondary coil of 
a larger number of turns. 

Increasing the Range. A simple form of 
Lodge’s device is illustrate in 248 and 249, in 
the former of whicli a jigger is arranged for trans- 
mitting, while in the latter it is for receiving. J is 
the jigger, represented by two separate spirals ; 
K is the condenser ; A the spark-gap ; E the 
cell ; C the coherer ; G the siphon-recorder or 
galvanometer. Apart from the advantage of 
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tuning, there is another advantage in putting an 
oscillation transformer into the receiving circuit. 
For at tho node of the receiving circuit the 
potential is a minimum, and the current a 
maximum ; therefore, as a coherer depends on the 
potential, and not on tho current, the node is 
a bad place in which to insert the coherer, as 
was done in tho early operations. By placing 
in the node the primary of the transformer, and 
inserting tho coherer in tho secondary, the 
increased voltage so applied to tho coherer was 
found to increase its sensitivem'ss vastly, and 
therefore greatly extended the range of working. 
Marconi, being desirous of working over still 
greater distances than those already covered in 
J8l)9, adopted the jigger into his receiving 
arrangements, and was able tht*reby to extend 
his range to 85 miles, witliout even tuning. 
For transmitting oscillations the transformer was 
constructed as follows : It consisted of a square 
wooden frame, wound over with a number of 
lengths of highly insulated, stranded, copper 
cable, joined in parallel so as to make a primary 
circuit of one turn. Tn some cases, two or more 
turns may be employed. Over this was wound 
a secondary of five to ten turns. The oscillation 
transformer was usually immersed in oil. 

Magnetic Detectora. Kutiierford, now 
of Montreal, discovered in 1895 that elc'ctric 
waves can exercise a demagnetising influence 
upon a highly magnetised small steel needle ; 
and he made a magnetic detector of waves oii 
this principle. Ife was thus abk* to delect the 
waves of a Hertz oscillator half a mile away 
across tho town of (kvmbridge. Th<‘ waves 
produced an oscillatory current, which wp.h 
carried through a small c()))per w^ire coil around 
tho magnetised needle.* Seven years later, 
Marconi th'serihod a modified form of magiieti<* 
detector, in whi(3h an endless band of thin iron 
wires moving ])ast a lix(*d m-ignet becomes 
magnetised, and is .subjected to the demagnetis- 
ing action of an oscillation coil connected to the 
receiving circuit. The inductive action sets up 
sounds in a telephone. ( )ther magnet ie d(d«‘et ors 
have been devised by Wilson and by Fleming. 

Transatlantic Wireless Telegraphy. 
Determined to succeed in s^^qding elect ric 
waves across tho Atlantic, Signor Marconi, 
aided by Professor Fleming, constructed a 
powerful transmitting station at Poldhu, in 
Cornwall, and has since erected similar stations 
in Italy and at Capi*. C'od and Cape Breton. 
Those stations have each four tall lattice towers 
between which is suspended a conical web of 
aerial wires. In a power-liouse an alt-ernator 
generates powerful alternating curront-s, which 
in turn act on spark-gaps, ])rodueing oscillations 
of tremendous energy. From the station at 
Poldhu signals can be sent from 2,000 to 3,000 
miles over the ocean, and have even been 
detected in the Mcditcri'aneaii and at the Kiissian 
end of the Baltic. TImj Atlantic liners can be 
signalled to at any point of their journey, 
though the apparatus they may carry may not 
be po'>verful cnougli to signal back more than 
200 or 300 miles. 


German Developmente. Professor Slaby, 
of Berlin, in association with Count Arco, 
and with the Allgemeino Company, has de- 
veloped another system. In this "an oscilla- 
tion circuit is a^^oeiated with the antenna in a 
way different from Lodge’s. Slaby uses a second 
ana horizontal antenna branching off from ^ the 
vcTtieal antenna near tho ground. In "this 
auxiliary antenna the spark-gap can be in-* 
Serted at a place near the node ; and tho oscilla- 
tions sot up in the horizontal branch set up a 
similar sot in the vertical one. For receiving, 
the coherer is inserted in tlie branch emtenna, 
not near the node but at the other end, between 
the branch and the earth. For syntonic work- 
ing, oscillation transformers are introduced 
between the branch antenna and the spark-gap 
or the coluTer as the case may be. 

Professor F. Braun independently developed 
specdal arrangements for the inductive coupling 
of a closed oscillation circuit w'ith an oscillation 
circuit suitable to emit electric waves. As 
condensers lie usc'd glass tubes partially covered 
inside and outside with €a silver coating. 

The devices of Slaby, Areo, and Braun have 
been taken ovc'i* by a single interest and operated 
under the nr-nu' of tlu‘ Telefiiiiken system. The 
name Tehdiinken signifies distant sparking 

American Developments. In the 
l’nit<‘d St*-l<‘s st‘veral inventors. Do Forest, 
Fessenden, Stone, and Shoemaker, have devised 
parlitail.ii* methods of wireless tel(*grapKy, all 
of them claiming ei'rfem advantages. De ITorest 
has produced H(*veral forms of detector which 
do not dept^nd on the cohereneo between metallic 
powders or imperfect contact, but upon elec- 
trolytic plicnomcna. It was previously known 
that a iilm of moisture btdweeii two strips of 
tinfoil on a glass plate w'ouid act as a detector, 
«and required no tcvpping. De Forest has used 
two small electrodes in w^ater, in circuit with a 
tel€*phone. Like Marconi ho employs a tall 
mast. Fessenden has devised a detector con- 
sisting of a voiy tliin platinum wire sealed into 
a glass bulb. Tho feeble oscillations which aro 
set up in tlu‘ rt'ceiver, passing through this win^, 
heal it, momentarily increasing its resistance. 
Tills deviei* he calls a barretter, and it is included 
in a local circuit w'ith a single cell and a telephone. 
Jle has found that a liquid barretter can be made 
with an electrolyte in a glass tube of extremely 
line bore. This acts in the opposite way by 
decreasing its ri'sistance. 

Present Position of Wireless Tele* 
graphy. Briefly, the present position is 
this : For the Atlantio service, the Marconi 
(’ompany stand alone, and they have equipped 
the principal passimger ships of the Cunard and 
other companies. A much greater number of 
stations (over 400 s,ltogether) in various parts 
of tho world have, however, been equipped 
with a different system, that of tho Tele- 
funken Company. For overland service, on 
account of its not using any earth con- 
m*ctionH, and for its great perfection in 
working, the Lodge-Muirhead system is dis- 
tinctly ahead. 
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SOUTH AUSTRALIA 

COUTH AUSTRALIA was first settled, as the 
^ .name suggests, roimd the inlets of the south 
ooast. It now stretches across the continent and 
covers 903,700 sq. miles, the northern part forming 
the Northern Territory [ 1 35, page 3()90]. Settle- 
ment is at present mainly confined to the south. 

The colony, as a whole, is flat, though in the 
centre the Macdonnell and James Hangt^s reach 
5,000 ft. In the south the Flinders Range rises 
west of the Murray, and is continued by the 
Mount Lofty Range, overlooking Adelaide, 
'Much of the southern part is a region of lakes, 
some, like Lakes Eyre and Torrens, being large, 
but varying greatly in size at different seasons, 
others being mere chains of lagoons and holes. 
All are salt and low lying. Lake Eyre being 
probably below sea-level. The only river of im- 
portance is the Murray, which enters the sea 
through Lake Alexandi'ina. 

Climate and Resources. The Northern 
Territory lies in tropical latitudes and has a 
heavy summer rainfall along the coast in the 
monsoon region. Both summer and winter 
temperatures are high. Tliero are tropical forests 
aloi^ the coast, which is fringed with man- 
groves, while there are dense thickets of paper- 
bark tree along the rivers. Tlio centre is dry, 
and passes into desert. As the south coast is 
approached, the salt bush appears, forming a poor 
pastoral region on which one sheep per ten or 
more acres is the utmost that (5an 1 k 5 supported. 
The rainfall of Adelaide is about that of the 
drier parts of England, and falls chiefly in winter. 
Long spells of drought are very common, and 
seem to recur periodically. 

Much of the Northern Territory will never bo 
anything but desert, but if underground water 
could be tapped by artesian wells, large tracts 
might be made available for jjastoral and agri- 
cultural settlement. In tlio south(^rn part of 
ihe colony sheep farming is by far the most 
profitable employment, but agricultim^ is spread- 
ing ia the Murray .Flats, and may develop with 
irrigation. A considerable acreage is under 
wheat, but though the quality is very fine, the 
yield is extremely scanty. Soil and climate are 
suitable for fruit growing, and the vine, fig and 
olive do well. Tlie mineral wealth is chiefly 
in copper, [See Agriculture, page 3236.] 

Towns. The towns of South Australia are 
.. generally small townships of a few hundred inhabit 
tants. Adelaide, the capital, is finely situated on 
the Torrens# near the base of Mount LofW. The 
City Has fine streets and buildings, and ia 'sur- 
rotmded by a broad belt of porks. Mount 
Qambieip, in the extreme south-east, near the 
Victorian boundaay^ is the centre of a fertile 


district, (lawler, iiortli of Adelaide, is in a 
wheat growing district. The richest copper 
mines are at Wallaroo, on Spencer Gulf, and at 
Moonta, a few miles inland. In the Northern 
Temtory Js Palmerston, overlooking the iino 
harbour of Port Darwin. 

WEST AUSTRALIA 

West Australia (975,000 sq. mih^) is the largest 
of the Australian colonies. The greater part of 
the intoior consists of a waterless plateau, dotted 
with lakes, which, in the dry season, are glittering 
surfaces of dry salt and mud, and filled with 
brackish water after the infrequent rains. This 
plateau comes down to the s<^a on the south coast, 
forming the harbourless cliffs of the Great Bight. 
Along the west coast its higher margin rises 
above the coastal plain, which is of varying width. 
In the Stirling Mountains, which rise behind. 
Albany, these marginal heights reach 3,500 ft. 
in the extreme south ; but in the Darling Range, 
which runs north for 300 milc^J, they do not 
exceed 1,501) ft. Further north, the plateau 
margin recedes 200 or 300 miles from the west 
coast, rising in the Kimberley region in the 
north t<3 2,300 ft. 1 135, page 3099.] 

The rivers arc confined to the western coastal 
region, rising in the highlands already mentioned. 
As the interior is extremely dry, many of them 
are mere empty watercourses, except after rain. 
The Swan, at the mouth of which Foreman tie 
has been constructed, is the most important. 

Varieties of Climate. The climate of 
West Australia is tropical in the north, with 
a summer rainy season. Tliis forms the Kim- » 
herley region, the coastal portion of which 
bears tropical forests, and permits of stock- 
keeping in the river valleys. Among the 
stock are camels, introduct:^ from India and 
Soutli Australia for transport in the desert 
interior. Away from the ooast, the climate 
rapidly becomes extremely dry, and the greater 
part of the colony is stony or sandy desert, 
bearing little vegetation but the dreaded spinifex. 

■ A tongue of dijsert, marked in maps as the Eighty 
Mile Beach, cixiends to the coast north of the 
Do Gn;y River, separating the Kimberley region 
from tile more UuntKirate portions of the colcmy. 
In the latter the summers are cooler, and the 
rainfall along the coast moderate in quantity. 
The most thickly settled portion is the coastal 
strip from Gcraldton to Albany. Most of this 
region has a Mediterranean climate with winter 
rains, and can raise cereals and fruits, the vino 
and orange doing especially well. Tlie forests 
of the south-west contain magnificent timber, 
including the mgantic Jarrali and karri eucalyptus. 
Away from me coast the plateau is extremely 
dry, and the population has not penetrated 
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more than 500 miles inland, attract^ by the 
sensational discoveries of gold. [See Aoricol- 
TURK, page 3235.] 

The Rush to the Goldfields. A solid 
belt of auriferous country, only interrupted 
by the Eighty Mile Beach, appears to stretch 
along the edge of the plateau from north to 
south. The tropi(;al goldfields are difficult to 
develop, owing to the exhausting nature of the 
labour, which in these latitudes lauinoi be done 
by white men. 

In 1891, the population of the whole colony 
was under 50,000, but the discoveries of 1892 
in the Coolgardie region immediately lt«i to 
an inrush of population. “ The track, whkdi 
ran eastwards through the prim<‘v>'al bush, was 
a curious sight in those days. Heavy waggons, 
laden with flour, chaff, and whisky, lumbered 
axle-deep through the mud, drawn each by 
its team of a dozen great horses in single file, 
for 1893 was a wrt season.” Now, a railway 
from Perth runs to (Coolgardie and the sur- 
rounding goldfields, the ricihest of which is 
Kalgoorlie, some twenty miles beyond Coolgardie, 
in the desert. To drive the tmgines and fill the 
sluioc^s of the Kalgoorlie mines, water is pumped 
for more than 200 miles through st^el pipes from 
reservoirs near the coast. At Kalgoorlie is the 
famous Golden Mile, containing half a dozen 
of the richest mines known. Other well-known 
fields are the Murchison, the Yalgee, the Yilgarn, 
the Mount Margaret, and (he Dundas, and many 
rich goldfields are doubtless waiting discovery. 
The pioneer prospector in these w'atcrless 
regions takes his life in his hands, and should he 
be successful, and return safely to civilisation, 
the almost prohibitive difficulties of transport 
and watew supply have yet to be overcome. 
The cost of living on the goldfields is ex- 
tremely high, and since the inrush the colony is 
unable to raise food enough for ibs population. 
The total value of the gold obtained in We.st 
Australia in 190.3 was approximately £8,770,000. 

Towns. Perth, the capital, i-i situated on the 
Swan River, some ten miles from Frtunantle at its 
mouth, the chief port of the colony. Geraldton, 
the most important town noi tli of Fremantle, is 
the port for the Murchison district , which, in 
addition U) gold and minerals, produces wool. 
Cue, the chief town of the Murchison Goldfit^lds, 
is some 300 miles inland. (<ooIgardic and Kal- 
goorlie are both connected with the capital by Fail. 
The chief town in the south is Albany, on King 
G^X)rgo’s Sound, a coaling station for the British 
Navy, and a place of call for many steamers. 
TASMANIA 

Tasmania (26, (XK) sq. miles) is somewhat 
smaller than Scotland, which it rather resembles 
in scenery. The interior consists of a plateau, 
cut by tiie valleys of the rivers, and rising, in 
Ben Lomond in the north-east and Mount 
Cradle in the north-west, to over 5,000 ft. [137]. 

The i)icturesque lake, river, and mountain 
scenery make Tasmania a favourite summer 
resort for Australians. Lying in the track of 
the westerly winds, it has an equable climate, not 
unlike that of Southern England, and rain at all 
, seasons. At time of its discovery it was 
' . 3900 ' 


covered with forests, wHich bave been partfy. 
cleared for agriculture and sheep farming. Hiey 
still provide valuable timber, including eudalyp- 
ius of giant size. In addition to sheep fanning, 
much attention is paid to fniit growing, and 
Tasmanian apples are largely exported. Hops 
are also grown, and the usual temperate cereals. 

The capital is Hobart, at the base of Mount 
' Wellington, on the Derwent, which flows to the 
dangerous but picturesque Storm Bay. l.<aunces- 
ton, on the Tamar, is the chief port in the north. 
NEW ZEALAND 

New Zealand (104,750 sq. milos) consibts 
of the large islands of North Island (44,500 sq. 
miles). South Island (58,.5(X) sq. miles), Stewart 
Island (665 sq. miles), and many smaller islands. 

New Zealand turns, as it were, its bac^k to 
Australia. The west coast of South Island 
is deeply cut by magnificent fiords, but these 
give access only to lofty and inaccessible moun- 
tains, whoso glatucrs descend to within 1,000 ft. 
of the sea. The west coast of North Island, though 
lower, has no good harbours, and access is from 
the cjist, where all the inipf)rtant harbours aro 
situated. Cook Strait, which separates North 
and South Islands by thirteen miles of sea, has 
good harbours on both shoios. 

Mountains and Rivers. The west coast 
of Now Zealand is almost ovorywliere high. In 
South Island it is bordered l)y the ATJstralian 
Soutlicrn Alps, rising to the height of the Bernese 
OberlancJ in Mount Aoiangi or Cook (12,300 ft.). 
The New Zealand Alps contain fine glaciers, and 
their scenery is of t rue Alpine character. Ttwy 
are continued to the south by the mountains 
of Stewart. Island, and to the north by the 
west ern mountains of North Island, which reach 
5,600 ft. West of those western mountains of 
North Island, and quite independent of them, 
rise throe volcanic cones. Ruapehu (9,(XK) ft.) 
and Tongariro (7,500 ft.), with its triple summit 
arc still at^tive, but Egmont (8,200 ft.), rivalling 
Fujiyama in its faultless symmetry, is extinct. 
Tlie surrounding region, with its geysers and hot 
lakes, is one of tlie most interesting volcanic 
districts in the world. The famous j>ink and 
whito terraces wcto destroyed by the eruption 
of T’a-rawora in 1 886. The Western Highlands give 
rise to many rivers, which flow east following 
the slope of the country. They are of no great 
use for navigation, being either too swift or 
too shallow. The lower eastern half of New* 
Zealand is the settled portion. 

Climate. Tiie climate of North Island is 
considerably warmer than our own, the summers 
averaging from 65 dc'grces to 68 degrees, the 
winters from 48 degrees to 55 degrees. The 
climate of South Island is not very different 
from that of Southern England. The islands 
lie in the patli of the west winds, and their 
western coasts receive lieavy rains. East of 
the mountains the rainfall is lower, but sufficient 
for agricultural purposes. 

Vegetation. Reeources and Occu» 
pations. The wetter parts of New Zealand 
aro densely forested, evergreen pines and beeches 
predominating. One of the finest trees is 
the kauri pine of North Island, which yields 
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magnificent timber and a valuable gum. J^arge 
'quantities of this in^ fossil state are obtained. 

The drier eastern regions are grass lands, 
originally covered with fern or coarse grass. 
Much is now sown with European grasses. On 
th^e grass lands arc grazed enormous numbei-s 
of sheep, bred for moat as well as w’ool. A 
largo trade is carried on in frozen mutton, 
which is exported in steanu^ra fitted with special 
refrigerating chambers, (battle are also bred, 
especially in the west, and tlic dairy industries 
are rapidly growing. Much frozf'U butter is 
exported. Other ocsiupations depending on the 
pastoral industry are wool-washing, bone- 
crushing, boiling down, tanning, and such 
maniifactur(‘S as boots and shocks and woollens. 


isthmus, with a harbour on either side. Thames^; 
Napier and Now Plymouth are smaller North;. 
Island ports. In South Island, Lyttelton is* 
the port of Christchurch, on the Canterbury' 
Plainn, which have a southern port in Oamaru. 
Dunedin, and Port Chalmers on Otago Harbour, 
and Invercargill, on Foveaux Strait, are the chief 
southern, and Hokitika and Westport the western 
ports. 

THE PACIFIC ISLANDS 

The Pacific is studded with island groups 
of which the most important south of the Equator 
arc the Solomon Islands (British), the New 
Hebrides (under British and French protection), 
Fiji and Tonga (British), Samoa (United States 
and Germany). Society and Marquesas (French). 
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Agriculture is increasing in iin]H)rtanee. Oats North of the Equator are the Marianne and 

are the principal cental, and wheat, which has a Caroline Islands (CJerman), and Hawaii (United 

much heavier yield tlian in Australia, is grown in States). All are either highly volcanic, densely 

the Canterbury Plains. Potatoes are an important forested islands, or low coral inlands with littlo 

tsrop. Fruit grow'ing is not yet important, but vegetation hut coconut palms). Economically, 

might easily become so. [See Agriculture, the most important are Fiji, Samoa, and Hawaii, 

page 34G6.J Rice, cotton and sugar arc grown in Fiji and 

Now Zealand has valuable minerals. In 1003 Hawaii, and all the islands supply more or loss 

the output of gold exceeded £‘2,(K)0,000, chiefly copra, the dried flesh of the coconut. The 

from the Thames basin in North Island, the north- chief centres are Honolulu on Hawaii, Apia on 

west of South Island, and the river sands of the German Samoa, the United States naval harbour 

south-east of South Island. Coal is mined in of TuUnla on Samoa, and Levuka and Suva in 

several places, but much has to be imported. Fiji. Tlie French island of New Caledonia (8,000) 

Seaports. The capital is Wellington, on sq. miles), between New Guinea and New Zea- 

Coolc Steait in North Island, but the most land, is a penal settlement. It has great &neral 

ivipatpB^t tewTi is Aiu;kland, on a narrow wealth and is the chief source of nickel ore, 
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which, far preference, ehould be draUicd towecde 
tho centre and to the rear. Railway waggon 
floors are drained in this manner. 

Fruit Motor Waggons. The carriage of 
fruit also demands care and promptitude in its 
despatch. Lately, wo have been confronted with 
the largo supplies of bananjvs that roach these 
shores.’ Tho (*reat Wt‘Ht<’rn Railway has doiwi 
signal service in bringing the su])plies promptly 
to town, and when pimotually met at the 
station by tho road van, th(*ir deposit at the 
wholesale fruiterers in a ]K'rfect condition is 
<msiired. Fruit often requii<\s to be protected 
from extreme cold or heat, and contact sh(»uld b<* 
prevented as much as possible. Properly venti- 
lated vehicles arrang<‘(l <‘itlier to accommodate 
hanging bunehos or totake on its shelv(‘s and parti- 
tions small baskets, is t lie most servic<*able dt‘sign. 

Mail Conveyance by Motor. The 
nutiarks eoneerniiig tlu* design of the laundry 
van might b<‘ applied with advantage to the 
construetion of th(‘ vehicles carrying the parcel 
hampCTs and letler-baigs, although (*xtra means 
for sateguarding the load must be provid<*d. 
This side method of Jrwuliiig is certainly useful for 
emptying quickly, which is necessary with postal 
work, and w'c. may note* a passenger parallel 
in th(‘ method of seating the (irernen on the 
manual or steamer. We cannot fancy our 
friemds in the brass hi'lniets sitting face to fa(‘e 
in a waggonette and descending calmly one 
by one from a narrow downway to a narrow'cr 
step and finally to tlie ground. No, they jump 
in a group lad'orc a door handle could be turned. 

Commercial Travellers* Motor«cars. 
'Hien^ have beim many attempts to provide 
a useful vehicle for the trav<*ller. It is m*<*('ssary 
that lie should get into his ear ♦‘asily, and 
not 1 m' fUMched ahift as in .some iiiidesirahle 
patU‘rns. If he can take hold of a box of 
samples before he leaves tin* ear and withtmt 
going to tin* back, so much the hetter. He should 
then'foro sit facing towards the side of the ear 
a little so that tin* opening immediat(*ly behind 
his seat may allow him to enter the body proper, 
w'liere tln're is just room ha* him to turn round 
with all his boxes arraiig(*d on stielves around 
liim. The interior may lu* lighted by a small 
sk^ight or a neat electric lani}). 

Doctors' Motor-cars. A doctor should 
keep to tin* old order of things unless he can 
afford a small medium-powered single landaii- 
lette Avith roof extension to the dasli with the 
ehauffeiir seated on a single central seat. H<* 
lias few things to take with him, and this tyjx* of 
vehicle is at once dignified and suitable for all 
weathers. Why a rabbit-hutch contrivance 
in vvhieh both the prof(‘ssional man and liis 
chauffeur arc boxed should b<* eonsider<*d 
de.sirable is a matter requiring much reflection. 
The landnulette need not 1 h* rnad<* wide enough 
for two lH*tW’eon the standing pillars if it be 
nocessary to reduce weight to a minim u in. 
A widtli of 2 ft. 9 in. allows of a comfortable 
seat and room for a bag and books of reference. 

Cars for Heavy and Light Bulky 
Loads. Hitherto when transporting heavy 
materia! such' as boilers and machinery, it has 
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been found most economical to use ordinary 
horsC'drawn vehicles coupled to a small 'traetldiv 
engine. Most of the heavy motor lorries are 
quite as high as the horse-drawn types. Witli 
mechanical improvements we shall probably 
have cranked bodies as we have seen in pleasure 
ear chassis, such as the Darraeq and Talfcot. 
Bulky loads, such as farm produce, arid empties 
are often carried by means of trailers. 

Front-driving Motors. A motor coupled 
up to the front wheels, such as the “Latil,” 
is useful when d(‘siring a motor van to cany 
thcntrical scen(*ry or long lengths of timber. 
1’he transmission of the power to the far 
away hind wheels would mean great loss of 
powder and (‘iilail an amount of he.avy shafting, 
etc. This type of motor might lie made useful 
for th(^ transport of other light bulky loads 
besid<*s scenery. 

Motor Omnibuses. Perhaps the chief 
way in which the utility of the motor-car is 
impress(‘d upon the genc*ral pulilie, especially 
those w'lio cannot afford to possess one, is by 
means of tlic ])ublic service vehicle. 

7’Ih* electric traincar partakes of both the 
railway and tlu* motor-car, but the “ ’bus,*’ 
be it single or (loul)lc ih'clo'V, is an automobile 
proper. Katla r than see how many passengers 
we can crowd on a certain chassis, it would be 
lar l)<‘tl(*r if t‘ach [lasscnger were ullowa*d a little 
more nami, t‘V(*n at tlu* (‘xpt‘nse of rKlucing the 
currying capacity by thr<*c or four. It is the 
untiring ('ffort on tlu* part of the diffi*rent com- 
panies to wedge their custonu*rs into the smallest 
possible legal space, and this is the reason w^hy 
the eorrklor earriagt* is not yet more generally 
adopteil on our railways. Motor ’bus promoters, 
who grumble so much at tramcars, w'ill do w'ell to 
copy some of the inP'rior comforts of the Icatter. 

Having coustruct(‘d the body of the best 
mat(‘rial, leak being more pr<‘f(‘rable than ash, 
aial suffici(‘nt time* having bot‘n allow-'*d for th^* 
hardening of tlu* last coat of varnish, \sv should 
expect to find a well -designed body Avith the 
majority of the following details. 

Seats and Seating Accommodation, 
bbich inside passenger should have at least 17 J in. 
ol sitting-room, and a brass rail should la* supplK*d 
to divide the passengi‘rs into two divisions in 
Older that the proper seating aceommodatioil 
niay lie easily obtained without recourse to 
individu.al divisions. 

The overall widlli of the roof should be not less 
than 7 ft. (> in., Avhicli will not exceed in most 
eases the overall of the hind mudguardo, and 
tile garden seats each seating three persons might 
be placed in tlu* centre of the roof, a gangway 
hc'ing ])rovided on each side. This garden soat 
should be made so that a slight dip tends to keep 
the passenger centrally rather than towards the 
gangways. Much of the discomfort caused to out- 
side rkh*rs might be minimised if a set of springs, 
painted or covered Avith w^aterproof material, Avere 
plaeetl befAveen the seat laths proper and a foun- 
dation. If tho usual method of roof seating with 
central gangway bo adopted the same overall 
width should be maintained. The height of 
the roof in the centre being kept the Same, the 



TRANSIT 


sid^ should be higher, so that less arch and 
consequent less discomfort may be given to the 
passengers, besides allowing of more ventilation 
inside. A fare table should also be visible to 
the outside passengers. The cross seating has 
been tried for the interior, but while the drivers 
and his levers etc., are between the passenger 
and the view, not much comfort is added. 
It is certainly a favoural)lc method when the body 
is open-sided, as in some patterns of tramcars, 
or if of the char-a-hanc type. 

Staircase. Again w'e plead for a few 
more inches, this time in the width of the treads. 
If one or two more risers and treads were 
inserted, the difference in comfort, especially 
for ladies, would be appreciated. But the stair- 
case, whatever its pattern, is, after all, only a 
necessity owing to the public d<*mand for a 
roof seat, as the omnibus and tramcar have 
become a means of plcasurtj in the form of an 
enjoyable ride- Tlu? pio[)er dcvt'lopmciit of the 
single decker has much bch re it, especially for 
country roads. We might add 1*2 in. to the lica.<l 
room of existing ty})es and go on devising drop 
sashes till they do not rattle. 

Curtains and Other Fittings. Siuli 
items as curtains are best in the spring roller 
tyj)e, and as there are firms who have supplied 
them in their tens of thousands to railway 
companies, there is no need to argue that a projier 
fitting has not been dcvis<‘d. Small electric 
pushes may be fitted as in tramcars to arrc*st 
tluj vehicle when the conductor is on the roof. 
Advertisements should be entirely banished 
from the intcTior, and illustrations and (h‘- 
scriptions of places of int(‘rest (‘U route allow<d 
to take their places. 

Lighting and Heating. The lighting 
of the intxaior should allow each inside passc‘ng<*r 
to read with comfort aftta* dark, an electric 
lamp over the shoulder being b<*st. H(*ating is 
easier with steam systems than with the petrol 
type. Wc have yet to see the evolution of 
heating systems in road vehicles. 

Suspension. The chassis being hung on 
springs strong enough to tedic the m.ixinuim 
load and of sufficient length to absorb vibration 
easily, there is no reason why the body should 
not be suspended on a set of springs of its own. 
In steam rail motor coaches we see the front 
end of the passenger body resting on a moveable 
bolster provided with springs, the whoh^ resting 
on knife edges. This tends to isohite the body 
from the vibration of the engin*}. Possibly this 
can be adopted on the motor ’bus. 

Announcement of Destinations. 
Where the ’bus goes, where it eonios from, and 
the direction in which it is travelling should be 
made quite clear by day and night. The t wo sides 
of the vehicle should be taken up with the names 
of the cliief places jxassed through during tlie 
journey, each side reading the same, except that 
the near side should always read from left to 
right and from top to bottom, the different roads 
and streets in the order that they are passed in 
the way the ’bus Is travelling should be recorded. 
The front should be simply inscribed with a 
'^ible sign announcing the terminus, and the 
1 C a8 


rear should be similarly fitted. Both should be 
capable of illumination at night. 

Advertisements must be kt.*pt above the roof 
line, and should not be placed on the windows. 
If this were done, advertist'ments would not be 
confused with the destinations, and light would 
be allowed free ingress into the interior. 

The route naming that is becoming f ’-sliion- 
able with motor omnibus companies is to be 
uplu‘ld if it does not confuse the stranger. 
“ Vanguard," “ Ensign,*’ “ Pioneer,” “ Arrow,” 
and siKih words tienoting enthusiasm and enter- 
prise should not ta.k<* up the best part of the side 
panel and crowd valuables space which should 
bo allotted to the d»‘stinations. The public are 
quite likely to assoeiatt' a certain name with a 
<!f‘rtain rtaite, and as the cars are continually 
b<‘ing transftared to other routes confusion is 
caused. 

Improvement of Motor ’Buses Pos- 
sible. The old omnibus companies that have 
used the horse for many years past find that the 
expensive quadruped lias brought them better 
dividemls tlian railways. They should he ahU* 
to adopt all the improvemients suggested on a 
motor omnibus S(‘rvie(‘ without deirn^asing their 
returns or th(‘ pay of tlufir (Muployees, as the new 
hum of traction is cheaper. 

Tlie mechanical omnibus is in its infanciy, and 
is eertaiu to devehqi into (‘onqiarativc'ly geru*ral 
use. TJiis will come all the sooner if the newly 
formed society of Motor Omnibus Engineers has 
among its members a moderate jiroportion whose 
thoughts are not confined to sparking plugs, 
sihmeers, and such things. 

Influence of Motors on Other 
Vehicles. The coachbuikhrr has in some 
instances copied th<‘ motor body types in Ins 
latest productions for horse traction, (loverness 
cars, from which the tonneau was ])artly evolved, 
have been made witli top ])ii,nels carrying tin* 
hack squabhing very simil{ii* to tlie motor body 
t^^qies. Bucket -slia])ed seats have he(*n adopted 
in phaetons — in<*luding victorias — as well as in 
sociahh's, and tlu^ rt'vival of tlie motor landaulette 
li.’,s seen an awak(*ning caiiong the horse-drawn 
types. The tonneau phaeton is practically a 
tonneau motor Viody on the eoaehhiiildor’s under- 
carriag(% and it might he yet more successful as a 
no\elty if it were hung lower and matle easier to 
enter. 

I’he railway companies have felt the presiaiee 
of the automobile. Not only are they adopting 
motor omnibuses and char-a-hamrs to bring 
(uistomers to the railway stations, hut they are 
bringing up to date an old typo which is now 
known as the mil motor coach. In the majority 
of cases it is driven by (he much tried steam 
power, and wt^ yet have to see the adoption of 
tJie petrol motor, such as the Great Northern 
Railway (^orapany are trying, to this new type of 
bofly. The influence has been felt even among 
mail carts, for the youngster can now be pro- 
vided with a pedal -driven motor car, and if its 
parents can afford them, such details as lamps, 
goggles, horn, etc., may be included, in order 
that “ playing at motors ” may be carried out 
thoroughly. 
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The Old Compartment Trailer. We 

notice with pleasure that the rolling stock of the 
new motor coaches is cither of the saloon or 
corridor typo. The renouncement of the com- 
partment lype in tliose vehicles as w(‘ll as in 
tube trains and other new electric rolling stock, 
will help to expel them from the main and 
suburban liiie.s. In public* service* vehicles, safety 
lies in com|Kiiiy. It lias bc'cu shown time and 
again that the compartment system is fraught 
with danger. 

Weight Cutting. Th * motor-ear trade has 
revived the use of eons truet ion al mc'tal woik in 
vehicles. Aluminium p iiu*ls, framework angle* and 
moulding, vnIicii of good quality, are ligliler, and 
necessitate l<*ss tibour in the* ]> linting, altliough, 
jierliaps, they tlo not give* cpiite so (lur<il>le a 
linisl). The m<‘lal fianel is also b<‘tter adapted 
to quick turns, yet ui some ease s, where we have 
a return curve* in the tuni-under together with a 
side sw'cep, we tind that such a p.anel k<‘<*ps 
its sha])e bettc'r if of mahogany. 'Hu* side pane*! 
in a curricle -shaped body is an illustration of 
this. 

Still, tlio ex])ei iimeed met d -worker who is used 
to the recent rieiti<‘S of tlie material will more 
lik<*Iy 1m* Hue<*<*s’^f u I in turning out a piece of 
work that does not olfeiid (Ik* eye whiehevi'r vv'ay 
it be viewed. Perluqis the most aggravating part 
of a thin metal panel is wh<*n it has a slight d<*nt, 
not enough to warrant an expensive repair, yet 
suflReiont to spoil the heaiity of an cthervva«c 
good surface. 

M(*tal hoopstieks may bi* sein in motor 
omnibuses carrying the root, and the u.se of 
aluminium eastings will do mueli to reduce tho 
dead weight. 

Metal Railway Waggons and 
Coaches. Railway w iggons are now some- 
tinie.s built entir«*ly of metal. This iqiplies not 
only to the nu'dium types, hut also to the now 
varieties of high capacity' waggons w ith the vary- 
ing method of dis<-hargijig (be load. 'J’he passen- 
ger railway vehicles an* also being designed with 
panels and other parts of metal. By oaiefully 
apportioning the various slieet thicknesses and 
sectional stri*ngths of the various members, not 
only have we obt viiied a liri'prcxif carriage, but 
the total weight has b{*en redueed. This is a 
consideration in the trenioudoiis weight which 
corridor carriages liave attained during the last 
eight or nine years. Jnerease of comfort has done 
this, for cooking stoves, dining tables, refresh- 
ment bars, sleeping berths, es])eeially one-lx'rth 
compartments, heating and lighting apparatus 
cannot be provided without adding to the weight. 
They all, more or less, take up room that might 
be occupied by a passenger. 

As far back as 1898, American railway carriage 
designers came to the conclusion that 100,000 lb. 
was an enormous weight for a car, even if it were 
fiome 70 ft. in length. British builders, less 
eager to crowd their stock with every com- 
fort, have not erred so greatly as have the 
Aoiericans. The Brash Electrical Engineering 
Company. Limited, are to be congratulated 
Oil new ^po of steel coach they have 
' huUt tor the Great Northern and City Rail- 


way, the electric tube railway running fifom 
Finsbury Park to Moorgate Street. Here, the 
weight per passenger has been redu<^d to 
057 lb. A modern dining coach seating 20 
will oft<*n weigh nearly double as many tonSi, 
while even a saloon carriage? holding 56 passengexs 
will work out at nearly half a ton per passenger. 

Pleasure or Private Motor Vehicle 
Design. In a commercial vehicle we naturally 
expect the interior to bo as useful as possible. 
'J'he exterior, boundetl mostly by straight 
lines, will fulfil its purpose in ordinary cases 
if neatly linished without any recourse to 
exi’css ot di'corjition. Probably the enterprising 
and up-lo-<late tradc'sman will get better value 
out ot his motor \ chicle if he paints and inscribi‘9 
it in a striking manner, as jwovioiisly suggested, 
but this does not require ciirv'ed boundaries for 
its ilisplay. In a gentleman’s touring car we 
may Ik* o.xeus<‘d if we desire further to emlxillish 
the body after (lie seating and (>th(*r accommo- 
dation has been iirofierly arranged. 

We must have a straight liiu* if the ])anel ends 
at tlie sent line and where the rocker joins tho 
top ot the frame, if it be of tho ordinary iiattera, 
but th(*re are many instances where a flowing 
curve may be used with advantage. Some de 
signei.s hiive ( onhiderod that any line deviating 
from (he stiff straight line and an abundance of 
scrolls <ind dub ends gives a beautiful effect. 
Rut anyone who lias tlie slightest artistic pre- 
tensions will allow that tho fewer and simpler 
the lines noeessaiy to carry out a body, the more 
pleasing is the elleet and the more lasting tho 
pleasurv* so created. 

French Taste. Without In'ing accused 
of w'ant of jiatriotism, we do well to closely 
notii'c the style of outline which the best French 
taste dictates. We tind that the lin<‘S flow. As 
we follow tho outline, it never seems to lie still 
or remain flat in any }>la(*o. We shall find in a 
Ivoi fk*'« Tk'lges tonneau that the line that bounds 
the top extremity of tlie seat panels is a beautiful 
curve the whole way. There is scarcely a spot 
wlu*ro a straightedge would lind a resting place, 
even for an ineli, and yet there ks nothing exag- 
gerated in the ap]»ea ranee. 

Owing to its shape, a J in. half-round moulding 
giv<*.s nioie retleetion to the varnish, thereby 
imparting a lighter apjiearanco, and the siao 
suggested, when increased, is inclined to give 
a heavy eflect to the whole. 

Front Seats and Doors. Tlie position 
of the chauffeur’s sc‘at is generally determined by 
the ))(*dals and steering wheel. The occupant 
of the seat beside him, not Ixdng lx)und by any 
meehanieal considerations, may encroach a littfe 
on the space between the front of tho seat and 
the dash, therf*by securing a more roomy seat, yet 
k<^ping the backs of the two front seats in line. 
IJghtly constructed doors are useful in kcepng 
the draught from the legs of those on the £n>nt 
seats. In designing the top line of the doors, 
it is desirable that it should not be a continuation 
of the front seat line, but swept gently upwards. 

A doorway less than 20 in. wide gives 
comfort to the passenger or quitter, and 22, im 
IS the normal width with the horse-diawn type 
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for side entry. 'Phe engineer’s designing of the 
ch&ssis often results in tlie right-hand bottom 
corner of the door being cut away, owing to the 
nearness of the hind wheel and wing. 

Lighter Appearance of the Body. 

Round comers at the back give a pleasing and 
lighter appearance, although they arc, no doubt, 
a little more expensive to construct, cspt‘cially 
when a piece of curved glass is included. Glass 
itself gives a light appearance, but it must not 
be forgotten that a sheet of plate glass is heavier 
tlian a coiresponding area of mahogany or 
aluminium. The use of imitation cane- work, 
if it coincides with the customer’s taste, is also 
useful in doing away with a heavy appearance. 
But it must Ix^ put on with due regard to bevels 
and round corners, otlKU'wise it will be iin.sightly. 
It is a pity that the hand method has Ixien 
sup(‘rseded, for in it there was more chance of 
every allowanctj being made for the direction 
of the surface. Striping and sliaiustitiks must 
be quiet, otherwise alti'iition is detracted from 
the outline of the. body. 

Demand for New Types of Bodies. 

Pho automobile salesman is asked by some of 
his eustonuM's to eonstriK^t bodies involving 
wonderful id(‘as, many of which arc |)rac(ically 
impossible of r(*alisation. Alth(nigh some foolish 
di'signs ha ve hecu tJie result where tlie purchaser 
has insisted against the advice of those who are 
expta'ieneetl, yet^ (he elfect, as a whole, has been 
to inv(‘ni many fresh designs in seating and 
other arrangem<Mi(s, as w'ell as in the general 
tronforniation of the body. 

The Future. 'Powards th<^ end of the 
year 1 Odd we lind that (ireat Britain is turning 
out automobiles ccjual in pt^rformance to thosti 
miwhi in France. As yet, the pleasure ear is 
in the aseendaney ; but no doubt time will 
bring proport imis of other vehicles. '^Pht^ vShow' 
at Olympia is an evidence of the ])opuIarity 
as well as the prosperity of the new method of 
locomotion, ami already the technical Bress, the 
linest in the world of its kind, as well as news- 
papers and magazines, show what a trenu'ndou.s 
hold it has. 

It is, from the automobile point of view% a 
foregone conclusion that the man of the future, 
will be more of an engineer than his father, 
(.’yeling ^developed mechanical thought ; rail- 
ways, interesting thousands more than they 
actually employ, have fostered it, so auto- 
mobilism will find a prepared held upon which 
to work, and a w-ide scope. 

Wo cannot believe that the horse will be 
entirely supen^eded, for it liaj^ already with- 
stood the advent of the “ iron road,” but 
it may be safely proplu^sied that few omnibuses, 
tramears, medium and heavy vans, will be horse- 
drawn some ten or fifteen years hence. 

Wo have seen that the railway is primarily 
A carrier of merchandine. Is the automobile to 
develop in the same direction ? 

Coachbuilder’a Machinery. We have 
seen ' that in factories with largo output, and 
especially in those where repetition work is 


turned out in quantities, wood- working machinery 
is an absolute necessity. Apart from tlu^ 
difTerent tools, each doing their own special 
work, w'e find several types of motive power. 
Tn medium sized and larger factories the steam 
engine has for some time lu ld its own, but lately 
it has been used to drive a dynamo, so that neat 
little electric motors may be coupl'd up to 
eacdi maeliine. Anyone who has seen an old 
factory conv<*rt<'d from direct steam powxT, 
with its endless bands and pulleys, to electric 
ptiw'cr, will appreciate the saving of space, 
the better light, and tlu‘ cheaper working gained 
by the ncwei’ practice. It may he that the 
manufactory can draw power from an electric 
main, in which case ih(‘ steam (Migine is not 
wanted in the factory. (Jas engines fiiul favour 
in small shops, and need no boiler, chimney, or 
coal. Also the ])owi‘r is set. in motion or anested 
as required, and is sp(‘eially valua ble w here tlu; 
work is intermittent. 

Petrol Stationary Fngines. The 

petrol c.\ plosion motor by no m<‘ans (Inds the 
r>nly outl(‘t for its (Sit'rgy in pro])clling road 
vehicles. It is iinnc'ccssary hi*ie to consid(T 
motor boats and Hying machines, hut as a 
stationary <‘ngine we cannot overlook the fact 
that this near relation of tlu; gas (‘iigiiu; is 
desliii(‘d to do much useful work. Airtsidy it 
has Ix'cn adapted with suec(‘ss, and eminent 
(*ngine makers an; providing types designt'd in 
frames suitable for tin* work, someiimi‘s with 
at (ached dynamo in the evemt of electric pow(‘r 
being required. The manufaeturer is fortunate; 
who is conveniently situattxl to a wat<*rfall where 
he can utilise this elieapest of power. But 
Niagaras, even modest ones, are. few and far 
iM'tween in (his country. 

LrOg Saws. The first machine (hat de.s(‘rves 
notice; is naturally that attacking Uie log and 
conveTting it into planks. A vertical log 
band saw’ ciVects this by means of an endless 
saw passing over juillcys, tlu* timlx'r being laid 
on a trfi veiling metal table. The. machine takes 
its name from the position in w'hieh the saw 
Avorks. The latest method of treating with the 
log is by machine's with horizontal band saw's. 

These le^g saws are euntimious in their action, 
and the timbe*!* may be e*xamined after each 
cut, that the man in charge; may see if the next 
out she)uld he made as e;lose* as originally inte*nde‘d. 
Le)g saws art; also arrangeel in s(;ts wluTeby a 
log may he slabbed ce)mf)letely into planks or 
he)ards at one e)|K;ratie)n. Tt is w'cll to remember 
that the; thinner the saw blade the It'ss the 
wasU’ in conversion. The young timber student 
is often liable* to feu’gct allowance for saw cuts 
wlum, say, a in. de;al has to be cut up. 

The Ordinary Band Saw. A coach- 
builder must have a very small and unusual 
business not to warrant the adoption of an 
ordinary band saw-. This tool is very useful for 
work with curved outlines, and can be fitted 
Avith an adjustable fence for straight work. 
For dealing with stuff on the bevel the table 
can be swung down to accommodate the angle 
of the Avork under treatment. 
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Another u8(»/fiil machine is the circular saw* 
which may ho hand or machine fed. The fence 
may removed for cross cutting when the 
capacity of the shop clocs not warrant a separate 
machine. 

(.Mreuiar saws arc also fixed to the beams 
overhead as wc^ll as to the ordinary table. The 
former arc known as pendulum saws. Fret 
saw’s are useful for cutting out inU*rnal work, 
a bole )u‘ing drilled for th<‘ start. 

Planing Machines. Planing machines 
are oft<*ii more in evichaiee than is comfortable 
to the hearing. V<*t w'hen one sees a machine 
facing the four sides of a heavy piece of timber 
ill a few^ niinut(‘S he is, perhaps, reeoneiled to 
its noise. Maehiiu' planing can be given a 
higher finish by passing the stuff through 
scraping nuiehinl's, after which proc(*ss little is 
necessary on tfu* part of the hodymaker. 

Th<* various joints are quickly and aeeuratt^iy 
sha}M‘d on matchboard ing, mortising, boring, 
and tenoning machines. The function of irreg- 
ular moulding machines is to form ndiates on 
pillars and rails, and mouldings of various 
sha[K‘.s wh(‘rc reiiuired. Wood lathes are 
nec<‘ssary tor any work of a circular character. 
A very useful class of machinery is that set 
apart for the manufactun* of wheel parts. 
Spokes are made and co]ii('d, stocks bored and 
mortised, felloes plau(‘(l, and rims bent and 
dressed, 

Metal«worKing Machines. The smith 
as well {IS the bodynmker has his mechan- 
ical appliances. Kis tin* may be blown, his 
tyres bent, his work forged and upset- all 
without manmil laliour. In constructional steel 
work we should <*xp<‘et to see in th(‘ railway shops 
riveting and puncliiiig machines, a class of tool 
which is often operatisl by pneumatic pc > wit. 

The Elevator. Although present ])rae- 
tice does not favour inany-stori<‘d factorhss for 
vehicular w'ork, yet it is giaieral to find an 
debitor or lift wliicdi carries up the body in the 
wood and iron to the paint shop, or brings down 
the tiiiislied vchic'le ri'ady to bo sent away, 
'file lift must be suit(‘d to the load it has to carry. 
Poach builders find that motor-cars, when being 
sent to the paint shop with chassis complete, 
nee<l a more pow't'rful lift than has hitherto 
been necessary. I’rjivellers on the (Viitral 
London Railway are familiar with the hydraulic 
and electric types, and tluTc are also the older 
patterns coupled up to the factory steam engine 
or w'orked by hand. 

Technical Education. The techno- 
logy of vehicle building has received most 
attention in the road and rail eairiage building 
departments, but durii»g the last two or three 
years, vjiu- building and wheelwright ing ha v<‘ been 
ineliidc'd in the syllabus of our large institutcH. 
Evening chrsses are held during the winter 
months in such centres as Birmingham, Bristol, 
Newcastle, Liverpool, and Wolverhampton, 
while London, w'hieh lately had three classes 
in road carriage building, has now only one. At 
Stratford there is a large class in railway work, 
the natural outcome of the factory in the vicinity. 


Official ExatoinatloM* The City and 
Guilds of London Institute recognise all these 
three subdivisions of the trade (road, rail, and 
van), and separate examinations ore held . 
annually, generally about May. 

Vehicle Day School. London pos- 
sesses the only English jiractical day school in 
vt‘hicle work in the world, and although the ‘ 
evening classes are w'ell apprcH-iated, it is a great 
pity that the day school is not hotter supported 
by the trade. 

The luolor body is elassitied officially with 
the horse-draw'ii carriage, and iis yet no separate 
syllabus has been in operation for the different 
lirineiples governing autoinobilo coaehwork. 

Literature of the Trade. Ponsidering 
tlio inq)ortance to tlu^ community of vehielei 
g<‘neraliy, the scantiness of the textbooks 
available is sur])rising. 

Kail carriagj' building is, how'cver, well repre- 
sented by the “ Par Builders’ Dictionary,” 1903 
(“Railroad dazelte,” New' York), price $5; 
“Railway Parrisges and Waggons,” by Stone; 
parts 1 arul 2, lODo-O (“ Railway Engineer,” 
Ludgate Pireiis, E.P.), lOs. tid. each part. The 
“Loeomotive Magazine,” 2d. monthly, contains 
many uscTuI jirtieles on railw^ay eoachbuilding 
from tiim^ to time. 

Road Carriage Books. Tliere arc many 
small t(‘xt books and pamplilets published, but 
none can be considiTC'd manuals. Among the 
bt‘st are Rhilipson on “ The Art of Poaeh Body 
Making” (John Kemp) : Philipson on “Suspen- 
sion of (’arriages ” (“ flub,” New York), and 
“ Poaehbnildiug ” (Bell), by the same author ; 
Thrupp on “History of ('oaehos ” (Kerby & 
Eiul(‘an) ; “ Handbook for Poaeh Painters,” by 
Simpson (Pooper) ; “Poach Trimming,” by 
Farr & Thrupp (Chapman & Hall). 

A useful eol lection of essays is the volume of • 
pap(*rs read before the Institute of British 
Parriage Mariufaeturers (18S,‘MOOl), published 
by the Powage Press. The subjects embrace all 
departments of the trade. 

As regards trade journals, we have the “ Auto- 
mobile and (‘arriage Builders’ Journal” (16, 
Eldon Stn^et, E.(\), lOs. per annum, and the 
“ Poaehbuilders’ Art Journal ” (64, Long Acre), 
2.5s. per {innum. Both are monthly periodicals, 
and embrace all departments, including auto- 
mobile work and van-building. 

Illustrations and general details of motor- 
car bodies are well set out in the numerous 
motor-ear weeklies, such as the “ Autocar,” 3d., 

“ Automotor,” .‘kl. ; “ Motoring Illustrated,” Id.; 
“Motor Par Journal,” Id.; “ Tlio Car,” 6d. ; 
etc., but their actual province is, of course, 
motor engineering. 

Cycles. Books on cycle construction in- 
clude “ Modern Cycles,” by A. J. Wallis-Taylor, 
10b. 6d. (Lockw^ood), “Cycling,” by II. Graves, 
etc.. Is. (Sutfolk Sporting Series), “Cycling” 
(Ward, Lock & Co., Ltd.), Id., are useful little 
works on the popular pastime. Periodicals 
such os “ Cycling ” and the “ Motor ” (formerly 
“Motor Cycling”) are representaUve of the 
periodicals. 
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Drawing-in or Healding. Practical Points in Jacquard 

27 

Tying. Making Cloth. Linen, Jute, and Silk Looms 

Cnntiinied from 


By W. S. MURPHY 


LJAVING acquired an underHlanding of the 

* structure and fittings of the loom, we can 
now proceed to inakc^ use of it. TIk^ war}) is 
liealded before it is put on tlie loom ; but the 
method of drawing is founded on both a know- 
ledge of the loom and the plan of the designer. 
For every design there is a trc'ading jdan, or 
draft. former tt'rm i)oints to tht^ treadles 

of the hand loom which direct the motions of 
tile healds ; the latter term ajiplies to harness of 
all kinds — to the jacquard, the dobbie, the lapp<*t, 
and other eontrivanccN, It is by the manage- 
ment of the war)) and its relation to the vv('ft 
that tlie loom is patteriu'd. 

Plain cloth [)reseiits no ])robleni : the treading 
plan is straightforward. 8ay that avc hav(‘ two 
healds. The weaving iMuirn [ 174], wdth tire waiqr on 
it, is slung, and tlui healds are hung before it. 
Th<^ liealdta‘\s boy hi‘lp<‘r stands at the war}) and 
feeds th(i tlireads in })ro})er order. Through 
heald No, I the first, third, fifth, and all 
th(} odd-numb(u’ed threads are drawn ; througli 
heald No. 2, the second, fourth, and oth<*r 
even numbers an^ drawn. Th(‘ lu'akh^r has a 
tool like a long croitheting needle, with which 
he })ij1Is through the threads at a ra})id rate. 

When one plain 'web sueeec'ds another, the 
former war}) leaves ends in the healds, and then 
tht? duty of the healder is to twist the ends of 
the new warp on to 
the threads of thookl 
one. 'The trade d(v 
signation of the old 
t)rder of men who 
did the healding was 
drawers ami timsters. 

Treading Plan. 

It is when we take 
u}) twills and fancy 
w eave s that the tread- 
ing plan becomes im- 
portant. For every 
change in the relation 
of w'arp and Weft we 
must have a heald. 

'J''he three-leaved twill, 
for instance, is only 
one remove from 
plain weaving, and is 
applied to sheetings, 
blankets, and otlier 
cloths of that nature. 

With tlfe three leaves 
wo can obtain only a 
single variation in the 
warp — two threads 
up and one down, one 
up and tw'o down. 


alternately, though the weft may efT(‘et otluT 
variat ions. 

Four-leaved twill begins com})lexity. With 
four healds w^e can rnske^ a fairly large vari<^ty 
of })aUerns, limited only by the general rule that 
“ when two threads differ from (‘ach other in 
their ordta* of weaving or interweaving at any 
point, they cannot be actuated by the saim? 
lieald.” Three llin^ads over and om? under the 
weft is cashmere ; two nnd(‘r and two over gives 
a tw'o-si(k‘d twill. We may r(‘ verse the order of 
the first, and vary in several other ways which 
are obvious. 

Dimity and Diaper. Five leaves add 
still further to the resourees of the designer. 
The sim})lest use of tin* five leaves is in flic 
})roduetion of dimity, in which the weft })asscs 
ov<*r four war}) threads and under om*. ]Iiaj)er 
alternates thc‘ action, four threads of Avar)) and 
four threads of Aveft coming ii}) in turn to the 
surface, with, of course, on<* int<Tinediate thread. 

With the tive-leav«‘d harness, the satin surface 
can be produced, and, in heavy cottons such as 
ji'.'iUH, or Avoollcns, is commonly ado})ted. 

Num(*rous line patterns are woven Avith the 
set of five healds ; some Aveavers contend that 
the finest cloth effects rc(}uiro no more ; but the 
numbers run u}) to eight, ten, tw'(“lv(‘, and even 
sixteem in some fabrics. Silk AveaA^ers often 
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prefer the large number of hoalds to any other 
form of harneHs. Wo tliink, however, that ten 
healds mark the limit where the use of hoalds 
ceases to bi* of »uiy advantage over the jacquard 
and the dobbio in any oirouinHtance, and highly 
skilled weavers even rt‘fiJKe lo allow more* than 
live where the jaerpiard can be brought iiilo 
requisition. Into this debate we do not invite 
the student. Kx]>eii<‘nee will enable him lo 
form an o])inion of liis own. 

Harness. (Ireat as the French inventor was 
in g<‘niiiH, he di<l not oiigiiiute a Mngl(‘ im]K>rtant 
feature in the ja(M|uaid machine, lake Shake- 
s]>eaie, lie took th(‘ mateiial at band, and put it 
into his idea. Th * jaef|uard, in short, is sinqily 
the old loom harness ( 175. made aiilomatie. De- 
tailed study of tlie hariK -s would not be of imali 
j> r a e 1 i e a 1 

value, and we 
therefore note 
only those fea- 
tures it has in 
common with 
the jacquai d 
to assist the 
student in 
unilerstand - 
ing the opi'ra- 
tion of tijimj. 

A boarcl (c) 
perforated 
t hroughout 
w’ashung over 
the loom, aiwl 
through this 
the cords of 
the harness 
were yiassedto 
the number 
j e q u i r e d , 
amounting in 
many cases to 
t housa n ds. 

'rhe eords (c) 

W(*rc loopc'dto 
take up the 
warp threads, 
according to 
the design ; tliese, again, were knotted log(‘th<‘r 
at the neck, and Ikuii each group a sirigU* 
coni passed through a senes of pulleys across 
to a lix('(l jiieee of wood, called the table (o), 
and firmly fastened. From e<u'h cord (?<’) a 
cord was let down to a fixture in the tloor (/), 
and at the side of these anotlier stout cord (/) 
was fasteiuxf from floor to ceiling, ^ext, small 
cords culled la.she^' (?) wen* bound in the order of 
the design from the harness cords to the fix(*d 
cord. I'he drawer pulled the first sot of lashes 
tight, bringing out the proixir vertical cord from 
the rest ; these he pulled by themselves, and 
tlms acted on the set of harness cords he designed 
to call into action, lifting the warp threads in 
the order the weaver required. 

Tyinq^ up the Jacquard. The student 
hxs mad,# acquaintance with the mechanism of 
the jacquard, and it now remains for us to 
inquire into the methods to • be adopted in 
j \ 3910 


bringing it into practical nse. In Ute oM W- 
ness loom wo had a certain freo^m wto>h « 
limiU-d in the newer apparatus. We could put 
as many or as few cords as we liked into a row 
on the ‘harness ; but in the jacquard, because 
it is a machine applicable all round, the <?ord8 
and iiee(ll<‘s eorivsjionding must be denmt^ 
riumb(‘rt‘d. Jacquards are knowm as 3W, 4W, 
500, or (>0t), according to the number of hooks 
tlicy contain. 'I’he hooks arc i tinged in rows 
of S and 12, and <‘ach r(>w must be com^pleto ; 
therefore a 300 jacquard contains either 304 or 
308 hooks, just as tlu* liook.s arc* ranged in rows 
of 12 or S. Siqiposi* our pattern occupies 18 
thrctids, what is to be done? 31ie number 18 
is not a multijile of 304. We must east out, as 
tli(‘ saving is, 10 hooks. 3’iiis is not such a 

simjilc matter 
as may seem. 
We have to 
k e (‘ p the 
whole web in 
d u e propor- 
tion ; tho va- 
cancies must 
be so distri- 
buted as to 
leave no gaps 
in the warp. 
J^"or the sake 
of simplifying 
t h o matter, 
- let us suppose 
that wo are 
working with 
healds. If our 
lu'aldsgive ()0 
thro a d s of 
w.irp to tho 
inch, and we 
lind it im- 
liraeticablo to 
give more 
t li a n 5 0 
threads to the 
inch, our plan 
would bo to 
miss one loop 
in 30 in the heald of 300 ciirds. Similarly, 
ill our jaequ.nd we must reduee the numbor 
of tlireadh jiei meh m th<‘ warp if the pattern 
<loes not eome out <‘ven with tho number of 
linoks on the m icliinc. In designing we havo 
this to consider end provide for. Should it be 
lUMX'ssary to ])ut a large numbi*r of threads into 
the im h, the proet'ss must be rt*verscd, and the 
extent of p<itb'rn wovx'ii at e?ich revolution, or 
the total use of all the books, reduced. At this 
l)v)int w'o sight tho vast range of problems which 
the desigiu'r delilKTutely faces when ho under- 
takes to work with the jacquard. 

Cards. ^J’hc cards are the most valuable idea 
in the jacquard apparatus. By meansof these the 
work of tying-up is simplified. Making the cords 
IS a mechanical operation. From the desigtier 
the card cutter gels the design, marked on pointed 
paper to correspond with the hooks of tto 
jacquard. On cacii line those squares are marked 
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black, which shows that a warp thread is to be plicity. Into the manifold uses of the jacquard 

lifted. Perforations are cut in the card corre- we cannot enter. At the present day every 

spending to the blaek squares on each line. textile industry utilises the jacquard in- one form 

Automatic machines have now been inventtni or another. Understanding of the machine takes 

which do all but read the design, and cut the us a considerable way tt)wards making intelligent 

perforations with an accuracy the most skilful use of it, whether as weaver or designer, as 

workman could hardly hope to equal. When the managers or workers. Jf the student could always 

cards are cut, they are sewn together by another remember that the jacquard is lit tle more than an 

machine, modellctl on the common sewing aggregation of healds, and think of each neck 

machine. t^ord as a heald cord, he would not he led astray 

The cards are folded togetlier and set on the by the seeming complexity of the contrivance, 
cylinder, a few slips recpiiring to Iw let out for MaKing Cloth. Having examin«'d the main 
the purjr>ose. Considerable variation occurs at parts of the loom, h‘t us try to obtain a clear 

this point, some sheaves of cards being arrangtxl view of its general working in thr weaving- 

so that they merely fall over from one position shed [1761. The shedding of the warp, the 
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to another, while others make a wide ciiele, as crossing of the w'(*ft, and the boating of tlie 

many as twenty cards flying loose like a slack reed i7i tlie slay, are the principal actions of 

belt. This and other minor details signify little the loom, and wt^ can look at tlieni in order, 

to the student. At the moment when the reed comes up against 

Now lot ns see the connection of warp an<l th<^ cloth, the loom is in balance, and ready 

jacquard. Every cord has a small weight at the for another operation. ^J'hc slay swings back, 

end and an eyelet wluu’e the warp passes through. and the parts begin to act. The tappets, or 

To each war thread there is a cord, and we draw the jiUMpiard, shed the warp, opening it till 

the threads through in the same way as hn.s the slay has rejiehod the centre of its stroke, 

been done on the healds. ’Ihe cords })ass through Then the shuttle comes flying thiough. The 

what is called the cumber hoard, and those which warp closes, while the slay comor> foiwvard, and, 

belong to the same hooks — that is, those attacluxl before the shed is shut, drives home the w'eft. 

to warp threads interweaving in one way through- A1 i the other parts move in harmony with these, 

out the pattern — arc joined, and from them single being governed more or less directly by them, 
threads pass up to the hooks of the jacquard. It is in the adjustment of X)art to part that the 
In dealing with this wonderful machine we harmony of the loom is obtained, and a good 

have tried to keep strictly to the side of sira- cloth woven. The shuttle must 1^ directed 
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by pic ker and spindle, so that it will fly straight, remaining stationary. But when gauze is to be 

and the roed must be in direct line with the made the whole doup heald lifts, bringing tjho 

shuttle-box. The adjustment of the warp calls thread it carries to the contrary side of its neigh- 

for the claHcst attention. While the under lialf hour, and forming a crossing which the passage 

of tlio shed should lie* level on the shuttle of tlie weft renders permanent. One diffi- 

race to give the shut tie a free flight, the least ^ eulty in this o|>oratjon has always troubled 

pressure on the nwoAvill alter the balance of [ weavers, and that is the sudden pull of the 

(he tension and cause* slaekucss. Tlu* taking- I doiiphcald ; lifting the threads it carries above 

up niot ion needs to 1)(‘ matched, for the least the ordinar\ tension causes many breaks 

variation in the leviuage filt(‘rs the wliole if not otherwise ])revented. Slaekeners of 

eharaeter of tlu* <“lotli. On looms with various kinds have biHMi invented. The one 

numerous mountings tin* duties of the over- ✓ thing to be demanded from any slackener is 
look<*r and \>(‘.\ver are eonespondmgly in- tl‘*d it should act only with the doup heald 

erejust'd. We have d<‘\eIo}n‘tl tin* loom to a and let ihe slack back when the n«x*d for it 

high degree, and nnvie it H!un)st cutom.die, ff^ 1‘as ceased. In tin* diagram [ 178 ] the whole 

as \\o liav(* S'*! n 111 On* Xoiilnop loom; but | [ ael'on oi tin* war])(W)is .shown. The heald 
human skill and attention can by no means jjj ( O) carrying tin* doup (vS) appears in its proper 

be dispenst d with The weaver is tin* cloth jj| lelation to the slackener heald (E IF). Tlie 

makerstil). Jhoken pn k^, 11. ikes, twists, and rest of the nn*chaiiisrn drawn has already 

other faults may occur in any vieb if the M be<*n des{*ribed. 

\v<‘aver is not careful ; even vvilii On grt*alest g | Linen Loom. The looms used in linen 

care they do occ ur, and must lx* m atly and WW manufacture are almost identical with those 


quickly repaired. To get a line skin on the 177 of the (*otton-weav(‘r. Jn the linen weaving 

cloth is the supreme object of the satin jfEvnn f'hed tliere are plain looms, looms equipped 
weaver; hut tlie vvc'aver of the coarsest jute with the jacquard and dobby fittings, and 

should not he unmindful of the same. A perusal many looms of great weight. ()n«» feature, how- 

of the wages-hook of any weaving f.ietory would evei, is special to the linen loom, and that is 

startle many who lightly think ol t lie weaving the slukening beam. In spite ot eveiy device, 

craft. Some weavers earn an aveiage of 20 *. hiieii remains a Inrd thread, with little eWtieity! 

IKir week, where othi'is, vvoiking under exactly and tin* lack of that (piality makes it difficult to 

equal eondi lions, tail to earn moie than w ork in the pcJwer loom. The defect 

14 s. The driving power, the mat eriaks, E his been greatly minimised by a 

the looms, and the products jire the ^ IMML Nery simpk* expedient. On its way 

^ame ; but the weavers are difTerenb. to the heddk*s,or healds, the 

Gauxe Loom. The peculiar eha- fb— - ^ w’arp is passed over what are 

raeteristio of gauze weaving is that the called carrier bearns. One 

waip threads partially twist round (*aeh of these is lifted byaeamas 

oth.>r, and form a loop ovor the wott. tlio ball.-n driv.-s home tlic 

roohjaml US mobility in the uarp. a welt thread between the 

s^;eiaJ mt-ehanism has Isen devised ^ tlosiiig sited of (he warn 

'*"■ i”"'' ii ' ”f* tlH‘ f.lack of 

heald rmi he doup eoi.sisls of an II ll,e^yarp. When the healda 

ordmarj- h.-,ild. with the additioi. of „jH-n the shed again the 

another half heald, or slip Ihe slip roller sinks into its place, 

may tnther p.ass through (he mail o Tl " letting out the warp to form 

(he ordinary iieakl and over the top ot dj,, ^|w(i * 

"•* Jute and Silk Looms. 

the Cterease,' the -<l l 1 ’'■”1 

slip is held in posit ion / I -1 - — , no speeial features ; 

bythethreadof aaip its size alone murks 

passing through it; ^ il it out from all other 

in the former ease, the heald remains H textile weaving 

in position at all times. The pni pose 0 Tn n/t + • .l 

of the doup is to raise* the warp tlireads M ” -i viHrVw 

80 as to produce a twist. For illus- ! II of looms used as 

treJion, .suppose tiiat we .are work- f I II 

ing strips of alternate gauze and I ' fi >*1 the wry heart of 

plain cloth. Tw'o common healds aie I fiilllyt we find silk woven on 

required, and the warp is drawn 178 .jvi ze tipirns 'ooms with and without 

through them in the usual manner. d-'r-m 'tii. niMUhi, apparatus In the 

The doup heald is placed in front , and WimiiK") great centres of silk manu* 

one thread of each pair crossed under (he other Mfle,.|..<.iinW a j Coventry and 
and passed through‘s the slip of the doup i.' the S’ of all 

^ving plain cloth, the loose slip rises and falls swivel the laPPet, the 

mto harmony with the other healds, to avoid deviee’s irl . “I* ***“ ®***®*' 

the position of the warp threads passed ondt the rtudv ofL 

through It, tile mam part of the doup heald a®y fonn of weaving maohin®. 
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By HERBERT J. 

ARITHMETICAL PROGRESSION 

143. If wo have a series of quantities sueb 
that Uio ditiereiico between any ono of thtun 
and the preceding ono is t in; same throughout 
the series, the (|uaniities are said to be in 
A rithmei iml Prof/rfis.*?/ on. 

Wo shall use the letters A.P. as an abbrevia' 
lion for Arithmetical Progression. 

Exain])les. 

(i.) 1, 4, 7, 10 are in A.P. 

(ii.) 5, II, 1, — 1 are in A.P. 

(iii.) a, a \-d, rt-f 2d are in A.P. 

Tlio ditleronce between each term and the 
preceding term is called the eonnaoa differe,nct\ 
In the tirst of the given series, by subtracting 
any term from tlie term \vhi(;li follows it, >ve 
see that tlio common diflertmce is d ; in the 
second series it is — *2 ; in the third series 
it is d. 

144. Series (iii.) in the last Article represents 
the ijmcnd form of an A.P. The coetlicient 
of d in the diflertoit terms should bo noticed. 
Thus, ill the 2nd t<Tm the coefficient of d is I ; 
in the 3rd term it is 2 ; in the 4th term it is 3, 
so that the coefficient of d in olinn/s le.Hs Joj nnilif 
than the number of the term. Hence, in the 
7*111 term, the coeliicie.iit will be (a - 1), and tlio 
nth term = a 4* (a - J )d. 

Therefore, we can write down oinj term of an 
A.P. when we know the tirst term and the 
common difference. 

Plxamplo. Tim 24tli term of the series wlioso 
first term is 17 ami common diflerence —3, is 
17 4- (24 - 1) ( - 3), or 17 - /.c. , - 52. 

145. When (irnj two terms of an A.P. are 
known, any other term of tht? sei ies can be 
found. 

Example. The Stli term of an A.P. is 25 
and the 21.vt term is 51. Find the 3rd teriii. 

Let a — the 1st term, d — the common ditfer- 
ence. Then, 

the 8th t erm = f/ I- 7d ~ 25, . . (1) 
the 2lsl term — 20d — 51. . . (2) 

Solving the equations (1) and (2) we tiiid 
fl ~ 1 1, d — 2. Hence, 

the 3rd term -- o -b 2d 

1 1 I- 4 —15 Au.v. 

146. If tliree <juantities are in A P., tho 
middle one is called the Arithmetic Mean 
between the other two. 

The arithmetic mean between two given quan- 
tities* a and 6, is easily found. For, if x be the 
required rae^in, a, x, b are in A.P., so that x — a 
and b-^x are each equal to the common differ- 
ence. Hence, 


ALLPORT, M.A. 

from which we oljfaiii 

a 4- b 

j' 

o 

Thus, the (trith)nciic, incoyi if t iro it ies in 

ho If tiu-ir smn. 

147. In a similar way, if ivo have any number 
of quantities in A.P., the inlermediate terms 
are ealh'd aritlimetic means beLwet‘ri tlie tiist 
and last. An example will make clear the 
iimthnd of insoiling any reijuired number of 
means between two given (piantilies. 

Example. * nsei t 4 arithnul io means between 
7 and — H. 

Having inseited 4 means beLwecui 7 and —8, 
we shall then have si c terms in A. E^ We have, 
therefore, to find tlie common difreicnce of a 
scries in which the 0th term is -8 and the 
Lst term is 7. 

Let d be the common difference. Then, 

-8-: 7’h 5d I Art. 144] ; 

f he ref ore, 

d^ -3. 

The series is therefore 7, 4, I, —2, —5, —8. 

148. To find the sum <f on\f numher of terms 
if on -rl.P. 

Let a — tho first term, d — the common 
diflerence, and I ~~ iha last term. Clearly thes 
term before tho last will bo (l-d), and the next 
[U’eceding ono will be (I — 2d). iSupp«.>se we are 
required to find tlu‘ sum n terms. We 
cannot write down ecertj teim of the series, 
since we do not know the actual values of o, r/, 
and n : but writing a few of tlio terms at each 
end <)f tho series wo have, if s bo the reipiired 
sum, 

' a 4“ {a 4* d) 4" (o -|- 2d) -h ... -{- (/ — 2d) 4- (f- — d) 4* 
Writing the si;ries in reverse, order we get 
s -1- (i - d) -t- (/ - 2d) H- . . . 4- (u 4- 2d) (/t 4- d) 4- a. 

Hence, adtling corresponding terms, 

2.S' (o 4- /-) -1 ((t i l)-\-(a -f 1) ...to n tcruivS, 

— n ((t -h 1). 

Tlierefore, 

+ 0 ( 1 ) 

Now, 

a-\-l a 4- o f (a • l)d [Ait. 144], 

-- 2a 4- (a — l)d. 

Hence, 

«=-. .’‘-{2<t+ (2) 

A 

Of these two formulae (2) is perhaps more 
useful than (1), ])ut both should bo remembered. 

Example 1. Sum the series 1, 3, 5, 7, 9 ... to 
20 teriiiH. 
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Here a = I, - 2, 20. 

Therefort*, 

! (19x2)} 


= 10x4')=-- 4IK> 

Kxainplc* 2. Iloiv many terms of the scries 
28, 24, 20 ... must be taken in order that their 
sum may i)o 88 ^ 

Let n be tlie reijuired numlier of terms. The 
common dittV*rence of the serie.s is 


24 - 28 - 4. 

Hence, usiiiL; formula (2) of tln^ piesent article, 

we have 


88=-" <.-,«-4(,i-l)J, 

or, on siniplilicahoii, 

ir — ITi/t -p 44 = O. 

The solid imi of this equation ijives 
a -- 4 or H --- 11. 

Hence, the sum of 4 terms or of 11 l(‘rms will 
be 88. 

Notk. Where I nut values of n satisfy the 
question, tin; sum of the extia terms in the 
secmid ease is zero. 'Pliis is easily seen by 
writin.LC ilown 1 1 li'vms of the j^ivi'n series, vr:., 
28, 24^ 20, It), 12, 8, 4, 0, -4, ~8, -~12. Kvi- 
dently the sum of the last/ 7 iorms is zero, so 
that the sum of 4 terms is the same as tin* sum 
4)f 4 -h 7, or 11 terjus. 

GEOMETRICAL PROGRESSION 

149. A series of quantities is in (rVoaic/nVu? 
]*i‘u(prssi(»i when the ratio of any tmin to the 
jireooding term is the same throughout tlie 
series. This ratio is called the cvntmon ratio 
of the sei ies. 

Kxainples. 

(i.) 2, 4, 8, Jt) ... is a tl.l*. whose eomnioii 
ratio is 2. 

V " *1’ i-S -.J, 'O'-'*. wli<«« 

common ratio is — 

2 

(iii.) u, ar, ar-, ur‘...is a (1.1’. wliose com- 
mon ratio is r. 

150. In the series whose 1st term is a and 

emumon ratio r, the 2nd term is «/■, Ibe .‘kd term 
is ar'^, the 4tli term is ar\ ami so on, t/ic itah'X 
of r alinitfs hebe/ b'.s.s btf anity thtui thf auadnu’ 
of the frnn. Tims, the ytoirnd iertn, or nth 
term, of the scries is Hence we can 

write down any term of a (l.P. when we know 
the tirst term and the eommon ratio, 

161. When any tu'o terms of a (l.P. are known, 
the. series itself is easily found. 

li>xam])le. Find the 2nd term of a (l.P. 
whoso 4th term is —2 and wdiG.-^e 7th term 


Let a be the 1st term and r the common ratio 
of the series. Then (.\i t. 160) the 4th term is 
ar'J and the 7th term is ar^. 

Hence, 

= . . . (i), 

Altil . '«»*= -t . . . . (ii). 

3IM4 


Dividinj< the second equation by the first we 
have /•’ — - arid therefore r =ss - Substb 

tiJtiiij; in (i) we get a = 16. Hence, the required 
2nd term 


= ar 

= 18 X (- J) =-**• 

152. When three (luanlities arc in G.P. the 
middle one is called the yeonirtiic mean between 
t he other two. 

Siip[M)se o, 6, c. are in (1. P. Then, 

6’ 

sim ii each of these ratios is the common ratio 
of the smies. 

M’herefore, Ir — at\ 

or b — \Uic. 

Hence, /he tfeoiiodric mean hetircen tivi> fftiaii- 
titles is the sqitate root tf their product. 

153. When any number of terms are in (T.1^ 
tbc intermediate terms ar(^ called (leomefrie vteans 
between tin* tirst and la.st terms. 

Kxampli!. Insm t o g(‘ometric nioan.s betw^een 
(» and qt). We have ben* to tind the series of 
.b terms (eoiisisling of 6, tUl, and the three 
means), of w'hii;li the Jst term is 6, and the 
bth bb. 

Let /• be t he common latio. T]ii‘n, since the 
.5th U‘vm of the gen(‘ial series is ar\ we have 
JXi. 

4’herefore, r* — 16 ; 

tlierefore, r --+2. 

Tlie SCI ies is tluTefoiv 6, ±12, 24, ±48, 06, 
and the recpiired means arti ± 12, 24, ±48. 

164. Sum of n Terms of a G.P. 

Let a be the 1st term, r the common ratio. 
Then the nth tmni is m'* *, the (w-J)th term 
is ar'* '^^ ainl so on. Hence, if ,s be the required 
Slim, w’i‘ have 

.S ' a \- ar V ur- -f- ... -i- 

Multiply both sides of this eipiation by r, 
putting the terms of tlie riglit-hand side one 
])Iace to the right, 'riien, 

rs ^ itr 4- ar^ -b . . . 4- ar'^~^ 4- 4~ ar*^. 

Subtract eorresponding sides of the two eijua- 
tions. 

Tlierefore, s ( t - r) — a- ar*' ; 

tlicndore, s— — ~ L J. 

1 — r 

Kxamplo. Sum th e seri es 1, 8, 0 ... to 6 terms. 

In this case a — 1, r~ 8, n. — 6. 

Therefore, 


«= 1-:^'*^ 8»5- 1 ^ 728 
1-8 " 2 ' 2 


864. ,(4n,s. 


156. Sum of an Infinite Number of 
Terms of a G.P. When the common ratio 
of a G.l . is less than unity, there is a limit to 
the value of the sum of its terms ; that is, we . 
cannot make the sum as great as we please by 
taking a very large number of terms. For 
^xample, suppose we have a lino 3 in. long. 
First take away half the line, then take away 
Jmlf the remainder, then luilf of the new 
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remi^inder, and so on. The lengths of the parts 
3 3 3 3 

taken away will bo — , - - , . etc. Now, 

^ 4 o 1 () 


the sum of tho parts taken away can evidently 
never ho greater than 3 in. ; also, since the 
remainder diminishes indefinitely as the number 
of }jarts taken away is indefinitely increased, 
the sum of tho parts lakeii away can he ma<le 
to differ from 3 in. by an indefinitely small 
length. Hence, the sum of an infinite numi)er 
of teims (or, the sum to in/inittf) of the series 

^ is 3 

2> T' 


The formula for the sum to infinity is deduced 
from. that of Art. 154. 

_ a (1 - r") 

^ 1-r 


_ a ^ (7r’‘ 

1 - r 1 - r 

Now, when r is less than unity, numeiieally 
(whether it be -f- <->r — ), the numerical value 
of j'* decreases as u is made larger, and can 
be made a.s siiiall as wo please by sutticiently 
increasing the value of u. Hence, s can he 

made to ditier from small a r^uanlity 

as we please. 

Tho sum of an infinite number of tonus of tlie 
series n, or, ar’ ... is therefore 

1 - r 

It must bo particularly noted that the “sum 
to infiiiiiy ” can only be found in cases wbero 
r is Ic'is than unity. 


HARMONICAL PROGRESSION 

156. A series of quantiti(;s is in llu rniontcal 
Pro(jressio}i if, when any three consecutive terms 
are chosen, the diflbrenco bctw'oen tln^ first an<l 
second is to the difference hctweoii the second 
and third as tho first is to tho third. 

Thus, a, 5, c, cZ ... are in If.P. if 
a^b I h-<- a I c. 
b — c]c — d'.\b'. d, 

and so on, for ovciy throe ooiisooutivi; lorins. 

157. A more easily remembore<l definit ion i.s 
tlie following : Quanlities are said io he in 11.]*. 
when their recipronds (ire in A. I*. This relation 
is ea.sily deduced from the delinition of the last 
article. For, if a, 6, c are in H.P., we have 


(i — b. 

a 


h‘-c 

c 


Therefore, ac-bc — 

ab — 

ac. 

Divide both sides by abc. 

Then, 

11^ 

1 _ 

1 

b a 

c 

b^ 

which s1k)Wh that A. 

1 

A- are in Arith- 

a 

b * 

c 

metical Progression. 




168. When three quantities are in H.P., the 
middle one is the h trnuniic mean between tho 
other two. 

If a, 6, r, are in H.P. , we have ]>roved that 

-i , f-, are in A.P., and theiadore, 

a b c 

o 1 I 

J-+ i. [Art. 146J. 
b a r 

J I cnee, h ' . 

a + c 

159.* The tjetnuelrie. af tout (ftnnd it ies is 

the (jeomefne mean lehrft'n their nrithnirl i.: me(tn 
aiat their ha rmonie metm . 

hot a, Z^, he the two (juaiUities, ami A, (1, H, 
their arithmetic, gconictric, and iiarmoni<; means, 
le.sjieetively. 

Then, A-r + [Alt. 146 J, 


(1 K(d) [Art. 152], 
'>af) 


H 


t here fore. 


a + /j 


[Alt. 1581; 


A X If X - ab = 0^ 

2 n-\-b ’ 

(J - vC\h: 


so that G is the geometric mean between 
A and H. 

160. No general formula oau be found for 
obtaining the sum of a number oi terms in 

HP. 

Many tpiestions in H. l^. are .s(»lved by con- 
sidering the corresponding pioblem in A.P. 

Fxample. lii'-ert 3 harmonic mean.s betw'eeu 
1 and 3. 

\\a insert 3 arithmetic means between 1 and 


Their rtauprecals will be the required 
harmonic means. 

As in Art. 147, we find the aiithmetic 
5 2 1 

means are , “, . lii nco, the required 


haiiiiniiic means are 


(> 


2 


EXAMPLES 34 

1. The 3rd term of an A.P. is 72 and the 
8th term is 37. h^iiul the 1st term. 

2 Insert' 4 arithmetic means bidween 2 and 

17. 

3. The sum of the 1st ami 2nd terms of a 
G.P. is 10, and the sum of the 3rd ami 4th 
terms is KU). Find the otii term. 

4 Sum the following series : 


('•) 

3^ O r IM- . 

..to 15 terms. 

(ii.) 

0 -p 51 5 b 

... to 20 terms. 

(iii.) 

I A-i 

:i 4 2 

-1 ... to 5 terms. 

(iv.) 

1 -b — -b - 

o 

-r ... to infinity. 


Continued 
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of course, everything depends upon the trust- 
worthdnesa of the percentage of gross profit, 
and if any other means are available the result 
should be tested by them. Caro must be taken 
to ascertain if there are any outstanding liabilU 
tiea not recorded in the books, in respect of 
rent, rates, wages, or other expenses, as these 
may materially affect tlui result. Having tala n 
the above stei)s, a profit and loss account end 
balance-sheet can be prepared in the usual form. 

Conversion to Double Entry. The 
trader, after the trouble, he will liave exp<‘ri- 
enced in obtaining these results, will probably 
desire to revise his methods of keeping his 
accounts in the future. If so, the first steps to 
be taken will be to bring into use purch.as<*s 
and sales books for the recording of all goods 
bought and sold on credit. Tlu^ periodical 
posting of these books and the cash book into 
the ledger, togtdher with the op('uing of a goods 
account .and the viirious nominal accounts, 
w'ill make his books capehle of proof, and the 
results of accounts sliovving his trading opera- 
tions thoroughly reliable. 

If ho doci<le to Uee^) his books on double- 
entry principles in future, all tliat need be done 
to record in his books the position shown in 
the balance-sheet is to open ledgc'r accounts 
for his stock, for his capital, and for the creditors 
if there are not accounts for them already. 
Tills liaving been done and the purchases and 
sales books brought into operation, the record 
of his tr«.ris{ietion.s will proceed upon ordinary 
double-entry linos. 

Hire « purchase Accounts. Many 
businesses are now conducted upon the instal- 
ment plan —i.t., they sell their goods upon the 
i(*rms that they may be paid for by the pur- 
chasers gradujilly by periodical payments. 
When this is the ea.s<', tJie price at which the 
goods are sold is naturally liigher than that at 
which tliey would have bo('n sold for cash. This 
inorc.ased price is duo to the fact tliat the seller 
does not reocuve tlic purchase price at once, 
but only a small portion of it, and he, therefore, 
charges interest on the xiart unpaid. It is this 
factor of interest that o<M!asions the necessity 
of keeping flu? accounts of such businesses— - 
kno>\^n as hire-pnrclinse arrounts — on spc'cicd 
lines. 

Formal agreements are entered into wlien 
sales of this nature take place, and for the 
protection of the seller they generally treat the 
Jj^^ctioii as one for the hire of the goods, 
are to be m.ado over to the hirer at the 
end of a stated period (provided t he instalments 
are regularly paid), either without further pay- 
ment or upon payment of a trifling amount. 
But, although tno agreements usually treat the 
transaction as one of hire, it w^ould not be correct 
for the seller to treat tlie periodical payments 
he receives *as income which he is entitled to 
take to credit in full in his profit and loss account 
and yet at the same time treat the goods as his 
nroperty, although in the hands of another. 
|te most deal with the matter on the basis of a 
Mfe; But he must not take credit for the full 
eharged to the purehaier, since that 


price includes interest which is only accruing duo 
over a more or less lengthened period. 

Manufacturer's BooKs. Business is 
conducted on these lines in connection with 
railwa,y waggons, house furniture, pianofortes, 
cycles, etc., all over the kingdom, and it was 
prineip‘?.lly in relrXion to rt>.ilw"ay w^aggons tlu‘.t 
accounts were first specially designed to meet 
the facts of this particular class of transaction. 
T<» take the cc.se of tlu' manufacturer first, it 
will be necessary for him to have his sales 
book ruled with two money columns— one for 
principal, the other for intiTcst. When a sale 
is made on the hirc-purc hiJ.se systtMU the manu- 
facturer knows how much of the tot ’.I price is 
for intert'st, and he enters the amounts in the 
two eoluniiLs a(*coi (lingly. The total yirict^ will bo 
debited to the customer, the sales account 
will b‘' er‘editcd with the. amount of the principal 
or (vish priv^(‘, .and the interest account wdth the 
balance. 

The sold h'dger will be ruhsl with two columns 
on each side — one for principal, the other for 
interest. A note will bti made at the head of e«ach 
eu.st/omer’s account a.s to tlie manner in which 
the ijrioo is t o be paid. The debit to the emstomer 
will be divided into principsd and interest, and 
the two amounts entered in the ap])r()priate 
columns. As he pays tho instalments cash will 
he debited and he will be credited with the full 
amount, tho prox)(>rtion attributable to principal 
l)eing enteri'd in the principal column and that 
to interest in the other columii. The earlier 
instalments will, of courst*, include- a greater 
proportion of interest tlian tho later, owing to 
there being a large amount of principal out- 
standing upon wdiieh interest has to be charged. 

VV'h(‘n the mamifaeturer is making up his 
accounts at the close of a trading period, ho 
must not take credit for 11 h> full amount of 
interest whieJi has, during the period, been 
credited to the interest account, as sales were 
effected. Altlu)ugh inten*st has been charged 
to the hirers or purchasers it lias not .all been 
earned, and a rebate', or allowance, must therefore 
made in respect of interest charged on the 
various purclu’.scrs’ accounts, but which has not 
yet .accrued due. 

He should also make provision for the fact 
that if some of the goods wtu’e returned by the 
purcha.sers they would probably not be worth 
the amount at w hich they stand to tlie debit of 
the various customers’ .ac(jounts. In some biisi- 
nesses this might not be so after .a few' payments 
had been -matle, but the m:Miufacturer must, 
after taking all the circumstances into considera- 
tion, make such allowance p.s is in his opinion 
sufficient under this licad. In order that the 
student may follow' the working of this system 
tho specimen of a customer’s account in a 
manufacturer’s ledger is given on the next page. 

Hirer's Books. The mp.tter has now to 
bo considered from the view of the hirer or pur- 
chaser. When the agreement is entered into 
ho does not credit the manufacturer with the full 
amount of the purchase price, as the latter 
becomes a creditor only when the instalments 
fall due. The. method adopted, therefore, is to 

* 3917 
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Agnsemeut No. 1 ,H 53 . 

Dr, 


1 I 

Jail. 1 I To Salos Account 


W. BROWN 


I ritercHt. i Principal. 

0 0 


1 »()«. j 

July 1 ; To J^a.Ianc( 


10O«. 

Jan. 1 By CaJi 


il.s n 0 |J »0 o O 
,il 4 ;{ 0 I 75 17 0 


36 Monthly Payments of £ 3 , 
Cr. 


fiitcrest. Principal. 
0 15 0 2 5 0 

0 14 2 2 o 10 

0 i:i 4 2 6 8 

0 12 f) 2 7 7 

0 116 2 8 6 

0 10 7 2 9 5 

14 3 0 75 17 0 

£ 1 S 0 0 I 90 0 0 


debit an account opened for the urtieh' pinchasod 
— waggons, furniture, or as the easi^ may be, with 
each instalment as it becomes dms and credit 
the manufaetiirtM’. VVlieii tlie instalment is 
paifl tlie manufaetun^r is didiited and cash 
credited. The result is that, provided the in- 
stalments are paid promptly, there is no balarie(? 
i>n the manufacturer's ac(*oimt, as tlnwredit oi 
the. instalment is immedia.t(‘ly extinguishetl by 
the debit of ea'^h. As the price ol tht^ goods, as 
we have seim, includes a considerable sum 
for interest, care must be takcsi to ( iisure that, 
the articles piirchasi'd c.n' included in the annual 
balanecvslieet at nut. mure tlian tluar actual 
valu(‘. 'Phis value will b(* tin* iiortiou of thci 
price whicli has betm paid in resjiect of tin* 
principal amount (lu(‘, irresp(‘ctive of interest. 

The purelias(‘r must ascertain how much of tlie 

f riee payalile uud<‘r th<^ agreement is for int(‘rest. 

[e I'.'ai generally obtain the information from 
the manufacturer, or can arrive at it by tinding out 
the- cash })rie(‘ as compared with that, whieli he is 
paying. Pxo diffenmee will, of ( inirst*. be intiTcst., 
of which, as already stated, tie* larger propor- 
tion w'ill fall against thi^ earlier yiairs. At 
balancing -time an arljustmeiit must be mad(^ 
by debiting the interest apportionabh* to the 
year to the profit and loss a samnl and credit ing 
the account of the articles purchased, wliieh 
will thus stand at their easli price in the books. 

Depreciation. In addition, provision must 
be made for the di'pria iat ion of thi^ articles, and 
the allowance calculated, not upon the portion 
of the price actually paid, but upon the full cash 
price. This depreciation is jiut through the 
hooks in the ordinary way by debiting depre- 
ciation account and crediting the asset account 
with the amount writb'n olf. The net result 
of these entricvS will be that the asset will stand 
in tlio books at the end of the ])eriod over 
which the payments liave been spread at its 
actual vaiu(? to its owner. 

This method of dealing with articles bouglit 
on the hiro-purchas(^ system is obviously only 
necessary in the ease of a trader w'ho has made 
a purchase of considerable value by these, means. 
The ordinary man who has bought a cycle or 
pianoforte by instalments doe.s n<it keep an 
account at all, but it is of the utmost importance 
in the case of an hotel-keeper who has purchased 
a large quantity of furniture on the system, or a 
coUieiy proprietor who lias bouglit a number of 
waggons. I Unless both these individuals take 
8i6])6 to show the articles they have purchased 
3918 


at their cash value only they will be overstating 
tludr profits, since tlu'y w’ill not V.io deViiting the 
fudtit and lo.ss account with the int(‘rest on what 
is ill oiret't borrowed money for the purchase of 
the articles. 

ROYALTIES 

A rotjaltn is an amount paid by a person for 
the rigiit to use the pro]jerly of another. Thus 
the. lcsse(M)f a min•^ pays a royalty l.o tlu^ owners 
of the land on which the mim*, is siiualcd ; a 
theatrical manager pays a royalty to a dramatic 
author for tie* right to jiroduco his ])lay ; a 
manufacturer to a ])atcTitee for the right to use 
his patent, and so on. 'Flu^ amount paid in 
ri^speet of f lic royalty dep(*nds upon the extent 
of the use whieli is (uijoyed by the lessee or 
concessionaire in each case. A rate is usually 
fix<‘d per unit. In the ease of a colliery it is 
eithc‘r upon tin* tonnages output or the supeiTicial 
or eubie anui worked. In the ease of a ])ati‘nt it 
will de]H‘nd upon the number of artaclos jirodueed, 
in the manufa.cture of wliieh the patent has bet'ii 
us(‘d ; and in the case of a play, it depends upon 
the nuinbiT of pia formaiiees. 

It will be s(‘(*n, therofori', that the amount paid 
in respc'ct of a royalty is as much an o.xpense of 
the particular busiiK'ss ])aying it as the rent, 
salaries, and other Avorking expenses. It must 
he treated in the same w^ay as the other expiuisivs 
aiul debited to the profit and loss aceoiint. 
As the amount depends upon the extent of the 
user, a careful record must bo kept, which must 
he available for inspection by the owner of the 
property, showing the output or production as 
the case may be, d^h(‘. form wliieh the record 
will take must depend upon the nature of the 
property for the use of wliieh the royalty is 
jiaid. In the case of a colliery, if the royalty 
is upon tonnage, the amount recorded in the pit 
hooks and agreed by the workmen’s chock 
weigher will he aeeeptcd by the landlord ; while 
if it. is upon area,, it will be iixed by survey. 
In most eases, when once tlie amount payable 
has lioeri agreed, the entries to be made in the 
books of the business having the use of the 
property are simply a debit to the profit and 
loss account* under the head of royalties, and a 
credit to th(? owner. When he is paid ho is 
debited and cadi credited, and this will close the 
matter until the next periodical payment be- 
comes due. 

Mining Royalties. But in the case of a 
colliery a slight complioation frequently arises. 
Ihe form wdiioh the concession usually takes is 
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a leaiie o£ the land for the purpoHe of working the 
mining rights subject to the payment of a mini- 
mum annual sum. An amount of royalty is also 
fixed, which we will assume is payable upon tho 
amount x>f coal raised. The hxed minimum is 
usually known as dead rent. If it exceeds the 
royalty upon the coal raised in a particular year, 
then nothing beyond the dead r<*nt is payable ; 
but if, on tho contrary, the royalty exceeds the 
dead rent, the latter becomes merged in the 
royalty and only the royally on the tonnage is 
paid. 

Redeemable Dead Rents. There is 
often a further provision in tho lease that 
payments of dead rents in excess of royalties 
may be recovered by deduction from future 
royalties when these exceed the dead rent in a 
particular year. But tlie optTation of this right 
is usually limited as to the time w'itliiii which it 
may bo exorcised. Tlie time limit is frequently 
five years. Thus, unlt^ss by the end of tlie fifth 
year the royalties exceed tho dead nmts, any 
exetiss dead rent on the first year will iKXJonu? 
irrecoverable, while if that state of things con- 
tinued for another year, the excess on the second 
year would he lost to the lea.see. So long as the 
right of recovery exists, the excess of dead rent 
paid is carried forward as an asst>t, the only 
charge to the profit and loss account in respect of 
the sum payable under the h^ase being fhe 
royalty on tlie coal actually raisial. But so soon 
as the period has gone by wifhin which it could 
have been deducUHl from ('xcess royalties, it 
must bo witU'n off to profit and loss. 

The working of the following example will show 


the student how the redeemable dead rent and 
the royalty accounts arc dealt with in the books 
of the person working the colliery : A lease of a 
colliery is granted at a minimum dead rent of 
£600 per annum, merging into a royalty of Is. 
per ton, with a right to rccov<*r dead rents out of 
royalties paid within Uve years. The quantity of 
coal raised was 800 tons the lii'st year, 4,000 tons 
the second year, and 75,000 tons the third year. 

It will be observi^d that the amount receivt‘d 
by the landloi’d for I lie flirt'O years — viz.^ £4,0*20 
— is the amount of the royalty on aetual output. 

Investigation and Audit. Our method 
in dealing with tho subject has necessarily 
been to dcscrilx^ the process of recording 
transactions of dilTerent kinds in tlie books of an 
undertaking. The organisation of jvccounts on 
such a basis as to facilitatii tlie keeping of tlie 
tinancial records of tlie business, and to give the 
proprietor of tlie concern tho information ho 
requires in the best possible \vay, is an important 
branch of the ae(;ountant's profession, but one 
not less so is that dealing with the investigation 
of accounts, including their audit. The busineirs 
man is well advised who leaves investigation and 
audit to a skilled accountant, for no man who 
has not IxNm s]>ceially trained to tho work can 
be regarded as a reliable investigator and auditor 
of accounts. There are two societies of pro- 
fessional accountants in England and Wales — 
rt 2 ., the Institute of Chartered Accountants, 
which contines its operations to the countries 
iijuned, ami the Society of Accountants and 
Audit-ors, wliich has branches in other parts of 
the world. The members of tho former body 
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Dec. 31 

To LandU»rd . . . 
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0 

Doe. 31 
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ooo 

0 

0 


,, Balane<‘ e/tl. . . j 
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£930 


T 
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1903. 
D.ie. 31 

1904. 
Doc. 31 

1905. 
Dec. 31 

To Dead Rent 

A/e. . . 

40 

0 

0 

1 903. 
Doe. 31 

1904. 

, Dee. 31 

1 1905. 

1 Dec. 31 

By PnOit 

and 

Loss 

! 

A’e. 1 

! 

40 

0 

0 

„ Dead Itent 

A/o. . . 

230 

0 

0 

,, profit 

and 

IjO.ss 

A,c. 

230 

0 

0 

,, Landlord 


£3,750 

0 

Ti 

i ., Profit 

and 

Lo.s.s 

A 'c. ■ 

£3.750 

0 

0 







1 

i 






ZI 


LANDLORD 



To Cash . . 

„ Cash . . 

„ Dead Rent Recover- 
able 

„ Cash . . 

COO U 0 

1 903. 

Dee. 31 By Dead Rent . . . . COO 0 0 

600 0 0 

Dae. iu „ Doad Rent . . .. . COO 0 0 

1 905 * rti- - nm-i 

930 0 0 

2,820 0 0 

Dec. 31 „ Royalty on 75,000 

; tons .. : 3,750 0 0 

i i 

£3,750 0 0 

j i £3,760 0 0 



1 1 ' ! 
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aro known as chartered accountants, those of the 
latter as incorporated accountants. The char- 
tered institute dates from 1880, the incorporated 
society from 1885, and both have large member- 
ships. It will be seen from the dates mentioned 
that, as compared with mt^dicim* and the law, the 
organisation of the profi'ssiori of accountancy is 
comparatively \oiing ; .but it should bo men- 
tioned that. soc?i<*ties of ewrlier foundation were 
incTgod in the institute on its formation, and, of 
<'ours<*, th(^ ]>ractic(i of accounting in a more or 
less primitive state dat<*s back to the early ages. 
Ther(^ an^ accountants' so(;u‘.ti(‘S in Sc(»tland 
and Ireland, tlu^ former btung older than the 
English bodies. 

Professional Accountants. 'I’he con- 
ditions for admission to membershi]) of tlu^ 
various societies are ])i-af*ti^‘ally the same, the 
principle rule being that intending meni]>ers must 
serve live years’ articles of apprenticc'ship to a 
jrractising nuunber. During the jreriod under' 
artirdes the wonid-be ae<*ounl .Mit is learning bis 
business in its various as^x'Cits, a eonsiderabt* 
])ort,i()n of his lime in tiu; (‘arlier years Iwing 
oceupiral in acting as junior clerk on aurlits. In 
the later years he is, naturally, doing more* 
iinpoi’t.'Mit work, and gradually acquiring a 
knowledge' of the dilfiTent bi’anclu's of his ])ro- 
fession. He is T‘('quir(‘<l to ])asH a preliniinary 
examiiiJition beforer admission Irr articles, and 
during Uis servi<ie lie has to pass an int (‘rmediatc 
('xamination. At tlu^ expirat ion of his articles he 
pr’csents himself for his final ('xc-mi nation, and 
if he salisties the examiners is admitted to full 
membership of his sociotv. 'Hie subjects of 
I'xaminalion ar<*, of course, those of whj<*h a 
knowledge is required by llu* accountant in 
his profession, 'rhey are set out in full on 
pages 148 and 141). 

The proper training and exaniination of a 
body of men ea]>able of investigating the financial 
books of a <*oncern, with a view to ascertaining 
the aecui'a<\v or otherwise of tlie records in them, 
is a iwrk of ininu'iise veJm^ to tlu* eomnrereial 
eommnnity gemrrally. liaving regard to the 
<l<‘{)endence which lias to bt^ jrlacod upon sm^h 
records. 

Merchants and others are not slow to avail 
Ihemsc'lvt's of the opportunity afforded tJu'm 
of checking the work of their employees by 
moans of the audit of their accounts conducted 
by a professional accountant. 

The class of work rrpon which incorporated 
and chartered accountants are largely employed 
is the audit of the accounts of privatt^ conc«*rns 
and limited companies. 'Fhc reason of the non- 
diseoveiy of many of the frauds which have 
been exjrosed of recent years, particularly in 
connection witli the aci'ouuts of Friendly Societies, 
has been the failure to employ professional men 
as auditors. Radiance has, instead, been placed 
upon the well-memt but quite incompetent 


examination of the ivccounts conducted by men 
who, in some cases, wore quite ignorant of tiie 
first principles of bookkeeping. This condition of 
things still exists to a large extent, although 
matters aro improving. 

From what has been said, it will be apparent 
tliat, although cert ain principles and rules might 
bt; laid down in connection with the investiga- 
tion of accounts for the guidance of the ordinary 
business man who wishes to know that his book- 
kc^eping arrauge'.ments are satisfactory, or for the 
young clerk who desires to be more than a 
recording machine, it is not possible to give in the 
shape of an article the knowledge that is required 
to make^ the practical auditor and complete 
acununtant. Sonmthing can be done in that 
din'ciiori, but the only satisfactory course for 
the beginner is to i*ritt*r the ofliee of a charterc^cl 
or iiicorporat(*d aect^untant, and go through the 
whole routine neec^ssary to fully qualify himself ; 
w’bih^ for the business man engaged in his own 
affairs all the year round tlio only safe course is 
to <‘mploy a ])roperly qu.ilified accountant to 
H.ifegiiar(l his interests by auditing his books 
periodically. 

Work of a Professional Accountant. 

Prof<*s.sional account ants, in addition to their 
work as jinditors, {j-n* larg(*lv engaged in ex- 
amining ifito sufl n'porting u])on the accounts 
of businesses which it is pri)])oscd to con- 
vert into limit (‘d companies. This function, 
to whi(‘Ji r('fcren('(5 wa< made in tlu^ article on 
company work, is of the utmost importance, as 
th(‘ public probjvbly ]>lac(' more relianc^e upon the 
certificati^ of the a(;countant as to the past 
w'orkirig of the concern than upon any otJier 
stateiiK'ni in a })r<)S]>eetus. 'I’iuy aro further 
extensively einj)loyed as trustees in bank- 
ruptcies and under deeds of arrangement, as 
liquidators in the winding up of companies, and 
as recieivers of proi)ert.ies on behalf of mortgagees 
and dolx'nture holders. In any of tlu'se cajjatri- 
ties they may bo required to carry on a business 
for a more of less extended period, or their 
duties may bo confined to the realisation of the 
property to the best advantage, and the dis- 
tribution of the proceeds amongst the persons 
<‘11 til led. 

From this brief summary of some of the 
mor<‘ important duties of the professional 
jw'countant the nwlcr will see that a training 
in the ofliee of an incorporated or a chartered 
accountant with a varied pnietice atfords a 
splendid op]>ortunity of becoming familiar with 
the working gl all kinds of businesses. This fact 
is of eonsiderablc value, for many young ac- 
countants, after, serving their articles, seek 
positions as secretaries, managers and accoun- 
tants of important companies and pubiio 
bodies, and their prospects of success are greatly 
enhanced if they hold the diploma of one of the 
recognised societies. 


Clerkship concluded 
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FORMS OF GEARING 

DRAWING 

Raw-hide Gears. Mortise Teeth, Helical Gears. Internal Gears, 
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Racks, Bevels and Mitres. Screw Gears, Worms and Worm Wheels 

( (Mil Inuotl from 


imiC.' aiVJi) 


By JOSEPH W. HORNER 


R.aw»hide Gears. Pinions which run ;it theory of construction is ]»ase(l upon an almost 
high speeds, such as those on electric motor obsoh‘te form of gtar ternu'd .•stepped (jvavy 

spindles, are freijnently made of raw hide. where the width of the u'cth is divided 

Discs of ox hid<' are cemented togetlier in layers into a niim))er of ecpial parts and eaeli part is 

under pressure in order to form tlie rougli moved slightly in advance of its f(*llow. 'i'he 

blatik, wliich is then machined all over to Iiriish4‘d merging of these steps into a straiglit line gives 

si 7 .es ; side j>lates — usually of gun metal- arc; a lielical curve to tlie tooth; it is necessary 

fitted as shown in section 104, and th<^ te<‘th to make it riglit ami left, or doiddv hdical, 

are cut through the Jiide and through the metal as it is tesnned, in order to avthd end thrust on 

plates. Soriietimes om* of the side plates lias the shafts. These gears an* usually cast, hut can 

cast with it a hush, which passt's through the he mat'hine-cut. They n.re us(‘d largely for rolling- 

pinion find forms a strong(‘r driving medium mill imgines where reversal under load occurs, 

for the key tluin cn.n he atTorded hy the hide The usujil angle for thi*. teeth is liO deg. measured 

and plates alone. VVlu'els hfivc been made of from a horizontal line parallel with the shaft, 
raw hide up to ft. diameter, the rim being of Internal Gears. These gears are made 
hide and the arms and boss of ejist- iron. Such by forming the teeth upon the inside f)f the whet*! 

w'lieels are, however, unusual, it being the more rim as indicated in 110. Thci princijile of t(K)th 

eomnion practice to make pinions formation is tlm same as for outside 

only of liide and the wIuh'Is with ^ . js*l teeth, but the spaces become the teeth 

whi( h they gear of met ill. Tlie oh- L_. . i —namely, the tooth curve is reversed; 

jeet in using raw^ hide is to ensure L odontograph can be used f<>r 

noiseless running. T 1 . teeth, but tlu* face curve is 

Mortise Teeth. .Another and . L marked from the flank data on the 

an older device to ensure a puiet instrument, while the flank curve is 

running gear is to make the w Ium'I (Ji | i marked from the face data. If involuU> 

tectli of wood; such teetli fire — t- ^ teeth be st rue k, then the curve hecoines 

t<u*med CfKjfit made sc])arately I, S - ► \ ^ ^ (‘oncave insti'ad of convex. When the 

by hand labour, and an* litt(‘d into ^ ratio of \vh(‘cl and pinion becomes very 

slots east in the wheel rim. Pig. 105 *)' y '” ‘ ' V [1 small, difliculties are (‘ucountered by 

shows a good method of securing J i ^ n'jison of the ti‘4‘th fouling «*aeh other, 

the teeth as well as the proportion 1 t,. ... .S'* Xoimuilly, there should he at least 

for tooth and wJieel rim ; tin* figures ^ /v (btTerciice of 15 teeth helwcen 

given are to be multiplied by the wlu‘cl and pinion. Internal gears 

circular pitcli in order to obtain * aii* used on lathe headstocks, ro- 

aetual dimensions. Mortise wheels y^np d(« volving g(*avs on cranes, and so 

are used in flour mills, cotton mills, forth, or in cases in which Vioth 


<dc. The cogs ari’i mad«* of w'«'l 
seasoned 


104, K.wv-nroM rixniN 


oak, acacia, 
hornbeam, 
or apple - 
tree, and 
the grain 
must run in 
’•'Hwi.r adial 


Ml:;-; , 







lOO. Woilj; 


IKradial ms. iwu mo. wod 

sense as shown in tlu' illustration 

[106], Instead of holding the A] 

teeth by mc^ans of pirvs, wooden 

wedges, as 106, or sii^cl plates, t >. \ ^ ’ ' o ; | o • / 

as 107, may bo used, and \ j ; / / 

pins are used wdiero the arms I ' 

occur, as in 108. This class 'jiiij \ \ \ f 

of gear is expensive, and is j • . 

gradually falling into clisiTlvour. | | 

Helical Teeth. A <iuiet gear 
drive is obtained by making the teeth 
short lengths of a right and left hand * aims 

screw or helix, as shown in 109 ; the 106-8. mortise tbeih 


108. riiiiied at arms 


driving and driven shaft must 
rotati^ in 

T'] ^ same 

w-l direc tion . 

' / n i I ;1 Rack. 

/ 1 ' ' 1 •' ; ' / A rack is a 

a' Hfl-irtr"- ra'T, 

■,l 107. IMakMl III It is 

used to producer rectilinear motion 
from rotary motion, or vice versa ; 
it is ii]>pli<‘d Jo the tables of plan- 
ing nuK'hines, tlu^ operation of 
/ sluice-doors, and so forth. The 
/ t<‘cth may be marked out w'ith 
the odontograph for cycloidal 
curves. If a rack be required to 
gear with an involute ihnion, then 
tlie fai.‘c and flank become a straight 
line drawn at right angles to the 
angle of obliquity, as in 111. A rack 
is in effect part of a circle of infinite 
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DRAWINQ 


teeth is counted as the number of screw 
threads involved, in the same way as / 
we would speak of a double, triple, or / f 

quadruple thread screw. In the ease 

illustrated there arc 12 threads, or \ V- 

teeth, in each wheel ; they will, . » 

therefore, transmit motion at 
equal velocities. But such gears 
can be made with different dia- 
meters and numbers of teeth, in order to give 
different velocitjos. The method of drawing a 
screw wheel is shown in 116, together with 
(ixj^lanatory projections. I’he prirnan/ pitch or 
Imd of spiral, A, is the length of cylinder reituiied 
to complete a turn of the screw or spiral ; the 
circular pitch, B, is the distance between tlu^ 
centres of adjacent teeth measured around the 
circumference ; the nonml pitch is the di.stanct' 
betwetm the centres of adjacent teetli, measured 
at right angles to the s|)iral ; tlie diridfft axial 
pitch, C, is the distaiu-e between the (-entres of 
adjactsit te(‘th nu'asmed on th'‘ axial line. 

The normal j>itch may be* regarded as the t.rue 
pitch of tlu^ kM‘th, as conqjaied with tlie cinudar 
pitch of a spur wheel, for although it doc^s 
not rt'present dins't cireumfer<‘ntial ineasiirt^- 
inent, yet tlie standard tootli profile's and 
proportions are Imsed theri'on. 

Bitch diameUTs, spiral leads, and 
circular pitches may vary ' 

in any two wheels in 

gear, but th(^ normal 

pitoli must be constant, | x'*. 

otherwise i 

they will not ' ' 

w' o r k t o- ' I 

gether. Tii . ... , _-.l , 

order to set/ , ' t .■ 

out a screw \ Y> s v - - f -c. . . . 

wheel it is \ ' y , { I / 

convenient " u- 

to start with 

the circular j 

pitch, and this is readily ol>- ‘ / 

tained from the normal pilcli \/ 

by means of the diagram in 1 16. 

Draw a liorizontal line. A' IV, | 

and extend a line. A' (-h repre- ^ 

sentiiig th(5 tooth angle, and I 

draw a line normal to this and i / . 

of a length etpial to the normal i 

pitch, D' E'; then A'D' eipi.als I / 

the circular pitch. When the E^^- 

axes of the shafts intersect at 
right angles, as in 115, it is essential \/~Yyy~y 
that the sum of the icspeetivi* tooth \/ / / /. 
angles bt? 90 deg., and it is, of course, \ /// / , 
eonvenii'nt to make each one 45 deg. \ 

Delineating the Spiral. Having 
obtaimrd the cinmlar pitch, calculate the / 

pitch diameter, as in the ease of spur ^ 

gears, and draw the pitch circle, 1) in face 
elevation 1,116], and also in side elevation 
E F G H, Avhich latter may be It'rmcd the 
pitch cylinder. Unroll this (cylinder imtil 
the length, EJ, represents its circuin- 1 

ferehce, and then draw the diagonal, E K, bkv Ei 




which is the developed sxiiral. and Jay (arm section) 


down a line 
from,! to li p(‘r- 
peiidicular to 
E K. N o w 
divide Ktf into 
as many parts 
as tlu'ie ai’c 
feeth in tlm 
wlieel. 'taking 
one of thesis 
parts, .1 M, we 
have tlu' cir- 


L* t.rue 112. ( ONKiAL CYMNUKKS I’UU 

L‘(udar i\ bevels 

^ / i Z cular pitc'h. Then divide J K 

. ^ ^ into th('> same number of parts 

1 . f • takir one of them, J N ; 

. " h lh\e from N to M, eiitting 

^ ; ^ , J L at 0, and 

^ then J O is 

— j ) ci the normal 

i pitch, and 

'1 ^// ^ J N is the 

. V ^ . J / / ‘ I \ divided axial 

I ' / i ' \ l>itch. Till' 

>■' (-J'i'i'x V ticvflop tho 

yj end elevation 

^ s s ‘ 1 , of the Un^th 

I / / f - 4 '7 , ' .7-' in ord<T to 

^, 4 ] VZ' , '7; J- '7J draw the face 

/ /' * ' view. 'J’o do 

Z V- \ ^ this it is firat 

l'. 7 necessary to ascer- 

// \ . tain the diameter 

of the normal pitch 
^ y , x"" circle, and this must 

// y' . - 4 same plane as the 

/ P normal jiitch. Upon 

^ ^ ' the line E J, mark 

- 113. 3tEVEL WHEEL AND a distance, RP, 

PINION equal to tlie radiics 

of the p i t c li 

Y'y~7''7^ / / 7~\ oyliiidiT, and draw a liori/ontal line, 

'^y^y^y/y////// eiitting E K at R ; then lay 

^y^y^/y^y/yy/ down a line, H G, ))cr]H*ndieular to 
'Z yyC~^ E K, and E G is the radius of the 

y^ normal pitch circle. To develop the teeth, 

/V/ transfer the radius, EG, to the lower left 

hand view and upon it mark out 

involute teeth of the xiiteh required, as in 
ordinary spur gears. Selecting a tooth 
y^ whose centre line coincides with the angle 
of the spiral, we [iroject its various thit;k- 
114. nesses upon a vertical line, S T, and re- 

BEVEL WHEEL project them upon a horizontal line, U V, 


113. BEVEL WHEEL AND 


the depth of the tooth remaining the same 
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115 . St'KEVV IJKVRS 


ill <‘;u'h Wr may now transfci* tlie lr)oth 

dov<^l<)p<‘(l oti !_■ V tollic (‘leva! ion of the 

M'heel. 'rim and the s})at.os look ahnornuUly 

widts hut tJiis is, of course, dii(> to the fact that 
tliey are not perpendicular to t he face of tlu-i wlie(‘l. 

^J’h<i pitch line is now projected upon the. 
cylinder in lh<^ sam<* niainuR’ as we f>rojeet<‘d 
tin^ helix and tlu^ ser(*w tlircwl on pai 4 (‘ 

A tooth may he also piojis ted in a similar way 
hy considering it (o hi* coiled on a eylimler (»f a 
dianuder e<[u;il to tliat of the wJie<‘l nu'asured 
und(M’ the tetdh, a.s ^V^ 'I’hi^n' is no necessity to 
draw the complete li<‘lix in actual practice, but 
it is shown so in 116 in ord('r to present tin; 
]>rin(riple in as el(‘ar a matmer as possihl(^ 
ihuther teeth may l)e drawn without tlu^ labour 
of projoinin^i «*ach oiu‘. Make a tracing of om*. 
lialf lielix, and movi^ it successively one axial 
>)iteh, ]»ri<:king ott the tooth ])oiuts in turn ; 
tlui tooth eurv<“s mav tlnsi lie drawn through the 


points 80 ob» 
tained. A slice 
may bo taken 
from the cyliii- 
dcr of pro- 
jected spirals, 
as X, and this 
slice is tho 
screw w'heel 
rtuinired. The 
w i d t h, X, 
should besuf- 
lieioiit to en- 
sure at least 
one pair of 
t eet li being 
well ill I'oiitact hefort^ tJie next pair leave 
contact. Tliis is attained if the widtli be made 
to eoiitaiu a pitch and a half measured circum- 
ferentially, as sliown in the face I'levation. 

Ser(‘w geais may he made with their axes at 
various angles, and with who(‘ls of various dia- 
meters ; th<? teeth of lu^lieal gears, as mentioned 
earlier in this lijssun, ai (5 portions of similar spirals. 

The Worm and Wheel. ^J'his is a true 
sciew gear, with axes usually, though not neces- 
sarily, at right n-ugli^s 1117 J. Tlu*. worm may he 
singl<‘ thread or multiple tJircad, the wheel con- 
taining many ])ortions of inUwnal threads, 
formed on an (‘xlernal surface. Tlu*^ sections of 
the tlir(‘ads aie inx'olute teeth, those of the worm 
having straight faces ;uid Hanks similar to a rack, 
'rile projtH-tion ol th<‘ worm ])res»Mitsno difliculiy, 
sine<* it is a true sj)iial. 'I’lie number of tlin^acU 
oil the worm allVi is the sp(*ed of thi'i worm wheel 
in dir(‘et ratio — tliat is to say, a single, double. 


. a 
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116. PJBVKl/lPiMKNT 
\ND i‘KOJi:<;noNs 
OF SCR>;W WJIJBEL 





DRAWING 


or triple thread worm driving 
a wheel having, say, 33 teeth, 
would have to make 33, IC.J, 
and 11 revolutions respectively 
to each revolution of the wheel. 
Worm gears are generally used 
for the purpose of speed reduc- 
tion on account of the great 
dilferenee obtaitiable in a small 
space. Fig. 118 shows a typical 
example of a w orm gear redu^it ion 
in an oil-tight case. The worm 
wheel itself has a pliosphor bronze 
rim, out of which the t(*cih ai<^ 
cut, this rim being tilted tightly 
on to a east-iion centre. a.nd 
8i>curtHl thereon by moans of four 
set screW'S, spaced circunifer- 
entially. The worm is of mild 
steel, triple thread, left hand ; 
the wh(^el has bO t(‘eth. The 
W'orm shaft is eon pled to .ui 
ehictrio motor spindle running 
at 500 levolutions per minute, 
and the speed of the worm w lieel 

shaft is tluTefuro - 25 

00 







revolutions iKT minute. The 117. wokm and w.)u>i wiiiiKt. 

casing IS ot east iron, and has 

a eircular bracket east on as show n, in order to is usual w ith small worms, as there would not be 


support it. This bracket may be arranged in 
any ]msitiou desinnl to suit the application of 
the gear reduction — that is, it may be cast 
undorncatli or on one side, if necessary. The 
casing forms an oil bath for the gear to run in, 
and the w(.)rm should iirefiualily h<t arranged 
utideriK'atli tJie wheel, so as to ensure plenty of 
oil getting at the working tc'ctli. Jtall bearings 
are fitted to the worm s]»iiidle to risluce the 
friction due to the (‘iid thrust of the worm, 
these hearings being carriinl in a glaiid-sliaped 
casting, which cnahlcs (hem to he rcmov<‘d 
bodily wutli the worm. It will be noticed 
that th<? worm is solid with the spindle, whicli 


sufTieient imdal left nnd<'r the threads if they 
were bored out for the r(H*ej)tion of the siiindle. 
A small oil bath is also arranged for tlie worm 
spindle, and an oiling ring rests on the spindle 
and dips into the oil ; this is a common device 
adopted to secure the prop(*r lubrication of high- 
sjjeed shafts in eonm‘ction with motors and 
dynamos, etc. 

The diameter of a worm is generally from 
ihn*e to live tim<\s the I'ircuJar jiitch, and the 
angle of <*ngag(mient which determines the width 
of a worm wlie**! is usually .30 deg. to 4,5 deg., a.s 
indicated in 117. 

('(mtinual 
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ITALIAN 


Coiitlinu'd fmiu 


By Francesco de Feo 


VERBS — Third Conjugation — conf inurd 
Second C’lass 
Finire, to liriisli 
Tndk'ative Mood 
l*r('s(nt 

I (iniHli, oto, \\V liiiish, etc. 

finifico jitudmii 

fi nisei finite 

finisev, fi n i .sr.<mo 

Past Imh fin lift 

T have, linislied, etc. Wr' have linislied, etc. 

ho finito ahhianio finitt) 

hai finito awte finito 

ha finito hanno finiftt 

I m pet fret 

I finislied, etc. \V(', litiislu-d, 

finit'o finiranto 

finivi fininUr 

pn\ra jin'irano 

First PtniH i ji vt 

1 had tiiiislied, elc. \\\‘ lia,d linislied, etc. 

avero finito an vanut finito 

arevi finito an rate finito 

avera finito arh ano finio, 

Past Drfinitt 

J finisliod, ete. \\\> tinislied, j*te. 

finintnni 

finisti fihiste 

fi^^^ finimno 

Frrontt IHuprrjrrt 

I had iinishfd, ete \V<‘ luid tinislu-d, <*te. 

Mi finito arvnnno finito 

aresti finito orrsf.r finito 

Mr finito Mrnj finito 

Fntnrr 

1 shall linish, ete. We ^ha-ll liiiisli, etc. 

finito finirrnto 

finirai finirctr 

finira finiranno 

Fntnrr Perfrrt 

T .shall have linislied. We shall have linislied 

ete. Her. 

airo finito avrenio finito 

iii rai finito arrrte finito 

am) finito arranno finito 

Imcerativk Mood 
Present 

Finish, etc. Ut us linish, etc. 

— finianu) 

fmifri finite 

finiticano 
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8 V B.7 1; NCTi V E Mood 
Present 

Thai I Hnish, etc. Tliai we linish, etc. 

finisca (iniamo 

finisca finiate 

fi n isca fi n Isra no 

Perfect 

'riial 1 have linisluid. That wt have finished, 
etc. etc. 

it hhia fi n ito nhhia m o finito 

iihhia finito ahhiate fi,nito 

ahbia. finito abbiano finito 

Jm perfect 

11 I linislied. elo. If we linislied, elo. 

/ 1 n iss i fi If. i ssi m o 

finissi finiste. 

fini.'^sr finlsscro 

PI nj/c fleet 

It I hafi linisloal, (‘te. If we had finished, etc. 
aresst finito arissi/no finito 

aressi finito avcsle finito 

an ssc fi n ito ai 'issero fi nito 

foNDITloNAI. Mood 
Present 

T should linish, etc. W(‘ should finish, tdc. 

fitiird finiremmo 

finirrsti finiresfr 

fini rebbe fin i rehbero 

Perfect 

1 should hav<‘ linislied. We should have 

finished, ete. 

a err i finito airemnio finito 

acrrsti finito aerrstr finito 

a crebbe finito arrMi ro finito 

Infinitive Mood 
!* resent — fi ui r(\ t o linish 
Perfert .^ nrer finito, to hax t? finished 
I ast Parhei'pte - finito, -a, -i, -r^ finished 

I. The majority of the verbs of the third 
eonjugation are conjugated like finire (second 
class), as : 

capire (calipee r eh), to understand 

assrrire (ahssehree-rek), to as.sert 

ardire (ahrdte.-reh), to dare 

conlribiiire (contreeboo-eereh), to contribute 

preferire (prehfehreFreh) to prefer 

proihire (pro-eehcFrek), to prohibit, to forbid 

pitmre (poonee-reh), to punish 

spedire (speh-deMi), to forward, to dispatch 

umre (oone^-rdi), to unite ^ 

differire (deeffelirei-re/i), to differ, etc. 
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2. The following verbs arc conjugated like 
venire (first class). 

aiwertire {ahwehrtee-reh), to advise 
hollire (bolle^-reh)^ to boil 
convert ire (convekrtee-reh), to convert 
(Hvertire (deevehrtee-reh)^ to anuise 
(Umnire {dor7nee-reh), to slc*ep 
jnggire (joodgee-reh)^ to escape 
inve^'tire (ee7wehrtee-reh), to invert 
partire {fxiJirtee-reh)^ to start 
sognire {ftehguee.-reh)^ to follow 
sentire {schrUei^-reh)^ to 
servire {sehrvee-reh), to serv(‘ 
tnssire {tnssee-reh)^ to cough 

13. The following verbs may be* eoiijiigatetl 
either with or without tlu^ iiddition of tlu; 
syllable Vw (thinl class) ; 

aborrire {ohborrre-rrii), to abhor 
applaud ire {ah pplah-ofxlrf'-reh.), to ap]>laud 
a.'isorhire {ahjisorbcc-rch)^ to absorb 
inghiottire {ceytkee-dUec-rch), to swallow 
languirc {lah-nga-eheh)^ to languish 
7Hi‘vMre {inehtitei-reh)^ to lie 
7 iutrire {nootree-reh), to feed 
pervert ire {pehrvehrte^.-reh), to pervaut 
'rhe vf'rbs pariire and divert ire may also be 
conjugated like pnire, but then assunu* a diifercuit 
meaning : parto^ I start ; partifico, I divide in 
parts, 1 portif)n out ; diverto, I amuse ; divertisco, 
I cause to diverge. 

No'I’K : Ik'sides the verbs of the tirst and third 
edasses mentioned above, then^ are only a f(‘w 
others, which will Im*, given among the irregular 
verbs. 

Ob.skkvations. 

1. T5y no means all the verbs of the third 
eonjugation have a present })artieiple (termi- 
nation -nfe). Some of the v<Tb.s having the 
present partituple retain the ebaraeli'ristie 
vowel i befort' tlie termination, as: 7iatn‘enl(\ 
vbbidtevtc. The presemt ])artieipl(; of setUire is 
.se7i::icnte ; of patina pazientc ; of venire^ regnente. 
'riu^ verb dormire has dorwente and darmicule ; 
rnorire, morerite and nanietde. 

2. In ordinary eonviTsation, the third person 
singular, preceded by si, may 1)(* used instead 
of the iirst person })lural, partieularly in the 
Past Definite and in the Pn'sent Conditional, as : 
noi si romandd for 7ioi roraandomtno ; noi 
si crederchbe for 7ioi crederenttno. 

3. The iirst person sijigular of th<‘ lmp<‘rfeel 
of the Indicative may also have a termination ?v/, 
but the form in vo is more common. 

CoNVKUSAZlONK. 

Finalniente ! Oredevo elie non venissi ])iri. 
Son due or<^ che t‘asp(*tto. Perehe cosi tardi ? 

Mi displace di esscre in ritardo, ma degli 
affari imiiortanti mi banno impedito di venir 
prima. 

Ebbonc {well), Thai ^ eduto ? (^li hai parlato ? 
(irii ho parlato, ma ne so mtuio di prima. 
Kgli non ha voluto dir tutto, ma i>are che ^ibbia 
intenziorio di seguire Teseinpio del suo compagno 
© partire anche lui per I’Amerioa. 

Credi che riuscirk a far nientc ? 


lo non credo ; Giorgio 6 un gibvane iroppo 
leggiero ; avrebbe bisogno di un aniieo sincero 
che lo guidasse, che gli d(*sse dei eonsigli 

Gli scriverb io e lo pregherb di venire da me. 
(Jli darb io dei eonsigli ehe accetteiii di tutto 
euore. vedrai. 

Hai ragioiie ; Giorgio in <piesto niomento ha 
pill bisogno di danari ehe di eonsigli. 

Kxmu'isn XXIX. 

1. Parlat(‘ pin l('ntament(‘, per piacerc, perehb 
non vi eapisco. ‘2. Xh)n lo <-biamate anebra, 
lasciate elu* linisca di s(U‘)vere. 3. Fate silenzio, 
vi proib:se() di ])arlar male di un amieo in inia 
preseiiza. 4. Quale ju eferite di questi due ? 
b. Preferiseo il j>rimo. p^'rcbe e pin a buon mer- 
eato. (>. Se t‘gli lo asscu isci*, \mol dire (it means) 
eiu‘ e vero. 7. (^uella pbvera bainbina non fa 
elu‘ {docs nothifur hut) tossing tutto il giorno. 
S. Avetc dorinito Ix'no (pi(“sta notte ? 0. Questo 

te non e buono ; vi avt'te versato Taequa prima 
<*he bollisso. 10. Ditc alia, domestiea di vest ire 
i ragazzi, j)crche e ora di andare. 11. Se gli 
artist i canteranno lauie, li a j)])laudiremo. 12. K 
gia la te»*za volt a eln* mi domandate se e vero ; 
vi avverto ehe io non mentiseo mai. 13. Non 
dite (piesto, vi i>r(‘go, ptu’ebe aveto menfito 
tante volte, chi* non eredo piu a quello che 
dite. 14. D.‘iiovae lacariicsonomolto nutrienti. 
lb. Non eapisco p(‘rchc vogliato aver sempre 
ragione voi. 

Kky to Kxkhcisk XXV. 

1. We shall m<‘<‘t tlu*m. 2. They will give us. 

3. They sent (to) him. 4. What did he tell you ? 
b. What did you answer liim ? 0. Where are 

the tlowers that we have gathered? 7. 1 have 
])Ut them in water. S. As soon as T see him I 
will s])eak lo him of you. 0. I have seen him 
from the* window, and 1 have* called loudly to 
him twic(‘. hut In; has not heard me. 10. Mary 
tokl us that slu^ would luivi* gon^^ to Italy this 
ye!ir. 11. They have bought hea]w of l)ooks-; 
tliey liavt* read them and re-r(*ad lh(*m, hut I 
am sure that they have not understood anything 
in them. 

Kf.v to Kxeki'isk XXVf. 

1. How iinieli did yon pay for tliose gloves ? 

2. 1 have paid rather d(*;i.rly for them, but they 

are of an (‘xeellent. quality. 3. Did you find 
tb(*m at home ? 4. ir(*r, yes ; but not him. 

b. Wlic*ii will you give me what you have so 
many tiiues promisi'd mo ? ti. If you give me 
some to\^s I will be good. 7. Have you any 
more writing paper ? I wish to write to my 
bookseller to send ruij;, tlu? books that T have 
ordered of l\im. 8. I am sorry ; I have no more. 

1 have given you all the paper that 1 had left, 
t). N^o in.itter ; f will write to liim later. 

IvKY TO Kxmkcise X.XVII. 

1. We sliall receive. 2. Have you drunk ? 

3. If \ve lo.st. 4. They feared, b. They would 

not have? believed. (>. Would you hav’’e sold ? 
7. We would sell. 8. Wc? sold. 9. Has he 
received ? 10. I liave not yet received, but 1 

shall receive. 11. He is always without money, 
yet lie always receives some. 12. How much 
do you think he has received lately ? 13. He 

3927 



LANQUAQCS - PRKNCH 


r<5(Hiivc<l fiv€^ hundred francs last Wt^ek, but he 
will receive as many to-morrow. 14. We sold 
our garden, and shall also sell our house, 15. 
1 cannot believ<‘ that lie has not re,ceivc*d our 
invitation. 1(1. l^(‘t us go, if not we shall lose 
our tirnii uselessly. 17. If we an' not ean'ful, 
I fear that we shall los(‘ whal we iiave already 
gained, is. 'Plu' leave's begin to fall. 10. Those 
brave men all fought to tlu* d('jilh. 

Ki-:v TO K\i:k(1sk. X.WIII. 

1. W(' shall start. ‘J. If wc; had .started. 
3. Do not open. i. Listen. 5. If they had 


followt*d. 6. They would suffer. 7. That poor 
woman suffered so much when her son felt I 
M. If the shopmen served us badly, we should 
have a right to take our custom elsewhere. 9. 
Open the window, it is too hot. 10. I would 
leav<^ to-morrow if 1 had tinished my business. 
II. 'riu'se ehildren sleep too much. 12. As 
soon as tht\v «aw th(^ danger, they all ran 
away and left him alone. 13. How many 
time.s have we lieanl them say that they 
were tiri'd of studying! 14. Come with me. 
J.l. Shun bad coinjiaiiy, and follow tlie example 
of good nu'ii. 


Continin' I 


FRENCH 


e>iiitnnif"l liiiiii 


By Eouis A. Barbe, B.A. 


VERBS — .out inuecl 
Third Conjugation 
Recevoir, to receive. Prin(U])al Parts : 
rtcevdir, nrcnint, rixn, yV jc 

Inok ATIV K 


NO 'PkNSES 
1 ndvfi nitc 


SlMl'l.K 'PeNSES 
Prvscnt 

1 receive, am receiv- 
ing, etc. 
j(‘ r(:(;()is 
tu rvr<d>s 
ilj cUi ycroit 
wtHS rtrvronfi 
Tons rercrc: 
vV.s-, dies nx^irent 
Imfn rjrct 

I was r('cei\ ing, used 
to ri‘eciv(‘, etc. 
jv recevais 
tu rccd'dis 
il, cllc ra ced it 
•nods rcri riod.'i 
rod.s ra'cric:: 
ih, ( lies rcc( rdicdl 

Pdst Definite 
I re(^eivcd, etc. 

'it r(\'K,s 
tu r€{'us 
it, die urnl 
nous rc(;n)}u\s 
v(ms r(xnfc.s 
its, dU\s rei^nrent 
F (It lire 

I shall receive, etv. 

je ra'enrai 

til rccerras 

ily die nr end 

■nous !'('(' enrolls 

nous recerrez 

ilsy dies rexevront 

Present 
I would receive, etc. 
ie recefrais 
tu rerevrais 
fiy tlie recevrait 
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1 have re<*eived, 

(‘te. 

fdi re<;n 
fn ds re(;n 
it, die u KCn 
nous disrns nxu 
rolls arez nen 
Us, dies out nxd' 

Pin per feet 
1 had n'ceived, 
etc. 

/ ' a I'd is rt{'n 

til a I'd is rfxn 

it, dll d I'd it rapi 

nous di'ioiis r<Xff 

rolls ariez rapt 

Us, dies dvdient ree.ii 

Past Anfnior 
1 had received, tde. 

j'cn.s riril 
til en.s r(XU 
■U, I lie ent rci^ii 
nous (umes npi 
runs entfs n'p< 

Us, dies e It rent nxu 
Future Anterior 
I shall havt' received, etc. 
fan rat re^u 
til auras nx’ii 
il, clh: dura rcxii 
nous aurons nxu 
eons aurez nxu 
Us, dies a II rant rexn 

Past 

I would have received 
faurais rcgii 
tu mtrais rexu 
Uy elle aurait reQU 
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nous reeerrions nous aurions reeu 

eons recevriez eons aiiriez rei^u 

Us, df. s ncerraient ils^ elles auraient rega 

T.MI’KKATIN k 
Present 

reeois. r(‘eeive (thou) 

(pi'U nxoire, l<*t him r(‘<‘(*ive 
ifu'dle recoiee, It'l lu'r rect'ivo 
neurons, let us reei'ivc* 
r(f'rri>z, re(‘(‘iv(t (ye) 

(jti'ils nxoieent, let them (m.) receive 
</ti'dles riipiienit, let thi'in (f.) reeei\e 


Srn.jrNoTiVE 


Pnsent 

That 1 may rc'ceive, 

<‘te. 

i/iie je rieoire 

•/lie til reipiires 

f/ii Uy (/ii'elle re(p)ire 

(/lie nous nrerions 

i/tii nuis rieiriez 

f/n Us, (/u' elles regoirent 

I di/ier I eel 

'Phat T might receive, 
etc. 

i/io' je ririe'^se 
i/iie tu r eg losses 

ffii'U, (/ii'dir ngnt 
one nous regusstons 
(jue eons regussiez 
(/ii'Us, (/u'dles regiisseiit 


Pd. si 

That I may have re- 
ceived, (*tc. 
i/iie j\ii(' regii 
(/lie fn dies nxn 
t/u''Uy (/lUdlt dif rt.gn 
i/ue nous di/ons rign 
(/lie rolls ai/(Z regii 
(ju'Usy qu'dlcs aierit ruga 

Phi /urfixt 

Tliat I might have ro- 
eeiv(',d, et(^ 

(j/ue jhiiissi^ regn 
(jue tu cusses regn 
(/a if, (/u'elle cut regu 
(/lie nous eussioris rexti 
</ue rolls russirz nxu 
(j II ' i Is, (/ 11 ' elles e ussent rc^ u 


iNriNlTlVE 

Pnseui Past 

rf(v /vnV, to receive aimr regn, have re- 
ceived 


rAKTK rPLE 

Fresmit Past 

r( ('( rant, receiving regn, e, received 

ayarU nxtiy having re- 
ceived 

The so-called regular third conjugation con- 
sists of only seven vc'rhs. With the exception 
ot dm>ir, to owe, and its derivative redtvoir, 
still to owe, all the third conjugation verbs bedong 
to the same group. They are; apercevoir, to 




perceive ; concevoir, to conceive ; decevoir^ to 
ueceive ; and 'percevoir, to perceive (receive 
impressions), and also to levy Itcxes. 

It is to be noted that in these verbs the c 
l<akos a cedilla (p) when it occurs beforti o or w. 
This is for the purpose of retaining the soft 
sound of c throughout the whole verb. 

In devoir^ the letter d takes the place of the 
rec of recevoir. Consequently, its principal parts 
are : devoir^ devarUy du, yV dus. Tlu^ 

masculine form of th(‘ past participle takes a 
cireumllcix a(!cent ; the h'miiiiiie form does not : 
dUf due ; neither does the plural, das. 

Idiomatic Meanings of Devoir. 

1. When diimr is used in the ])res<‘rit, or the 
imperfect of the indicative, and followed hy 
another verb in the infinitive, it is equivalent 
to the English “ I am to,” “ I was to,” “ I have 
to.” Examples : Je dots proe/iainemerU rcci roir 
de VargerU, I am to iuhuuvc some money shortly ; 
il doit y avoir demain ana asscmblca das action- 
nairesy There is to be a nu'cting of tlu* share- 
holders to-morrow ; Je dnis oiler damain Ct la 
campagne, I have to go to the eountiy to-morrow. 

‘2. In the presimt indicative it sometimes 
expre,sses what is held to be a certainty, aiul is 
then to be translate<l by “ must ” : S’il a fait 
viwjt milk's^ il doit tire bien jalign(\ If be has 
walked (lit., done) twenty miles, he must Im' very 
tired. 

3. In the sanu' tense it may iilso ex]>n“ss moral 
obligation. Examiile : Vu hov fils doit res perter 
son pera, A good son should Vi'Sjx'ct his fatluu-. 

4. In the ^irosent conditional {je davrais. etc.), 

tkvoir is to be translatial by ought”; and in 
tho past conditional {j'aurais da. ete,), by “ought 
to have.” Example: darriez lai fHtyir 

•Vahord eagaa voas lai darez^ You o\ighl lirst of all 
to pay him what you owe him; a a art* z 

yms dll hii dire, cela, ^'ou ought not to have told 
him that. 

5. In the past indefinite, and occaisionally in 
the past definite and })luj>oifect {J'oi dd, je dz/.s, 

avals da), devoir inqilies obligation ; Jai dil 
lui dormer guehiae chose pour rn'en drbarrassar, 
I had to give liiin something to get rid of him. 

G. It is to be carefully noted that, in all these 
constructions, the verb following devoir is in 
the present; infinitive. 

EXERCISE XXVI r. 

1. We receive two jiapiTs entay day. 

2. She nuudves her friends on Tliursdays {le 
jeudi). 

3. We perceived a little vhite hou.se at the 
foot of the hill. 

4. Have you not yet received any reply 
{reponse, f.) to your letter ? 

5. It is easy to ex}m^ss (hionrer) clearly 
(clairement) what one eoneeives properly {bien). 

G. When you receive this letter 1 shall no 
longer be in England. 

7. Alwut ten o’clock in tho morning wo 
perceived the hostile (ennemi) army in the dis- 
tance {lointain, m.). 

B. He owes his tailor fifty francs. 
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9. If you owe him so much, do you owe me 
nothing ? 

10. You ought to planl> some tTees along 
{le long de) that aveniK^ {allce, f.). 

11. When is there to be a nu'seting of the 
.shareholdi'Ts ? 

12. If guotl faith {foi, f.) wore exiled from the 
rest of the earth, it ought to l)e found again 
{se relroanr) in the hc‘art of kings. 

13. You ought fii'st of all to pay me what 
you owe me. 

14. Slu* must have been greatly restonisbed 
at (da) seeing you. 

15. You ought to have rtdurned (revdre) 
him iht^ money which Ik* lias lent you. 

1<». If you liave eat(‘ii nothing since this 
morning, you must lx* very liiingry. 

17. What tiim? is it V It must be at least 
{aa ')n(dns) half-past four. 

IS. 1 ha\M‘ r(‘C(*ivt‘d an invitation, but I have 
had to refuse il. 


Fourth Conjugation 
Vendre, to sell. IVineipal Parts: rendre, 
vendant. rend a. ie vends, ie randis. 


l.N 

SlMlU.K I'ensks 
PreserU 

I sell, am .selling, etc 
je vends 
la vends 
il, ell a vend 
nous rendons 
voas rendez 
ils, efles vindent 
JtflfH'i fed 

1 was st?lling, used to 
s<*ll, et<*. 
je re n da is 
In randais 
il. vile rendaif 
noas randi<ois 
voas vendiez 
iJs, dies rendaif nt 

Past Definite 
I sold, etc. 
je re ml is 
ta rend is 
il, elle vend it 
noas vend i tries 
I'll as rend ties 
ils^ dies I'endircnt 
Future 

1 shall sell, ete. 
je vendrai 
til vendr as 
il, elk vendra 
noas vandrons 
ixma vendrez 
ils, elks vendrorU 


CATIVE 

(’o.MUOlTND Tlfl.NSES 
Past Indefinite 
1 liave sold, etc. 
j'al vend a 
ta as vend a 
il. elle. a vend a 
noas (irons vendu 
voas avez vendu 
z7.s*, dies ont vendu 

Pluperfect 
1 liad sold, etc. 

j'arais rend a 
ta arais re ml a 
il, die araif vend a 
noas arions venda. 
voas arivz venda. 
ils, dies avakrit venda 

Past A nlerior 
1 had sold, etc. 
j\ as venda 
ta vas venda. 
il, elk. eat venda 
noas fames venda 
voas eiilrs venda 
ils, elks e a rant venda 
Fat a re Anterior 
I .shall have .sold, et(\ 
j'anrai vendu 
ta auras vendu 
il, elk aura vendu 
noas aarons vendu 
voas aarez venda. 
ils, elks auront vendu 


Present 

I would sell, etc. 
je. vendrais 
til vendrais 
il, die vendrait 


Co\DlTlON.4L 

Past 

I would have sold. etc. 
j'aurais vendu 
ill aurais vendu 
il, elle aurait vendu 
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nnuM rendrinns nous auriuns vemln 

vous rendriez mus auriez vf ndu 

ils, cllcn vendrnient Us, (dies anraieni irndu 

1 mi*kkative 

Present 

rends, sell (thou). 

({(('‘il vende, let him sell 
f/ti\dle vende, let her .sell 
rendnns, l<‘t us .sell 
nridrz, sell (yv) 

(ju'Us, ({(('elles rendent, let them st'U 

Si'n.n’N< Ti VI-: 

Prisenf J*osf. 

Tiiat 1 may s<‘IL That f ?uav havi* sold, 

ete. et(‘. 

(/uc je rcndf r/ue j'nie rindti 

([ue in re tides (jur in aies vend it 

(/n il, (/nefle rend(‘. (/n il, t/n eUe ail rvndn 

i/ne nous vendinns (/ne nous ((//oils rendu 

(/nc vans roidiez (/ue vous ai/ez rendu 

(/u.ils, (/u'elles vendenl (/u' Us, (ju' (dies (tienf rendu 

Itn /u rjert PI u /n r fed. 

That I mi^ht sell. That I mi^ht liave sold. 
(/ue je rendisse i/ue j'eusse rendu 

(/ue tu vendisses (/ue tu cusses f'ettdu 

i/u'il, f/u'elle rendif (/n il, (/u'elle eut rendu 
(/ue nous vendissions f/ue nous eussions rendu 
(/He vous vendissiez (/ue rous russiez reuffu 
(/u'ils, (juelles rrn- (/u’i/s, t/u He ^ nf 
dissent rendu 

Isk'VSi \'l\'K 

Present Past 

vcndre, to sell avoir rendu, to liavi* sold 

P MITICII'LK 

I* resent Pad 

vendant, .selling t'endu, e, ,sol(' 

(O/ant rendu, li<i\ iiig .'>old 
The stem of all r(‘g(d.*i,r vi'rhs of the lourtfi 
conjugation, except roin/tre, to break, .nid its 
derivatives enrls in d. fn (‘onseipienee of 
thi.s these verbs do not take the f, wliirb i.s tlu* 
linal letter of the third piM’.son singuti.r of the 
present of the indicative: it vend. Tli(‘ / re- 
€\.])pear.s in rorn/ue: it r<nu/)f. 

'rii(‘ fourth eoiijugid ion \ erbs us(‘d in the 
folk>\ving exercise are : 

(Utendre, to ^^ait foi- niotdre, to bite 

descendre, to eome /Hrdre, to lose 

down, fa.ll rendre, to return, reii(h*r, 

entendre, to hear, \ii‘ld 


' 7. Wait for them ; they are not ready (prel) yet. 

8. Do not lose ho much time in (ft) chattering 
(havarder). 

1). The enemy (pk), coming do\yn from their 
mountains, pillaged \piller) the whole district 
{eon free). 

10 Those house.s will be sold by auction 
{aur enrheres) at clevcm o’clock precisely. 

11. I closed my (‘yes and I heard a frightful 
(e/)ouvant(d)le) din (fraeu^, m.). 

1‘2. You will lose nothmg by {/tour) waiting. 

I.'k The discovery of America has greatly 
extcmled Kuropc'an commerce. 

14^. Tht^ Lord stretched out His handover the 
sea. He shook {(braider) the kingtioms. 

to. The thei‘mom(*ter {thennotnifre, m.) has 
falhai {d(') lour degrees siiK^c yestiM'tlay. 

1(». rile young man thanked us without eni- 
barrassment foi* the si'rviee which wo w'{*re 
n-ndering him. 

17. RiaidiM* unto ( a*sar {Pesar) that whieh 
.belongs to Csesar, and nuifler unto (lod that 
whieh bidongs to (hid. 

IS. The blows {cou/t, m.) whieh we feel 
{sentons) most- are those which we can {/touvons) 
not return. 

in. Some grains {(/rain, m.) yi<‘ld a hundrt'd- 
fold (hundred for oiu’:), otheis si.xty, and othor.^. 
t birty. 

*2tb Sam.son brok(‘ his ropes {corde, f.) as 
one would break a thread {/il, m.). 

21. 'Po (the) shorn sh(M‘p (lod tempers {mesurer) 
l!u' wind, .says th(‘ proverb {proverbe, m,). 

22. 'Phat dog is dangerous ; it bites. 

21k 'Phere an* sonu‘ [ler.sons whose pr.aise.s 
{louati'/e, f.) bit(‘, arid w'hos(‘ ear<*f;.se.s {caresse,i.) 
.M* ra. I eh ( ('yra t i</ uer). 

24. (lold nudls at a l('.ss d<‘gr('(^ {deijre, m.) of 
he, it {eludenr, f.) than iron. 

Kky to ICxKHC'isr, XXVT. 

1. fjluand j'etais enfant, j’etais tre.s honteux, 
je rougissais jus<praux yi'ux (juand on me 
jvirlait. 

2. La ti'iTo n'est jamais ingrati‘; (die nourrit 
de ses fruits tons eeiix (pii la evdtiveiit. 

‘k ( e n'('st pas rag(‘, e’esl. le ehagrin cpii a 
blanehi ses eheveux. 

4, Si vous ne ehoisissez pas iin bon endroit 
])Our etablir l(*s fondations de la inaison, vous 
.serez oblige d(^ la d(!‘molir. 

r>. La lionte de eette aelion iTdleehit sur tons 


uiidiT’stand rt />ondre, to answer 

ilendrc, to slrt'leh roin/ne, to break, burst 

fondre, to imdt tondre, to slu‘ar 

vcndre, to .sell 

Lxkkcisk .X.Win. 

1. Do you hear what I tell you ? 

2. Do not be afraid of the dog, it will noi 


ceux ipii y out p.artieipik 

(>. Parmi les arbn's, lc;s ainaridiers ll^iirissent 
k*s premiers, et les m'dliers les derniers. 

7. Apres taut de ealamites il est etonnant quo 
ee pays soit aujourd’hui si Horissant. 

S, Les armes (pii ont ete benites par PEgliso 
ne sont j)as ton jours benies du eiel sur Jo champ 
de bat ai lie. 


l>ite you. 

,*k You are always losing .sound lung, 

4. Why have you not answered (to) his letter? 


0. II y a (l(?s hommc.s dont il est gloricux 
d’etre leu. 

10. (-)n n(‘ bait ])as ton jours ceux que Ton 


r Ai- I 1 * ..... .V ; iXF. wn ne nait ])as loujours ceux que I on 

r>. We heard soim‘ noise {bruit, m.), up-stairs read malheuivux. 

(en /mut), H bons livres guiSrissent les maladies 

d. Let them wait for us now, we have waited de Pesprit. 


long enough for them. 


12. Un people libre obeit, niais il ne sert pius. 
Continued 
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GERMAN By P. G. Konody and Dr. Osten 


LXXXV. Government of Adjec- 
tives. The following iuljectivos govorn the 
genitive (answering the <[uestion U'cffcii whose () : 

aufidjtivv v^cUMl^r,* aware Oattjaft (ivcrtcn),* to get 


bav, IcbiiV ftci, Ictt* free 
bcburftiiV in want of 
uubebiirftiv^, not in want 
of 

bcwujt coiiHcious of 


])Osses.sion of 
export 

untunbup un(‘xport 
Icci*, tjinpty 
l'c((, full 


unbctmij^t, unconseiousof mvhl)tivV mighty 


eingebcnf, mindful 
unciuitfbcnf, nnmindful 
fal)iip able 
iuifal)i^p unable 
fvei), glad 

itcunirtivt, expecting 
i^cunf?, certain, sure 
used to, accus- 
tomed 

UUitfivohiit,* unaccus- 
toincil . 

c\icri^3, bc^ieviyv eager, 
greedy 


lUiibf,* tiretl 
fatt* ubcibriii'fiit,* 
tiatiid, weary, tirtid 
fd)ulbi3. guilty 
I'crbad'ti^, suspicious 
tciUjaftlyt part ici[)a.t iiig, 
sharing 

I'Cvluftiv^, forfeited, 
deprived of 

UH'Vt,* deserving, wortliy 
mnrevt, undeserving 
U'uvbi^. worthy 
iniunirti^, unworthy. 


KxAUPf.F-s: ;\d) bill iiiciitcci 'X'cri>vcd'cncf fin 
(Hebeuf, 1 am mindful of my promise. '£ic Untvbc 
lUciiKi* (genitive) onfidni^, She became aware of 
me. Tic 'iU'litci' uunbe bee* 'I'cibrcdifui hab'lup'f. 
The jiolice got liold of the eriminal. ..'sd' bin 
biefer 3vvdd'C nuid'tiv^, I am master of this 
language, (vv U\U' feiner nidU nuid'ti^, lie had no 
eoininaiid over himself. Ties? ift nid't bev tHiubc 
(genitive) U'cvt, This is not worth while. Ter 
Vird wurbf fciuci? utclc« vcvluftuv The physician 
lost his dijgree, etc. 

The adjectives in abov'O list marked with * 
are, in ortlinary speech, also used nith the 
accusative, where the genitive wuuUl houikI 
atro(;ted, espetu.illy willi neuLtas of pronouns, 
likt' fff, it; bai\ tliat (instead of the genitive 
beffen) ; biefeei or bici', this; ifma\tliat; and with 
the indelinite pronouns and numerals rtivai', 
iiiddv^ nmud;ft\ allob 

Exaaiplf.s : od> luittc cc* (accusative) fatt, I luul 
enough of it. .^d) unii'bf bcii ninrilltomiiifiu'ii 
©cncjieil (accusative) Icit I got ri<l of the 
unwelcojiie companion. C^r ift bte 'Hrbfit (accus;i- 
tive) ind)t Hois not accustomed to the 

work. But in some eases tlm adjectives aie 
used with pre])ositions : tlius it is preferable to 
say id) bin mil (proposition) attciu (dative) \m 
fricbeii (I am content vvitli everytliing), than 
5d) bin altoci (accusative) pifrtcbcn. 


1. The following adjectives govern the dative 
(answering the question U'cmV to whom .^); 
fi^nlic^,* similar, like viv\dvlid\ annoying, 

att'ftebcren,inlM)rn, innate vexatious, fretful 
related to auffdllivp* striking, 

air^clcflen, important, conspicuous 

pressing bebeuf'lidn* doubtful, 

an^cmeffen,* commen- suspicious 

fiurate, suitable bc^rciflid),* coniprelien- 

an'^fnei)m,* agreeable sible 

dll' jli' Jig, offensive bcba^'lid),* comfortable 


bcbilf'tid', serviceable, 
useful 

bffvUint,* known, 
actpiainted 
bfciiicm',* convenit'ut, 
comfortabU^ 
bcfd'U'cr'liib, cumber- 
some, troublcsouu*. 
bcU'ufn',* conscious 
befe, wicked, bad, ill 
taiit'bar,* grateful 
bfut'lid',* clear, distinct 
bifidlid), servici‘al>le 
fk\cn, own, })roper 
f i nt ii ni I i d> , [)ec ii 1 iar 
cfclbaft (cUi\\), nasty 
f m V n n b ' 1 1 d' , * sen si t i v c‘ 
f lit bf bi ' I id'. * d i spens abl o 
crfvcu'lid',* delight fill, 

])1 easing 
fViV'bni. devoted 
fiin'iicvlid', present in 
one’s mind 
cui'iiufd't, wished for, 
vvelcM une 

ffliib (foiiibfcli^), In'stilii 
fern, far, distant 
forccrlid', usid'ul, lu ne- 
lieiai 

ficmc, strangi* 
futd'tbav, fihd'torlid', 
terrible 

i^f b fib ltd', I n\ )S] )e rolls, 
thriving 

i^cfa Ini id',* dangerous 
i^cbcr'fviin,* obiMlieiit 
i^nvad'fcn, to bo amateli 
for 

v\(oid\ eipial 
v\lcid'v\iilnvU ealltms, 
iiiditlerent 
vKiiuif;, aeeoiding to 
vifinciu, conniion, mean 
iV'ineiiii'ant, vV'incinid'vift- 
lid', common, mutual 
^eneiv^t, disposed, in- 
elineil 

v^tvcii,* faithful to 
ipuibi^,* gracious 

avi'vsi*, hostile 
ip’uifli^,* f.-ivoinahli’ 
ipit, good 

i)cilfani, salutary, tie.ne- 
lieial 


liinbcvlids imj)eding, 
troublesome 
bolb, amiable, sweet 
fhir,* clear, bright 
funr, known, uoiovious 
laftivV burdensome 

leid't, easy, light 
tcib, stu-ry 
licb, dear, beloved 
ntiStlid',* ])ossiblo 
iKid'tcili^, disadvan- 
tageous 
luibf, near 
ihuiiilid',* natural 
Ill'll^,* iiotU'i'iibiip 
necessary 
niitUid', useful 
vii t fc I ba ft, en i gi n alio 
fd'at ltd', pmnicioiis 
fd'nicid'clbaft,* dattering 
iibnu'vdid', ]>ainful 
fd'iilbi^, guilty 
fd'U'cr, <litticult, heavy 
fid'cr, certain 
tau^lid), lit 
Idler, dear 
tvdl.* true, faithful 
tvenU't.', untrue, faithless 
iibcvlc'v^cn, su[)erit>r 
iii’.aiK'Ucb'lid), insup- 
portable 

uucni'artct, unex^ieet od 
untcrtvin, subject (to) 
mu'CVvtffdid', imforgot- 
able 

ii ini' i r or ft c I' I i d' , i i i-es i s t • 

il)le 

1 ' crai 1 1 ' Ivor 1 1 i d' , respo n s* 
il)le 

v'cvccrb'lid', Doruiciniis 
I'crluifir, hated 
'.'cni'vUlbt, related 
I'ci'toilbatr,* ad^an- 
tagooiis 
lecrt, worth 
U'id'ti^, important 
U'ibri^, adverse, contrary 
U'ibcrtrarti^r. laqmgiiant 
U'Klfabri^t, compliant 
U'illfommeu, welcome 
IviiiibcrlMr, marvellous 
^ ii\vi lud i d' . access i hi v. 
pi'vV'tvUi, devoted 
pi'trdiUtd), becoming 


The adjectives marked in above list with * 
take the prelix Uii- to convey the opposite 
(negative meaning) : abnlid), like ; uu-al)iitid,', 
unlike. 


Kxaimpi.bs: thrift [ciiicm 53rubcr (dative) abulidt 
He resembles his brother. Tic ®otfd)aft irar bciii 
.Wi'iiii^ (dative) aiuy'uet)ni, The message was 
pleasing to the king. X^d> bin l^t)ncu fdative) 
baiifbar, I am grateful to you. TiU:< .tfiiib blicb 
fetucm ^l^crfv'rccben (dative) tren, The child remained 
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tnio to its promise. T'er iji brm C^ftrfibe 

The hail is harmful to the corn. 

LXXXVI. Co-ordinate Clauses. 8en- 
tencos or clauses that have the same grammatical 
value can he connected in dillerent ways: 

(o) The clauses ;igiee in smise : yiad)t 

UMv fvdt, inib tie 2fra)^eit umvcii men fihen leer, TIuj 
night was cold, and the streets were deserted. 

(/>) < )ne clause modities or limit.s the oilier: 
Tfi Jlicv^cii UMr tem 'hevutH'him fiutcrlid', aber rer 
,^evftbvtc Vlllci\ The rain was henelicial to 
(the) growth, liut- the hail destroyed (#verylhing. 
vVv U'clltc tod) cr loiiiire nicl't. He wanted 

to go, but lu* could not . 

(o) One clause is explained by the other: 
Tve5 ift ffun cs? ciubalr Ciiicii, Tht‘ 

water is wholesome, as it contains iron. 

{(i) One clause is tlu‘ consecjuence of the othei* ; 
(5r ift fclp- vvitlH’i-,^iv\, tci^luilb unit cv ven ^t'cttlcni 
limliuvrt/ lie is very kind-luiarted, theiadore he 
is besi(‘gtid by beggars. 

The connection of co-ordinatii clauses is 
eUccted hy the use of (n) copnlat ive, (/>) adver- 
sative, (c) <;ansal, and (d) consecutive <’on- 
j unctions. 

LXXXVII. Subordinate Clauses. 

The auxiliary linito vt‘rh, which normally .stands 
at the end of the snhordinate elatise in tlu‘ 
compound tenses, may he tiansposcsl if the 
claus(» contains dejiendent ifdlnit ivt's : ^\d> 

uiiufditc, baf{ tu ibu batteft (tinitc verb) fcuncii 
Icrncn, I wished that you had got to know 
him, is better than the elumsy form: ^'uh 
U'uufd)tc, tab bu ibn tcimcn tcrncii l)artcft. 

1. Subordinali^ ('laiises are never emjdoyed 
if the idt'a can he elearly expressed without them. 
Tims, 'u1' KU il)n, baf; cr mir fav^c, fic I’^Ci^iiu-^cii 
ici (literally: 1 begged him to tell me where sin- 
had gone) can be expnvssed far bettor and 
more lirieily in the following way : xSd> bat ibii 
mir fav^cii, ete. Subordinate elauses are 
eonnected with the piineij)al sentence by 
subordinative con Juiietions, and relative 
Ijronouns. 

2 . The snhordinate clause can be jiJaced 

(a) at tln^ beginning, {h) in the middle, (r) at 
the end of the compound sent ence. (n) vi ft 
b \ c '.'I a d) t b e V c i u b r a (subordinate clause), 
mad'tc lliu^ bf|oi\d, That the night set in made 
ns uneasy; {b) 11 m ft mb, b a ft Die 'U a d> t 

borci nbi ad), madUe uiiiMnUTiU, The fact that 
nigdit set in made ns uneasy ; (c) (ves iimdUe uittf 
bnovv^r, t vi f; b i c iV a d< t b c v c i ii b v a d' , It made 
us inu'asy that, etc. 


3. Some ideas cannot bo expressed by ftimplo 
nouns, but reciuire entire subordinate clauses to 
elucidate their meaning. .At times, too, a noun 
is replaced by a .subordinate clause for the sake 
of stress, eu])hony, rhythm, or clearness. Thii.s 
a subordinate clause always stands for some 
part of the principal seiiteiico- the subject, 
the object, an attribute, or an adverbial adjunct, 
and according to its function, the dependent 
clau.se is either a subject elnuae, an object clause^ 
an attributive (adjective) clause, or an adverbial 
clause. 

EX A:\11 NATION PAPEll XXL 

(^)rrect tin. follow iug seiiLences hy changing 
the nominative, w hich is employt'd throughout, 
into the cori-ect cases reipiired by the ad- 
j(‘ct i ves. 

Ad' UMi* mcinc ''|sflid't ciiik^crnif. ©ev '^obii 
I was mindful of my duty. The son 
ift fctii aim lid). T)ic Vfu^c mai* 

rtsscinhles his father. 'I’he lie was 

tie ^Hrbcncr aiivyborcn. X)ic >ttad)e fd^icii 
innate in thii Athenians. 'J'he affair seemed 
bev 'lUamte bcDciitlid>. (Sr l)iclt ilni 
.suspicious to the tdlicial. thought him 

c i n f c 1 d' c t' f d' v c if 1 i ih e c v b r e d; c u fdbiip 

capable of 'such a horrible crime. 

T^i’ i- (^trfaiuvbf H'ar b a U v t c i I itcma if ivp 
Tlie pn.soner w’as exjiectiiig the verdict. 
V\( (vjrcni fiiib bic 3bi‘iu1)c nidif maihtivp 

f'he ])arents h;ive not command of the language. 

3olbaicu u'arcu bev :X)icuft iibcrbriniuv 

The soldiers were weary of the service. 

i c 3 0 I b a t c n mar ber I>ifnft iibeibvufiuv 
Tlie .service was wearisome to the soldiers. 
I^as5 .Hiiib ift fc i 11 c 1 1 c vu (Mct^oifam [dutlbup 
f’he child owes obedience to its parents. 
.■X)icfe .^^aublinu^ ift on iiiimurbuv lUhtn 

This action is unwortliy of you. 'fhey (people) 
ubcif)cb mid; bic lUiubc. 'I^ic 'f(crfolci\^ 

sjKired mo tlu^ trouhh*. The jmrsuers 

umvbcii b c V r* i c b babbaft. i:'icfcv Amifdjcufall 

got hold of the thief. This incident proved 
crii'icci fief) i d; ^iniftiyv ift fic ivni^ i^lcidupiUiip 

favourahle to me. This is ipiite indifferent toiler, 
^aa 'indf iff b c r .tfbuiy^ mUcilait. Lvefebem 
The^tMiople is subject to the king. Though 
ber ivaU ber J)iid)tcr iinflar mai\ fauo cr ibu 
t he ca.se was not clear to the judge, he found him 
b a c r b r c d) c u fdiulbiyv I^cr Adbftcrr 
guilty of the ei ime. The comuiaiider-in-ehief 
mar b i c | c r c c U b c r a 1; I nidf c^cmadifcii, 
was not eijual fo such overpowering numbers, 
uiib ciyvU' ficb, al»? er bic f) c v a ii r ii if c u b c f r i f d) e 
and surrendered when he got sight of the 
1 V u vv c u aiifichtiy) muvbc. 
approaching fresh troops. 


CONVERSATIONAL EXERCISES 


V. Laundry and Washing 


1 have .some dirty linen, can it be 
%vashod ? 

Oh, yes; gjve it to me, please. 

AVht n can 1 get it back t 
In four or fi> e tiaya. 


C\cfi tjabf ciniiv f*uni^isic f.imi fie 

mcrbcii ? 

C i*J, bide i^ebcn 3ic jic mir. 

'Baim faini id) fic micber baben? 

An vicr bi^J fuuf Tavtcu. 
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Tliab is too late ; I must have it 1 o-morrow, as 
1 start in the evening. 

Very well, I shall try to make it possible. 

1 have 4 shirts, 6 collars, 4 pairs of culls, 
10 handkerchiefs, 3 i)airs of socks, and 
3 pairs of pants. The shirts must not be 
starched. 

Everything shall be done as you wisli. 

Can I rely on everything being delivered 
in time '( 

Certainly, sir. 


ift i^u fpat; ic^ braudje fu fdH'u incv^cn, ba icf> 
9lbeutc( abreife. 

^clp* u'obl, id) ircrbc tvad^hu cd mi'^lid) iiuuhcn. 

l>d) l)abc 4 A;')cmtcn, 6 4 'Ihiar Ilian fd)ottcn, 

10 ‘iafdH'titud'ci*, 3 ^tiaar i^ortcn iiiiD 3 'luiar 
Untcrbcinflcit'cv. Tic .s>cutcru binffit nidn 
iVftdvft ivciTcn. 

Vaico u'll iiad) 'liiimid) befovvV U'citcn. 

.Uaim id) mid) baraiif mlaffcn, ban XHllco vcd)t^ciiiv^ 
iKlicfcrt tviibV 

(%U'i|k mciu .)>crr. 


VI. At the Telegraph Office 

I want to send a wire to England. 

How much a word ? Twenty pfeiinij 
Can I have a form '{ 

How must 1 mark it for reply 2 >aid 


R. })., sir. 

How many letters may a single word contain ? 
{Sixteen, sir ; more letters in a single wonl are 
charged as two words. 

Is the handwriting legible ? 

Oh, yes ; only this letter is not <(uite clear. 
Wlien does tlu! teli‘grain rtiaeh Ij' aulon { 

In about tliree hours. 

Can T have telegrams forwar<le(l ? 

Certainly, if you let me know yeur new address 
and till in this form. 

How many words does tlu' telegram contain f 
Is the signature to be wired as well ? 

No, only the surname. 


od' UMiin'd'o ciii IclctV^^tnnii nad' (viud^nic auf^uy^cben. 
'h'as? feftet 20 'I'fcimij^c. 

.Uauii id) ciii jsoniiiilav babcii 

"llhld'c 'i-h'^cid^miui^ ift fiir bc^ahltc iWurfannvovt 
crfcrrcilid ) '( 

K. ))., mclii .t>crr (Rejxmse payee). 

'ISic ride 'l.hu1)ftabcn barf ciii cinfad'cs? ‘IScrt ciiibaltcn 
v£cd>'tfl.'». i»fin ^^^cvr ; mcl)r 'Ihid'ftabcu in ciiicm 'llh'rt 
U'crbcii alt? prei 'lih'rtc itcrcd'nct. 
oft bic i^d'rift vuit Icfcrlid) '^ 

D ja, uuv bJefer 'iMui^ftabc ift itid't bciitlid'. 
^i'aini faitii bao ^Jelcctramm in Vonben fciii i 
on nnitcfdhr brei ^^tnnbcn. 

•Uann id) mir iflci 3 vammc nadMonboi laffcit 
OkUMfi, U'cnn ^ic niir 'ohn nciic '.Hrrcijc miiicilcn nnb 
tiefe (Vi'vm ani?fnllcn. 

’ll'ic v'icl 'lluntc cnthdlt bao iclc^vamm ( 

^I'll bic llntcrfd'vin and,' tclr^vavhi'rt u'crbcn'^ 
iiicin, nuv bev rvamilicnnamc. 


Continued 


SPANISH By Amalia de Alberti d H. S. Duncan 


REGULAR VERBS 

Sjianish verbs have thnv* (tonjiigat ions. .All 
verbs, regular or irregular, ending in ar betmg 
to the iirst conjugation. Examtde : .Imar, to 
love. 

All those ending in fr belong to the .second 
conjugation. Example : Conier, t(» eat. 

All those ending in ir Ixdong to the third 
conjugation. Example : Vivir, to live. 

Kegular verbs are those in which the ter- 
minations conform to the model verb of tlieir 
eonjugatioii ; these terminations are aptiliinl 
directly to the unchanged stimi found by sup- 
pressing the infinitive ending. Examples : 
am-ar ; am-a/ww — to love ; we love 
eoni-er ; eotn-e7/w?.s’ — to eat ; \\v, eat 
viv-/r ; \'\\-imj 08 — to live ; we live 

Those verbs which by changes in st^m and 
termination differ from the model verb of 
their conjugation are called irregular. 

This, however, does not apply in tlie case of 
orthographic changes in certain regular verbs, 
made for the sake of euphony only. These will 
be pointed out later. 

First Conjugation 
Modkl Verb : Amar, to love 
Infinitive Gerund 

or/iar, to love amando, loving 

Past Participle 
amadoy loved 


JnOK ATIVE MooJ) 


Simple Tenets 


resent 

<im.(), I love 
atnas^ thou lov(‘st 
ama, lu* lo\ «‘s 
(imam 08 ^ we love 
amais, you love 
aman, they love. 


Imperjcct 

amdha. 1 was loving 
amdhas, thou wast loving 
amdhn, he was loving 
anaihamos, \\a were loving 
amdhais^ you were loving 
amdhan, they were loving 


l\isl Definite Future 

am(\ I ]()\ <‘d a mare, J shall 1()V(* 

amaste, tluni lovedst aman'm, thon wilt love 
amti, he loved amard, hi' will k)ve 

amaman, we loved ainarernos, we shall l(.)ve 
amd^steis, y<m loved amartis, you will Jove 
amdran, lh{\y lov(‘d amardn, tl)(‘y will love 


( A)NI)iti(;\.al Ahxn) 
a maria, 1 should Jove. 
nmarias, thou wouldst love 
amar in, he would love 
amarinmos, we should love 
amar\ais,yovi would love 
amurian, they Avould love 


Imperative Mood 

atBU, love (thou) amhnos, let us Jove 
ame, let him love amad, love ye 
amen, let them love 
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SirnjuNCTTVTJj Mood 


I*rp.s(*nt Im per I eel 


ame, T may love 

amdra, or aiiid^e, I might 



love 

nines, thou 

mayst 

aindras, or a mdses, thou 

Jove 

mightst lov(* 

ame, he 

m a y 

amdra, or nmdse, he mi^ht 

love 

love 

amemos, we 

may 

amdramos, or amdsemos. 

love 

w(* might lov(i 

ameis, you 

may 

amdra is, oi* amdseis, you 

love 


might lov(‘ 

•tmen, tlu'y 

may 

nmdinni, or amdsen, tiu'y 
might lov(‘ 

l()V(! 


Fdhira 

cuantio afndn\ wIkmi I shall l(>v(* 

CHamto fu oinfhi’s^ \vln‘n tJmii wilfc love 
cnanxlo el (ininr(\ when lie will love 
rifa?}(fo 7i<)s(drns auidrein/.s, when wv shall love 
enanda vttsotro.'f atuftrei.s, when yon will love 
cuandr elhts amarm^ when tliey will love 
roMvtu’Ni) Ti<:nses 
Iiiji^utiee Past 
lather amado^ to have lov('(l 
hahietalo atnada^ having loved 

lNf)i(‘A’rivE Mood 
Pa.^t /fideffnilr 
he ammln, I hav(? loved 
has r//»<n/o, thoii hast lovt*d 
hd amad<t, he has lov(‘d 
hemos (ttnado, W(; have lov<'d 
haheis amado, yon llav(^ lov(‘d 
han amadit^ tlo^y have loved 
PI a per feet 

hnhia amadit^ 1 had lovc'd 
hahtas atnada^ thon hadst. lovt'd 
hahi.a attaida, he liad loved 
hahUii/ats aaiado, wc* had loved 
hah'iais yon had loved 

hahian amado^ they had loved 
Past Auteriitr 

hube awadn, (wlien) 1 h.id loved 
huhiste amado, thou hadst lov<*d 
hifha mnado, he had loved 
hnhimos amada, wo had loved 
hah'ifiteis ameidit^ you had h)ved 
habiermi ainadn, they had lovaal 
Future Perfect 

hahre amado, 1 shall have loved 
habrds amada, thou wilt liave loved 
habrd auatd(t, he will hav<* Jov<al 
habrenats auiadff^ we shall have loved 
habrds atuada, you will havt^ loved 
habrdn amada, they will have loved 

( V) N j ) F no X Af, Moo D 
halaia amadn^ I should have loved 
habrias amado, tlion wouldst have loved 
habria amado, he w'ouhl heave loved 
habriamos amado, we should have loved 
habrias amado. you wa)uld liave loved 
habrian amado, t he y would have loved 
SiOi.rirN('TiVE Mood 
Past Indefinite 

, diaija (jmadf>, 1 may have loved 
%fiya8 afmdo, thou mayst have loved 
** haya amado, he may have loved 

pu 


hayamos amUdo, we may have loved 
hayais amado, you may have loved 
hayan amado, they may have loved 

Pluperfect 

hubiera, or hvbiese amado, 1 might have loved 
hubieras, or hubiesfs amado, thou migiitst have 
loved 

hubiera, or hubiese amado, he might have loved 
hubid'atnos, or h ubiesemos amado, w'e might 
have lov(id 

hubierais, or hubieseis amado, you might havt? 
loved 

hubiernn, or hubiesen amado, they might have 
loved 

Fat lire Per feet. 

hubiere amado, (when) 1 sh’,!! have loved 
hubirres amado, thou wilt, have loved 
hubiere, amado, he will have lov<*d 
hubieremos amado, wo, shall have loved 
hubiereis amado, you will have lovetl 
hubieren amado, they will have loved 

Second Conjugation 

Model Verb: Comer, to eat 
Infinitive (Iekund 

Comer, to ('at. romiendn, t'at ing 

Past Vartuti'le 
romido, I'ati'ii 

Indd’ative Mood 
Present Imperfect 

Como, I ('at cotnia, I was eating 

come.'t, thou (‘aU'st comias, thou wast eating 
eotne, h(' (‘ats comia, he wais eating 

comermis, we eat c >miamos, wo wore eating 

comcis, you (‘at c imiais, you w'ei'e eating 

comeu, tliey (^at comian, t hey w^ere eating 

J*ast definite Future 

vumi, I ate cionere, T shall (*at 

comiste, thou at(‘st c oueriU, thou wilt ('at 
comio, h(^ at(' conierd, he w ill (Xit 

comimos, wc at<' enmeremos, w(* shall eit 

comisteis, you at(‘ comereis, you w ill ('at 

cumidon, tluw ate comerdn, tlu'y will eat 

Conditional Mood 
comer ia, 1 should eat 
comerias, thou w'ouldst eat 
cmuer'ia, ho would eat 
comer kimns, we should eat 
i'omeriais, you would (‘at 
comerian, they would (‘at 

rMPERATivE Mood 

come, (*at (thou) comdmos, let us eat 

coma, let iiiiu eat coined, eat (ye) 

comaii, let tlu^m eat 

SnuuNOTivE Mood 
Present 

coma, T may (‘at comdmos, we may eat 

ror/m.A\ thou in ay steal co metis, you may eat 
coma, h(^ may (xtt coman, tlu^y may eat 
Imperfect 

comiera, or comiese, I might eat 
conn era or comieses, thou mightst eat 

coinkra, or comiese, he might, oat 
comieramos, or comieiemos, we might eat 
comierais, or comieseis, you might eat 
comieran, or comiesen, they rniglit oat 
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Future 

cornier e, when I shall comieremoSy when we shall 
eat eat 

cornier es, when thou cornier eisy when you will 
wilt eat eat 

comiere, when he will comiereUy when they will 
eat eat 

Remarks. In the first conjugation the accent 
distinguishes identical forms. Kxample : ArnOy 
I love ; anidy he loved. In the first case the 
stress is laid on a, in the second on o. 

In^the second conjugation, ronWy I eat, takes 
an accent to distinguish it from como, as. 

The compound tenses are formed as in the 
case of (lunar with the verb haber and the past 
j)articiple aymido. Example : He. rmnido., I luive 
eaten, etc. 


Vocabulary 

To buy 
To calculate 
To compare 
To devour 
To w'lnh 

'J\3 diMUonstrate 
To remain 
To eclijise 
To edify 
'Fo embroil 
To mufHe 
To empow('r 
To give sentence 
(judicial) 

To fatigue 
To congratulate 
To run 
To (‘liter 
'l\i deliver 
To give sparingly 
The famine 
Th<' skirt 
A ilouiuu5 
T lie lantern, lighthousi 
The luggage 
Tile watch tower 
The short-cut 
The main road 
Tlie village 
Hast^iii 
The jail 
The prisoner 
A jiroblem 
Rrismat ic 
Favourite 
A prophet 
A ravine 
Brittle 

Tlie complaint 
Perhaps 
A parasol 
The Bible 
Biblical 
A parable 
The Gospel 
The evangelist 
To evangelise 
To excavate 


Vocabulario 

( ■ompiar 

(hlcular 

CJomparar 

Devorar 

Dcscar 

r)(‘rnostr;U‘ 

Qiu'darse 

Eclipsar 

Ynstruir 

Embrollar 

Embozar 

Faeultar 

Fallar 

Fat igar 
Fi'licitar 
(Jorrer 
Ent rar 
Eiitregar 
Escatimar 
El harubre 
1^1 falda 
IJn volante 
La lin tenia, e faro 
El eipiipaje 
atalaya 
El atajo 
El camino reed 
aldea 

Prisa (darse) 

IjR edreel 
El .prisionero 
Un probleina 
Prismat i<!o 
Favor i to 
Un prof eta 
Una barranca 
Quebrajoso 
J.ia queja 
Quiza 

Una sombrilla 
La Biblia 
Biblico 
Una parabola 
El ^van^elio 
El evangidista 
Evangel izar 
Exoavar 


Exercise XU. (1) 

Translate the following into Spanish : 

1. I buy meat, eggs, and milk at the farm ; 
the farmer is very honest. 2. I, too, shall buy 
theni there, and we shall also, my daught(*r and 
1, buy fow ls (there), d. Do you (*at many birds V 
4. Yes, we are V(*rv fond of them. b. 1 eat. a 
gr(?at deal of game ; wi^ have bought partridges 
and pheasants. 0. I wish to demonstrate tliis 
problem to you. 7. Tlu^ judge has given semt cnee 
in the lawsuit. 8. Shakespeare’s f.ame has 
rt'ached to tlus imd of the world. 9. That w^oman 
friend of yours is capable of embroiling the 
most unit(‘d family. 10. Driving along the main 
road the carriage upstd, and the coachman and 
the horses were linrt. 11. 'ITiey took the prisoner 
in haste to the prison. 12. Perhaps the doctor 
may eorm^ to see me ; my son eomplains of 
headache. Open your ])araKol ; the sun is 

hot. 14. When th(‘y excavated in the ravine, 
they found a b(*autifid stalin'. 15. The lantern 
(of the lighthouse) of the port of Cadiz is 8t;eii 
very far olT. 10. They have stolen my money 
from my pocket. 17. When wiis this ? 18. 

When I went to buy the Bible for the (dnldixm. 
19. 1 wish yon a happy N(‘w Year. 

Note. Students should now' attcunpt to 
translate the exercise with the aid of a good 
dictionary, sueh as tJie new edition of Velasipn*// 
Spanish Dictionary (published by Ibu*b(.*tte, King 
William Stri'et, Strand. IDs. tkl. net). 


Kxkri’isk XII. (2) 

Translate the follow ing into English : 

1. Los bin'rfanos amahan a su padn*. 2. Los 
estiidiantes aiuaii a su perro. 3. Amare a mis hijos. 
4. No dejes de amar a tu (‘iiemigo, asi lo manda cl 
Evangeim. 5. (’omari eon nosotros. 0. Coin- 
eremos eon Yds eon mucho gusto. 7. ITi e.iego 
no lU'cesita vi'i* paia comer. S. Es mejor reir 
(|ue llorar. 9. (lano su ])k‘il(), y dio iina gran 
coniida. 10. Los sordos mudos pueden hablar 
eon los dedos. 11. El actor d(‘elam6 muy 
bien. 12. Los eanario>5 cant an, y los perros 
ladran, 13. Cuando vamos al huerto comcnios 
fruta. 

PROSE EXTRACT X. 


From “P]l Buey Suelto ” (The Unyoked Ox). 
By Jose de Pt'ieda. 


Grant me, reader, if 
you havt^ no ohjcetiori, 
that when a man has 
been accustomed from 
his earliest years to 
have the ordinary and 
most pressing needs of 
life supplied as if by 
magic, he is well on the 
way to be an egoist. 
This does not prevent 
the man wdio lias won 
the goods he enjoys in 
a fterce struggh* with 
Fate from being an 
egoist also. 


Ck>ne(‘dame el lector, 
si inal no le pan'ce. 
qiie euaiido un hombre 
ba vis to d(}sde quo 
empezo a serlo, 
satisfechas c.omo jxir 
(*nsalmo las mas com- 
nnes y p(;nmtorias 
neeesidades de la vida, 
tiene mucho adelan- 
tado para ser egoista. 
Lo enal no se opone 
a que tambien lo sea 
el que ha gaiiado el 
bien (jue disfruta en 
guerra encarniztida con 
la suerte. 
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Is that to Bay that 
egoists abound, that 
the species varies 
with every specimen? 
Agreed ; but it will be 
well to draw a distinc- 
tion between the castes 
iw regards the subject 
of these rcHeetions. 

He who is s(‘lfish 
beea\iso he has l)ec‘n 
made so by the ill -usage? 
of Fortune, In? who 
devotes himself to his 
own enjoyment as a 
reward for hygonehard- 
shij)s, tiuds an excuse 
in this, and a perennial 
delight in (comparing 
the smiling present wit h 
the anxious past. Thus, 
imagination do(?s not 
beguile him, changes 
cannot bewilder him, 
ni?ither is he “ the 
slave of habit,” ac- 
cording to the i)opular 
saying applied to those, 
waverers who deplore 
imaginary evils from 
ex(;e8S of good. His 
course lies clear before 
him and lie follows it 
firmly, without any 
risk of stumbling into 
iTror from the very 
fact that ho has no il- 
lusions to light t he way. 

'.rho case of Clideon 
is very different ; he is a 
type which includes ail 
kinds of egoists who 
ought not to be so, 
even from sellish mo- 
tives. 

To tlu'se g<mtlemen 
J address iny tale. 1 
speak to you ; to you, 
who, eager to avoid 
mat erial annoyan(?es,fIy 
from the imist legiti- 
mate joys of the spirit. ; 
to you, jirodigal of your 
substance, when it is 
a case of pampering 
the body and niggards 
of it when your soul 
leq Hires a halfpenny 
purchase joy. 


I Querra decir esto quo 
los egoist as abundan, 
y quo sus especies 
varian on cada ejemp- 
lar ? Enhorabuena, 
pero conviene distinguir 
el easo para el objeto 
de (‘slos apuntes. 

El que es egoista 
isiripie asi le hizo (?l 
desden de la fortiina, 
<*l <pie se consagra al 
propio regalo como 
en rt'conqieiisa de ])as- 
adas fatigas, tiem? (ui 
<^stas la diseulpa, y 
jierenne delei to en la 
eomparaciioii del pro- 
sente ruiseho eon el 
ayor ungustioso. De 
este modo, ni la im- 
aginaendn le si'duee, 
ni las vacilaci(>ne.s le 
marean, ni el vicio le 
wala, eomo el vulgo 
dice de los indeeisos 
quo Horan sonados 
males por (‘X(u?so d(‘ 
bienos. Lleva su 
rum bo bien trazado, 
y camina con pic firmo, 
sin (?l riesgo de tropezar 
en desengafios, por lo 
mismo qne no se aluiu- 
bra con ilusiones. 


Otra oosa muy dis- 
tinta es Gedoon, tipo 
en que se re.suiuen 
todas las espt'cies do 
egoist as que no de- 
bieran sorlo, hasta por 
razones de egoismo. 

A estos sehores en- 
derezo mi ouento ; eon 
vosotros hablo ; eon 
vosotrus, los que afan- 
ados en evitarlo desa- 
zones de la inat.eria, 
huis de los mas legiti- 
mo.s gooes del ospiritu ; 
con vosotros los que, 
prddigos de la hacuenda 
cuando .se trata de 
rogalar al cuerpo, sois 
avaros do olla si cl alma 
os pido un obolo para 
adquirir un rogoeijo. 


Jos6 do Pereda (1834), 
a master of the pro- 
vincial novel, re- 
nowned for his power 
of descript ion • and 
realistic pictures of 
peasant life in tiie 
mountains. The novel 
of which our extract is 
the opening is a satiri- 
cal history of the 
miseries and misadven- 
tures of an old bachelor, 
jiartly intendcnl as a 
rejily to Balzac’s novel 
“ Petites .Misen's di* la 
Vi(» CVmjiigale.” 


Jose d© Pereda (1834), 
pasado maestro en las 
novelas provincialas, 
afamado por su poder 
descriptive y pinturas 
realistieas de la vida 
aldeana en la montaiia. 
La TU>vela de la cual 
nuestro oxtracto es el 
])rineipio, es una liis- 
toria satiriea de las 
mis(*rias y des Venturas 
de un soltero viejo, en 
parte eserita eomo (pon- 
tes tac ion a la no vela 
de Balza-e. “ Petites 


Miseries dc* la Vie (.'on- 
jugale.” 

Key to Exercise XI. (1) 

1. El amor al dincro trae la avaricia. 2. El 
ser prodigo no es siempre tenor earidad. ,3. Lif, 
actividad vence la iipatia y la pereza. 4. El 
s(U‘ ilusivo es toner poca eoncieneia. 5. La 
ineredu lidad es una triste cosa. (i. La curiosidad 
demuestra una imaginacion y) 0 (;o oeupada. 7. 
La desesperacion no es cri.stiana. 8. Muchos 
hablan, ])ocos son eloeuentes. 9. El entusiasmo 
hacc el hornbre lH'rdi(;(). 10. La eiTidioion no ea 

si<?mpr(? .sabiduria. 11. T.,os <‘('los hacen la 
desgracia de los eelosos. 12. El (jelo (?s una 
virtud. 13. La gratitud demuo.stra nobles sonti- 
inientos. 14. En el peligro la pres(uu;ia de 
c.spiritu vale muelio. 1,3. El remordirniento no 
remedia cl mal hecho. 10. La iiecedad es 
siempre orgullosa. 17. La vanidad es tonta. 

18. 1^ ociosidad (‘S rnadre de todos los vieios. 

19. El aseoes unagraneualidad. 20. El desaseo 
es de.sagraflal)le. 21. El pensamient.o es dado 
al hornbre para guiarlo. 

Key to Exkrclsk XI. (2) 

1. 1 am .aged. I am an old woman. 2. We 
are hungry. Eal bread and imvit. 3. They 
are not guilty ; I am guilty of this crime. 

4. I am ashamed to have .'='pokt!n against my 
neighbour. I am ashamed ! 5. They are 

right, I am reasonable. 0. I am tliirsty. 

Drink water and wiiu*. 7. Let us hav(‘ 

patimice. 8. Thou art a fool to talk tbus, 9. 
She is a beaufiful woman, and has money. 10. 
We are fortunate to have such a celebrated 
father. 11. They will be punished for their 
crimes. 12. He would be a man of talent if he 
were not so vain. 13. Thou wast amiable to 
sing. 14. He is a braggart and a liar. 15. LeW 
us have courage. 16. Originality in a man of 
kdlers is a great quality. 17. Lote of liberty is 
natural to man. 18. Insolence is unpardonable. 
19. It is well to ascertain the truth. 20. Exag- 
geration sometimes amounts to falsehood. 21. 

It is well to count one’s money before spending it. 

Continued 
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ammonia ; while for alloys with much zinc, 
potasli is the best reagent. In fact, numerous 
etching liquids are available. 

It is sometimes an advantage to polish in bas- 
relief. When a complex body is polished, its 
diiferent constituents tend to wt^ar away un- 
equally, and it is possible, by placing it in con- 
venient positions, to sliow the structure by the 
unequal rtjlief. 'Po do tliis, tin; section is polished 
on a bed elastic enough to bring out the tinest 
details, such as pai’chnuait on soft wood, iwid 
moistened with wet rouge. Another inothod of 
jKilishing is known as jxdish attack, Tliis consists 
of n(l<ling to llu? polishing pad so?ne liquid which 
exerts a sliglit <*hemieal action when assisted by 
the friction of the rubbing. 

Heat Tinting. Ktching polisluid metals 
•with corr(»sive li<|uids is more or less liable to 
lead to the confusing of llu? constituents and 
crystalline stru(;ture. Willi feeble etcliing the 
cornpijiieiit fiarts are, as a rule, revealed ; witli 
strong etcliing the granular, aiul often the 
crystalline structures, are (h^vc^lcqied. By heat- 
ing polished sections at ditfereiit tempiirat.un\s 
the constituents become dilTerently coloured by 
oxidiition films, and may t)ier<‘fore be detected. 
This has the aflvantagc over eti-hiiig, that 
none of the nuital is dissolved, an<l tlie surface 
remains Hat. 

The Microscope, h very simple form of 
microscope is all that is necessary for examining 
metals, but the lenses must be of good (piality. 
Tlic objectives must give a Hat field, should be 
achromatic, and should possess clear detinition. 
A buirs-eye eoiidensor is required for eoji- 
densing the light on to the object., or on to 
the vertical illuminator. 

Tlic most useful objectivt^s are 1 in. and } in., 
which giv^e maguiti cat ions from 50 to 200 
diaimjters. Two kinds of illuminators are in 


use, termed respectively oblique and vertic4il 
illuminators. In the former, the miiuoscope is 
generally tilted at an angle, and the light thrown 
directly on the object, which retlects it to 
the eye. For vertical illumination a piece of 
glass is arranged at an angle of 45 dc^grees, so as 
to reflect a horizontal beam of light on the object, 
which then retlects the light vcTtically up the 
tube of the microscoiH? to the eye. Instead of 
the piano glass reflector, a right-angled prism 
may be used. It is fixed in a brass mounting, 
ana may be placed just above the objective, or 
just under the eye-piece. 

Iron and Steel. Wrought iron is com- 
iK)sed of three chief parts : tJie crystals of iron, 
termed lerrite, the carbide of iron, termed 
'emerUite, and the included slag which imparts 
to iron its tibro\is structure. Cast iron is of two 


chief kinds — namtHy, grey Civst iron, consisting 
chujfly ferrite and graphite ; and white cast 
no free ferrite, but iron com- 
nuiM wab earbon in a form which imparts to 
structure and great 
composed of different com- 


which is an intimate mixture of ferrite and 
cementite in alternate laminae. When the steel 
contains just 0-9 per cent, of carbon, the whole 
mass is coni{K>sed of pc^arlito, with no free crystals 
of fen‘ite. This is termed the entectic mixture <, and 
the iron is said to bo saturated with* carbon. 
When the ste(4 contains over 0*9 per cent, of 
carbon, it consists of crystals or grains of pearlite, 
.surrounded by a network of cementite, which 
hardens the steel according to the quantity 
jiresent. 

A section of puj’o iron, wlien polished and 
etched in dilute nitric acid, is seen to consist of 
iiT(‘gular -shaped grains or crystals. Two dis- 
<linct iypt^s arc giaierally obstuvod : (1) smooth 
and briglit areas consisting of pure iron (ferrite) ,* 
ancl (2) greyish rough areas of a wavy or mottled 
appearance, being more readily attacked by nitric 
acid. Wlion (‘arbon is prestMit the crystals of 
ferrite are surround(id by a matrix of pearlite, 
which encroaches mort? and more on the ferrite 
as the carbon is in(U't‘ased, as shown in the platea 
following pages 2930 \ 2 and 3J. Tht^ pearlite 
matrix is seen in the latter to have a character- 
istic banded structure. When the st<‘el eontaim 
about t)‘9 }H‘r cent, of carbon, the whole mass 
consists of. pearlite. When the (carbon is 
inereas<Hl beyomi 0-9 per cent., the fiM’rito crystals 
have entir(4y disappeared and have been re- 
placed by p(‘avlite ; the (excess of carbon over 
0‘9 per cent, then appears in combination with 
iron as fret^ cc^montitc, as seen in 4 . These 
t,hre(^ rcqjresimt the sit'd in the normal 

stat(\ 

Effects of Annealing Steel. On 

anm^aliiig steel a change is produced in 
tlu^ pliysical proix'ities, and this change is 
eoineulent with a tfliango in structure. By 
annealing is meant/ heating to a certain elevated 
temperature and cooling slowly to the ordinary 
temperature. The elTect on the micro-structure 
by annealing is seen in 5 and 6. The change? 
which have been produced occurred mainly ii> 
the ferrite, but the peailitt? has become more 
granular. The elfect of annealing high carbor 
steel at G20‘’ 0., as seen in 7, is chiefly to sharppr. 
the outline of the eementiU^. The above remarks 
^PP^y 10, but the effects are 

intensified by t<hc long soaking or annealing foi 
12 houi*s, the cementite and pearlite being very 
well defined in 10. In all the sixjcimens Which 
have bec*n described the white parts roprasont 
ferriU^ and cementite respectively, and the 
darker parts the pearlite. 

Malleable Iron. Malleable iron castings 
consist of white cast iron which has been sub- 
sequently annealed in iron boxes packed with 
hamiatitc. The carbon in the castings before 
annealing is chiefly in the combined form, as 
cementiU'/, and this undergtHJS a more or less 
complete change in the process of annealing. 
Some of the carbon is removed, but the greater 
part ^remains as ^aphite. On the outside of 
the casting the cart)on is oxidised by the 
oxygen of the haematite, leaving ferrite. 
the other hand, there is a store of carbon 
towards the centre of the bar in the form of 
amorphous graphite, which is continually re- 
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I'atrburiBing the ferrite by solid diffusion. Thti 
structure of the outside, intermediate and centre 
of the casting, is seen in 11, 12 and 13. 

Copper. The micro-structure of copper 
varies with the mode in which it has been pro- 
duced. ‘Electrolytic copper is confusedly crystal- 
line. Pure copper consists of irregular-shaped 
crystal grains with very tine and sharp bound- 
aries. These crystal grains increase in size 
according ‘to tlie slowness of cooling Small 
seconchiry gi-ains are often built up from the 
larger ones. Pig. 14 is the top of a button of 
copper. When co})per is rolled or hammered, as 
in 15, the secondary grains are elongated in tlu? 
direction of the rolling, and finally may b(H*omt‘ 
so attenuated as to break down. Annealing 
tends to release the strain and allows the grains 
to rearrange themselves. Eig. 16 is copper foil, 
etched in nitric acid, and shows tine elongated 
grains. 

Tin. When an ingot of ])ure tin is cast, it shows 
a briglit surfjUM', but if iin])ure, the surfa(‘e shows 
a structure of dciidrit ic crystals. If the stirfat es of 
the ingots lie otchod, they are seen to be coarsely 
graiiukir. Pig. 17 is from th(» base of a very thin 
sheet of tin cast on stone. Pig. 18 shows a piece (»f 
hammered tin, by oblicpie illumination, etched 
with dilute nitric acid. The original stru(‘tiue 
has diaappi'ared, and a finer erystallisation has 
taken its plac<‘. Annealing causes a growth of 
the (uystals. Pig. 19 shows the stnietiue of tin 
after annealing. 

Zinc. An ingot of zinc; shows chsulritc'S 
similar to those of lead and tin. Pig. 20 shows part 
of a dendrite on the surface; of metal cast on 
stone. Iliere are thr(;e main axes. 

Aluminium. On tlu; si(l<*s and base of a 
bar of filumininm, whcTC it has cooled in eontaet 
with the mould, dendrites of a loaf- like form are 
seen, and in 21 are sc'vc'ral of these d<‘ndrites 
which are the centres of crystallisation. 

Lead. (Vist lead exhibits a dendritic struc- 
ture, and the dendrites arc' tlic skeh'tons of grains 
or primary crystals. In 22 tlu* s<'Co!idary crystals 
arc seen. ^Phis siirfac*e was the last to solidify 
in an ingot cast in stone. Etching brings out 
the primary crystal lisatiem very distinctly. 

Pla^tinum. Pig. 23 shows dc'iidritc's on the 
surface of a platinum button. MMicy c’ousist (.>f 
two. axe^ at right angle's, and form skc'letc'ris of 
tho crystals, as in the; case of the metals mc;n- 
tion^ abovt;. 

Silver. Fig. 24 shows the surface structure 
of an ingot of silver. Three or more; primary 
crystals are seen tc^ be built up of numerotis 
secondaries, possessing distinct orientation. 

Gold. Pure gold crystallises in hexagonal 
crystals, whit;h are built u}) of secondary crystals. 
Fig. 25 shcjws some of the; dcndriU;s met with in 
a slowly-cooled gold button. Rolling breaks down 
the primary crystals, producing a finer structure. 

Alloys. Wlien two or more metals are 
made to unite; permanently, the resulting body 

t^ermed an alloy. When mercury is the chief 
constituent tho alloy is termed an amalgam. 
Comparatively few of the metals possess such 
properties as render them suitable to be used 


alone by the manufacturer, but most of them 
have important applications in the form of 
alloys. 

The condition of an alloy in the liquid state 
may be (1) either a solution of one metal in 
another; (i2) a clieruical compound; (3) a 
mechanical mixture ; (4) a solution or mixture 
of two or all of the above ; and similar differences 
may obtain in the solid state. A solidili('d solu- 
tion i.s illustrated in the alloys of lead and tin. 
(■opper and tin prodiu'e a chemical compound 
(SnOu.;). Lead and zinc* form an example of a 
mechanical mixture. 

Tlio general effect of alloying metals together 
is to increase the hardness, lower the melting 
point and <*onductivity, and otherwise to modify 
the propertic's of the separate metals. An 
illustration of the liaich'uing ])owcr by alloying 
is sec'ii in tlu* ease; of standard gold and silver ; 
of the lowc'i iug of tlu* melting i)oints, in the case 
of fusible* alloy ; and tlu* (*lass of alloys known 
^^s brass forms a good objt*ct-k*.ssou in varying 
chang(‘s of colour producc'd by alloying. 

Properties of Alloys. M<*tals may be per- 
fectly alloyed togt‘thei* when in the Jifjuid state?, 
hut when poured into a mould tluao is often a 
tendeuey for tlu; const it ut‘nts to separate, 
causing the nuins.s to he luui-liomogeneous. The 
rc‘ason of this is that tlu* addition (ff one metal 
to another produ(‘t*s an alloy, the solidifying 
point of which is often lower than it sliould ho 
ac<*orcling to calculations based on the fusing 
points of the* s<*parate m(*tals. One particular 
mixture has a low(*v fusing ])()iut than any other 
possi])lo mixture of tlu* m(*tals employeU, and 
this is ternu'd tlu* ftttvrfir alloy of tlu* series. 
Apart from true clu'inieal eomf>ounds, a fluid 
mixture of two metals begins to dc'posit its less 
fusiblt; constituent first, and as tlu* temperature 
falls, more and more of lliis constituent will be 
clej>osit('d. tlu* other ('lemeiits reniaijiiiig in the 
fluid portion until it has a(*quired tlie (.‘Utectic 
conlposiiion, when it. will solidify a.s a whole in 
the spaces left between the already soliditied 
particles. 

Tlu; more slowly an alloy solidities, the greater 
will Im; this tendency to separate; into two or 
more portions. Se])aration in the early stage's of 
cooling may be partially prevented by inec'hanieal 
agitation, such as stirring with a rod and by 
pouring into a cold mould. In some cases 
the difference in the fusing jK)ints of tlu? general 
alloy and the eutec'tic is so gr(;at tliat they may 
be largely separated fr<?m each other by pouring 
off the still liepiid alloy after the other portion 
has solidifltxl. An alloy of silver and lead may 
be separated from copper in this way. 

Preparation of Alloys. The usual 
method of preparing alloys is to melt the metals 
together in a crucible or furnace, but they may 
in some cases be ]?r()du(;ed by strongly compres- 
sing the metals together in the form of powder. 
Certain alloys, such as gold and copper, or copper 
and zinc, may he made by electro-deposition. 
l.«arge quantities of alloys, chiefly those of iron tind 
the rarer metals, are miide in the electric furnace. 
Aluminium alloys are also made in this way. 
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By the thermal method it i» uaual to melt the 
metal of highest fusion point first, ^nd then to add 
the other constituents. Brass, consisting of copper 
and xinc, may be taken as an example. The coppi^r 
is melted first because it has a much higher melting 
point than zinc, and the latter is also very volatile. 

Alloys generally have properties differing 
from their constituents, and some alloys have 
these differences very strongly marked. Thus, 
if a very small quantity of arsenic 1x3 added to 
tin, tlie resulting alloy will have a crystalline 
fra(;ture closi^ly resembling zinc. Sometimes metals 
combin(3 with evolution of heat, and sometimes 
witli an absorption of heat. The following metals 
evolve heat wlien tb(*y are united — aluminium and 
copper, platinum and tin, arscinie and antimony, 
bismuth and lead. < )n the other han<L lead and tin 
when they unite absorb lu^at. Metals arc capable 
of diffusing into each other if (im* of tlu'iu 1x3 kept 
melted and the otiu‘r in the solid state. 1’hus, 
if molten lead be kef)t in contact with gold or 
f)iatinum, some of the gold or platinum will pass 
into the lead, and some of the lead will pass into 
the gold or platinum. Similar results occur with 
tin or bismuth. 

Copper Alloys, (\3pper forms with other 
metals a numerous serii's of alU)ys, and is 
valuable on account of its rod colour, high 
malleability, ductility, softn(‘SS, tonacuty, and 
toughness, which properties it imf)artH in a great 
measure to many of its alloys. Of t)ics(3 tlx* most 
important is brass, wliieli is an alloy of copper 
and ziiX3. Those <‘onstituent metals may be unib'd 
in all proport i(.)ns, forming alloys of a r<‘d or yellow 
colour, and other properti<‘s, according to the 
amount of copper pn'sent. The best varieties are 
exee<‘diiigly malleable and ductile, harder than 
copper, <3asily worked, and liav(3 a lower melting 
point anrl higher tenacuty. The eornpositiou and 
protx;rtios are shown in the following table : 


Bra.sH or brazing solders are used for joining 
parts of brass articles together. The solder must 
have a lower molting point than the metal to be 
aoJdt‘ii^, and the alx)ve table clearly indicates 
the^ different tem|K3ratiire8 for fusion. Some 
varieties of brass contain iron, which increases 
tlie str^gih, hardness, and tenacity, but 
cLimiipsh^ the ductility. 
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Brontre* Bronze is an alloy of ^pper ai^ tio* 
but lead, zinc, nickel, manganese, iron, or silicon, 
is often added to produce certain effects, onto 
reduce tlie cost. Zinc in small quantities makes 
bronze harder. Iron and manganese also harden 
it. Phospbonis and silicon are used as so- 
called dcoxidisers, influencing the removal or 
solution of gases, thus making the alloy more 
.sound and compact, and forming hard, dense, 
and tcnfM?ious alloys. Sulphur and antimony 
tend to make bronze britt le. Arsenic acts much 
in the H<ime w'ay as phosi»liorus. 

1110 physical properties of bronze depend on 
the composition, mcKlo of manufacture, mecha- 
nic U treat nx'nt, and vat <3 of cooling. Starting 
with pure tin, tlio hardnc.ss increases with the 
adtlition of coppiT up to '15 per cent., and from 
this up to 73 per cent, the alloys are exceedingly 
brittle ; Ix^yond tliis the hardness diminishes as 
the copper increase's. The alloy with fi2 per cent, 
of copper (SnCii j) is distiiiguislied from all the 
ro.st by .several cliaracter.s ; it pre.sents tlie same 
homogeneous composition after rcx>eated fusion, 
is peculiar in colour, has the highest density, 
exhibits tlie greati'st (h'grce of contraction, 
and is so brittle that it can bo powdered in 
a mortar. 

Minor Alloys with Copper. Gun^ 
rnetnl (‘ontains 8 to 11 pi'i* cent, tin, and the rest 
cop]>cr, but it frcquimtly contains zinc in addi- 
tion. Bell Metal contains 7fi to 80 per cent, 
(‘oppi'i’ and 20 to 24 pci' (3cnt-. tin. Small btdia 
are also imwie of brass. Specvlum Metal con- 
tains 08 to 70 per cent, copper, and 32 to .'10 per 
cent. lin. 1( is white, takc'S a beautiful polish, 
and was formerly used for mirrors. 

Sp(3( ial bronzes arc made witli or without 
tin. Phofi phor-hronze is gun iuotal to which a 
little phospJiorus has been added. Aluminium 
bronzes are alloys of (topper and aluminium, of 
which the alloy with 10 per 
(3ent. aluminium is the 
st rongest-. It has a gold 
colour, takes a high polish, 
and is very hard, malleable, 
and tenacious. The addition 
of 2 to 3 per cent, of brass 
increase's its tenacity and 
renders it less liable to oxi- 
dation. Aluminium brass 
contains 2 parts copper, 
1 part zinc, and 2 per cent, 
aluminium. 

Manganese Bronze is brass 
to whicli 2 to 3 iX3r cent, of 
manganese is added. The 
manganese in ordinary bronze 
is added in the form of ferro- 
inanganeae. This necessarily 
adds to the alloy 15 lb. 
of iron for every 80 lb. of manganese intro- 
duced. 

Silicon Bronze is ordinary bronze to which 
1 to 2 per cent, of silicon is added. 

NIcKel Alloys. German silver is an 
alloy of copper, zinc, and nickel. It is used as a 
substitute for silver, and as the basis of electro- 
plated wares. The properties which makb 
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TeimiU* 

JWfltini; Pnmt 

Niiiia*. 

('ohiiir. 

CopHiM’ 

Zinc. 


T«jin» per 
.“• 1 . in. 

in Dcv'I'o'H 
Cciitignnlc. 

Oildin^ Mi'tal 

Red 

SO 

0 

_ 

13 

1,000 

Kin<*]»lu*fk . . 

Red Yellow 

tK) 

8 

(Lead) 2 

12 

1,040 

Oreiflo 


90 

10 


12 

1,060 

Talini GoUl 

Gold 

91 

8 

(GoUl) 1 

12 '5 

1,065 

Rich Sheet I3niwt< 

Yellow 

84 

10 

14 

1,016 

Bath Metal 


80 

•20 

— 

14 

1,008 

Dutch Mt'tal 


7« 

24 

— 

13 

980 

Bristol Brass . . j 


73 

27 

— 

13 

960 

Wire Brass 


70 

30 


13 

940 

Mosaic Gold 

Full Yelloxv 

«7 

33 


13 

918 

Muntz Metal 


00 

40 

— 

20 

890 

Delta Metal 


68 

39 

(Iron) 3 

30 

900 

SteiTo Metal 

^ J 

oft 

42 

2 

— 

— 

Brass Solder 

Light Yell. 

50 

50 

— 

9 

880 


Wliite 1 

48 

52 

— 

8*5 

870 

Lap Alloy . . j 

Grey 

12 

88 


2 

600 
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German silver so valuable are its white colour, 
lustre, hardness, lena(;ity, toughness, malle- 
abihty, ductility, and power of resisting certain 
chemical influences. WJien carefully prepared, 
it works well under tlie liammer and stamp and 
between th(i rolls, hut it is advisable that the 
metals used in alloying should ht* as pure as 
possible, since small quantities of inipuritit's, 
8uch as antimony and bismuth, seriously injure 
its working properties, (.’obalt is sometimes 
added to (lerman silver to th(^ amount of 2 to .*1 


pew cent., and improves the colour of the alloy. 
The following proportions make good working 
alloys : 


Copper 

. .52 

54 

54 

.5f. 

58 

00 

00 

Nickel 

. 20 

IS 

Ifl 

14 

12 

10 

s 

Zinc 

. 28 

2S 

30 

30 

30 

30 

32 


German silver is made in <wiu*ibles by melting 
the requisite amount of a 50 per cent, eupro- 
nickel alloy, and adding tlu' requisite zinc in IIk^ 
form of brass eontaining equal parts of coi^per 
and zinc. 

German silver is larg(^ly used by electricians 
for standard electrical Resistances l)eeausc it has 
a low condiKtlivity, and becaTist^ the eojuluctivity 
is not greatly atfected by modei ate differences in 
temp(‘.ratun\ Platinoicl, the* elect l ic^al resistance 
of which is singularly constant through consid<*r- 
able ranges of temperature, is a ( h'rman silv(*r 
containing 2 per cent, of tungsten. 

Giquo-nickol, containing 75 parts copper and 
25 parts nickel, ia used for small coins, and an 
alloy of 80 parts copper and 20 parts nickel is 
employed for making projectiles. 
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1 Britannia Metal. .91 Tin 

. .7’r) Antimony . . l*r>Cor»por| 

P(}wt<'r 

..SO „ 

. .20 Load 

- - 

Fine Solder 

.. 2 

.. 1 „ 


1 Plumbcr’a Solder 1 ,, 

o 

• • •*' >> 
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Typo. Metal . 

. 72 Lead 

.. 1 8 AntiinuJU . . 10 'Pin I 

»♦ >» 

. K2 „ 

.. ir, 

. . 3 „ 

Bearing,, 

. 84 „ 

.. 10 



. t;o „ 

20 

.. 20 „ 

Shot ,, 

99-7 „ 

. . 0’2 to O*.*! Ai’scnio j 

1 BISMUTH ALLOYS | 

1 Xowton’s. .TiO Bis.. ..’1 1 Lea<l . . 19 'riii. 



Rose’s . . ftO 

„ ..28 


— 

Wood’s ..TiO 

„ . . 24 

„ ..14 . 

. 12 Cadmium 

Lipowitz’s 50 

„ ..27 

„ ..i:i „ . 

.10 

* 
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1 Gold Coin.. 91 *67 Gold.. 

8 -.‘1.3 Co})por (Brit. Standard) 

„ ..90 

„ 

10 „ (American „ ) 

1 Silver „ . .92-5 Silver. .7.5 „ 

(Standard) j 


Refractory Materials. When a material 
is capable of resisting high temperatures without 
melting, softening, or decomposing, it is said to 
be refractory. Such materials are essential in the 
construction of furnaces in which most metal- 
lurgical operations arc conducted ; at any rate, 
refractory bricks and materials arc required for 
the interior, where a high temperature prevails 
and tlio scouring action of metallic oxides liavo 
to be resisted. Refractory materials are used 


in the natural stale, such as quartz, sand, 
alumina, oxide of iron, lime, magru^sia, and 
fire clay ; or they undergo a preliminary prepara- 
tion before UvSe. 

The degree to which a substance is refnictory 
dep(‘iu!s f)n tlie eireumstanoe.s under wbicli it is 
employed, and chiefly on tlu^ substanc(‘s with 
whieh it is brouglit into contact. For instan(?e, 
silica (sand) lieated alone to a very high tem- 
})erature does not (;ven soften, but if brought in 
eont<aet with a base, such as lime or oxide of 
iron, union tak(‘S })l;u*e with the formation of a 
fiisihh^ silicate. Again, many substances are. 
eapable of resisting a very liigli temptwature if 
gradually rais(‘d to it, but liav(' not tlur power 
of resisting sudd(ui changes of temperature, as, 
for instance, when a eold crucible is suddenly 
X)laced in a hot fuinacc. 

Silica and Alumina. Tn the form of 
quartz, silica is able to resist all ordinary 
furnace temix'ratures, and coarse graiiu^d saml- 
stone.s, s»i<*li as millstone grit, are frequ(*ntly 
advantageously used. WhiUi sand is very refrac- 
tory, and is a valuable material for fiii’iiace 
lining, for the beds of reverberatory furnaces, or, 
mixe(l with refract oiy <'lay, to form silica bricks 
for the roofs. Jitjclc, found in the Vale of 

N(‘ath, contains .about b7 per cent, of silica, and, 
W'h(‘n x)owdercd and mix('d with a little lime or 
clay to make it ooIhuh', is j)resscd into bricks. 
'J’hc‘se resist very high tonqxa’atures, and arc 
especially useful for the arches of reverberatory 
furnaces, as tlioy expand with heat, but they 
w'ill not withstand the corrosive action of 
metallic oxides. (lanistvr is another siliceous 
material, largely used for lining Bessemer con- 
verters, and founrl in the low'cu* coal measures of 
Yorkshire. It difters from Dinas rock in having 
the ]) 0 wer of binding together wlu'u mixed with 
W'ater. Natural silici'ous stones are occcasionally 
\isc*d for the Ijcarths of blast furiuwx‘S and similar 
juirposes. 

AJuwinAi is as infusible as silica, but is rarely 
found in naturo in a juire state. Bauxite^ which 
occurs in several lo(raliti(‘s in Frane(\ consists 
chiefly of alumina .and oxide of iron. It is highly 
refractory, owing to tlu* aluminate of iron that 
forms at high tem[)(n’atur(;s being very infusible. 

Lrime and Magnesia. Lime ami Magnesia 
arc practically infusible bodies, and strongly 
basic ill charae.ler, but readily form fusible 
eom]Kuinds with silica. These ()xid:"S occur as 
dolomite y from which material the lining of 
basic furnaces is pri'parc'd. Dolornile consists 
mainly of carbonate of lime and magnesia, 
unlike ordinary limestone or chalk, and .after 
it. has been very strongly ealciii<*d it c.an bo 
reheated and cooled as oft<m as l equinxl without 
crumbling. Tluj most suc(x*ssful method of 
utilising dolomiti^ or magnesium limestone is to 
lire it strongly, And then to grind it fine .and mix 
pit<?h with it. The bricks made from this 
mixture are then strongly fired. Such bricks 
shrink considerably during firing, which gives 
them a more or less curved form, and they have 
to bo set with similar material, w^hich is very 
difficult to fire satisfactorily. In consequence of 
this, the calcined dolomite and pitch are made 
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into a Rlurry/* or liquid masft, and run into a 
mould of the required size and shape, then con- 
solidated heat. 

Clay. Fireclay is essentially a hydrat^od silicate 
of alumina, with varying amountii of lime, ma"- 
nc^sia, oxide of iron, alkalies, and some free silica. 
The plastic property w^hich clays possess is diie to 
the chemically combined water. All clays have 
been derived from the disintcf^ration of felspars, 
which occur in igneous and some stratified rocks. 
The (?haracl,er of th<^ <'lay mainly defxmds on the 
nature of the rocks from Avhich it originated, and 
to the ext (‘lit to which the r<‘lspar has been 
docomjiosed. The TefriX‘>tory power (le]){‘nds on 
its freedom from oxides of lime, magru^sia, oxide 
of iron, and alkalies. 

Pure clay may b<* said to (;onsisl of alumina, 
silica, and Avalcr, re]U‘esenied by the formula 
Al._.0;j, 2Si()o or a})proximately 4t) 

silica, 40 alumina, and 14 ])er cent. wat(‘r. The 
best china clay Inis v<‘ry m^arly this composition. 
The composition of fireclay ranges from 50 to 
55 per cemt. silica, to :i2 iier cent, alumina, 
2 to 4 ]ier cent, lime, magimsia, etc., and 10 to 15 
per cent, water. If raw clay be moistened with 
w<at(*r, it (!an b(^ moulded to any desired shape, 
and preserve its form aftcu* drying and baking. 
If, liowcv(‘r, tbe baked elay be crusluid up and 
again moistened, the plasiif^ property will bo 
' found to have disappcanal, Ixaiiiust^ the bidiing 
at a high temperature has (dreetually remov(*d 
the chemically combined water, 

Refractory Materials. Refractory 
materials may be class hi (jd as acid, such as 
quartz and Dinas rock ; ncuiral, such ait 
graphite and chrome iron ore ; and hasic^ 
such as dolomite, lime, oxide of iron, ct<% 
In furnace construction, a basic? mat-erial iiaa 
been found in many cases, especially in steel 
making, a great advantage for the bed or bottom 
of a furnace ; but basic bricks, as already 
explained, ivould not bo suitable for the roof 
arches, because of their contraction on being 
heated. Hence it is necessary to build the root 
with acid bricks. If acid and basic bricks touch 
each other, a mutual combination is likely to 
occur at high temperatures, so they are generally 
separated by a course of neutral 
material, of which chrome iron ore 
has been found very effective. 

Firebricks are mostly made of fireclay 
mixed with quartz or burnt clay. The 
mortar for setting firebricks is prepared 
from the same materials as the bricks 
themselves, or from good fireclay, be- 
cause Jime mortar would not be suitable. 

Crucibles and Retorts. For 
certain metallurgical operations, such as 
the manufacture of cast steel, the ex- 
traction of zinc, antimony, arsenic, and 
mercury, special vessels are employed, 
in the form of retorts, crucibles, muffles, 
tubes, etc., and these require to be made 
for the most part of refractory materials. 

Crucibles are made of fircsclay, with 
isand, burnt or other infusible 

material, h* as to counteract the ten- 


dency which raw clay possesses of shrinking 
when heated. A good crucible should be capable 
of resisting high temperatures, sudden oh^es 
of temperature, and the corrosive action of 
metallic oxides. It should not bo brittle or 
tender when hot. Some crucibles are required 
to with.stand the corrosive action of metallic 
oxides, and in such cases the clay should be as 
neutral as possible, and not contain free silica. 
Ill order to test a clay as to its suitability for 
resisting high temperatures, it should be crushed 
up fine, siftc'd, mixed witli a proper proportion 
of burnt elay and water, and kneaded to the 
right consistency. A picc<? of the clay is then 
shaped into the form of a prism or pyramid, so as 
to form sharp edges, carefully dried, baked and 
exposed to a high t(‘mperature in a covered cru- 
cible for sonx* time. If very rcfi’cactory, the test 
piece will show no signs of fusion. If the edges 
have become somewhat rounded it indicates 
incipient fusion, and if melted, the clay is useless. 
A similar piec(? should bo tested in a reducing 
atmosphere liy packing it round with charcoal 
in the crucible. In order to tost firtHslay as to 
its resistance to corrosion, the (?rucible may be 
half tilled with copper, which is then melted, and 
a little borax inserted, so as just to form a ring 
round the edge* of the moll(*n metal, and yet 
leave the centre fr(‘(' for oxidation. The borax 
Avill absorb tie* oxide and raf>idly corrode the 
orncible unless it be of excellent quality. The 
behaviour of the (Tueibh? under the weight of 
tlie copper melted indicates the other qualities 
of the crucible. 

Plumbago Crucibles. Plumbago crucibles 
arc niad(? of clay and graphite, in the proportion 
of 51 of the former to 49 of the latter. Only 
certain variet4(*s of graph it<? are suitable, the 
texture being of great iniportancci. The graphite 
is picked, ground, sift(?d, and mixed with fireclay, 
and left for some time to mellow after it has been 
luieaded damp. The crucibk*s arc moulded, dried, 
then burnt in kilns. An oxidising atmo.sphere 
must be avoided to X)revent the carbon burning off. 

The following analyses show the approxi- 
mate composition of British materials used in 
furnace construction : 
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Si(>urbritlKO 

7.*l 

22 

2-4 

0*6 

0-6 

I. 

Nowcassllo 

73 

21 

1-7 

1-6 

0-7 

2 

Penshor . . 

65 

30 

2 

0-6 

0-6 

2 

Flintshire . . 

88 

4*5 

6 

1-2 
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LtMMls 

77 

19 

1*4 

0-6 

0*6 

* 1 

Elhind 

Ganistor bricks — 

62 

36 

1*2 

0*7 

— 

— , 

Lowood 

96 

1 

0*7 

1*3 

0*2 

0-3 

Witton 

94 

1 

1 

2*6 

0-3 

0*3 

Dinas bricks — 
Wales . . . . 

Burnt Dolomite — 

96 

0-6 

0*3 

3 

0-3 

— 

Raisby Hill 
Ganister — 

6 

2 

1-7 

67 

32 

1 

Lowood . . 

89 

6 

1-3 

— 

0*8 

36 

Weardale . . 

8g 

9 

a-7 

I 0-6 

0*4 

l-O 
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Human Vision. The Doubtful Result of the Camera. Prof. Rontgen and the X-rays 

Cuiitiinic.l fr».iij 


By Dr. C. W. SALEEBY 


The Unity of Ethereal Vibrations. 

Rvcrythinjj; goes to sliow that tlu^ one etlie?’ Ih 
idcMjuate, as Faraday ex]X‘cted, for the exj>Iana- 
tion of light and of eleetroniagnotie phenomena. 
Says Clerk-Maxwell : “ "f'he proj)erties of th<‘ 

electromagnet ie niediiim ai*e therefor<*, as far as 
we have gone, similar to Ihosf* of tlu‘ Intihniferous 
medium, but the b<‘st way to eom]>ar(‘ them is 
to determine th ‘ velocity with which an t‘leetro- 
magrietie disturbance would b<‘ pro]>agat<‘<I 
through the medium. If this should lx* equal t() 
the velocity of light wo should have strong 
reason to ludieve that the two media, oetMij)y- 
ing as they do th<‘ sanu‘ s])aee, ar<^ really 
identii^al.” We now know that, as Hertz 
proved, tlu' two vc'locities are (‘(jual. Again, 
Cl(‘rk-Maxwel] go<'s on to recount a, number of 
diiliculties wlueh lie in thi^ way of tlu* nceeptan<‘<‘ 
<»f “ the undulatory theory, in the form which 
treats the })henomena of light as fh(‘ motion of an 
elastic solid.” We cannot do b(*ttei’ than quote 
his own words : 

“ The first and most important of these 
(diflieulti(‘s) is that the theory indicates the 
possibility of undulations consisting of vibrations 
normal to the suvfae<‘ of the wave. The only 
way of accounting for tlie fact that the optical 
phenomtMia which would arise from th(‘sc weaves 
do not tak(; place is to assujne tliat tin* (‘tlier is 
incompressible. 

“ 'Fhe next is that, whereas tlu; phenoimma of 
retleetion are best exj)lai?ied on tJie hy|M)thesis 
that the vibrations are ])erpendicular to the 
plane of polarisation, lh«)se of do\d.)U' refraction 
require us to assume that tlu* vibrations are in 
that ])hine. 

“ The lliird is that, in order to account for the 
fact that in a doubly refracting crystal tin* 
velocity of rays in any j)riiic*ipal plane and 
polarised in that plane is the same, w^e must 
assume certain higlily artificial relations among 
the coefficients of elasticity. 

“ The elect roynagnctic theory of light mt{,s/ie.s 
all these reguirements by the single hypothesis that 
the electric displacement is perpendicular to the 
plane of polarisation.^* 

New Kinds of Radiation. We must 
now turn from this theory of light, which com- 
pletes, perhaps, a magnificent train of optical 
discoveries made in this country from the time of 
Newton onwaids, and must consider one or two 
kinds of radiation, the very existence of which 
was unsuspected until recent times. Of these, by 
far the most important are the Rontgen rays, 
which have proved themselves to be of such very 
great practical importance. But in the first place 
we may address ourselves to the so-called N-rays 
which arc sometimes named after iheir dis- 


coverer, M. Blondlot, of the Ihiivcrsity of Nancy, 
in France. 

Did M. Blondlot See the N^rays ? 

Let us begin in the first place by noting that 
soim? rncasun^ of doubt still (‘xists as to the 
object iv<^ actuality f»f tlu'se rays. M. Blondlot 
luv; a sound reputation as a ])bysi(‘ist, and there 
is no suggestion of fraud in his assertions, but 
for some reason or other there has bei‘n very great 
difiu'uUy on the ]>art of otlier men of s<*i(‘nec in 
obtaining the results which M. Blondlot believes 
hiins<*H‘ to hav(‘ obt aiiK d. M. Blondlot worked at 
tin* subj(‘ct for thn‘c years before lu* made any 
aim()unccm(*nt. A number of French ])hysieists 
eonjirm(‘d the discovery, and a continuous flood 
of papers on the subject- poured into th(^ Paris 
Academy of Sei('nees for some* timi*. Tlio 
N-rays wore promptly hailed a*, proof of “tele- 
pathy,” and it was ho‘ped that, since they arc 
said to b* specially emitted by active nervous 
tissue, they might be utilisiol in medicine. 
Tlu* Blondlot rays are said to pass through 
aluminium or black paper, and, according to 
these observers, (*an be foeus(‘d by an ahi- 
minium lens just as rays of ord’nary light 
can b * focused by a glasr* U n . They secmi 
to b(‘ emitted by almost all kinds of matter 
— and ec'aKelessly so. Prof(‘sso,' (^harpentier, 
(d the (’hair of Physiology at Nancy, declares 
that these rays an^ given out in s])ecial d(‘grec 
by living musede and nervi*. According to him 
it if. jK)ssible, by using means to identify these 
rays, to trace the* ta)urse of ri‘l;»tivc‘ly superficial 
nerves in tlic forearm, such as the median nerve ; 
and it is found that llu* amount of nulia-tioii 
increases when the nerve is at work. 

“ Spectral ’* Rays. It would evidently be 
Iiasty, however, to assume* at once that iht‘, dis- 
covery of these rays i*stahlish(^s an epo(*h in tlu^ 
study of telepathy, because; tlu*re is no essential 
distinction betw^een thi*se supposed Blondlot rays 
and the rays, of radiant heat which are also 
emitted by nervous tissue. The N-rays are 
said to include at least four sets of rays 
slightly diflereiit properties, just as the octave 
of visible light ine hieles many dilTere‘nt colours. 
They are definitely asserted te) be sp(x‘tral rays 
— that is to say, to lie in the; cthe*real keyboard, 
and ne)t to be, in reality, material like the so- 
called alj>ha rays of radium. It is exsserted that 
they can be reflected, rcfrae;te*d, and polarised 
just like ordinary light, and tliat their wave; 
length is measurable. 

It was next shown, according to the French 
observers, that under certain other conditions 
a closely allied set of rays could bo discovered, 
and these are known as the Nj-rays. And it 
seems to have been shown that, in the first place, 
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nervous structuroB exceed all other substckncea, 
organic or inorganic, in their emission of the N 
and the Nj-rays ; and, secondly, that the appli- 
cation of anaesthetics arrests the production of 
l>oth by nervous tissue. It was at this stage in 
the history of the subject that the Paris Academy 
of Sciences, a body comparable in dignity and 
knowledge to our own Royal Society, awarded 
to M. Blondlot the Lo (.'omte prize of r>0,()(K) 
francs for the most interesting work in physical 
science (July, lliOl). 

Are the N-rays a Myth ? A few months 
later the editor of the “Revue Scientifiquo ” 
instituU'd an inquiry into the subject. He 
addressed questions to all the h'ading physicists 
in Franco, including such men as lh‘cquere,l, 
Bortlielot, Moissan, d’ Arson val, and Professor 
Curio, whoso recent death is to bo deplor<‘d by 
all studimts of science. Now, if t here is anything 
quite certain it is t hat no seientiiic qutrstion nor 
any other matter of truth or false* hood can be 
^;ettled by a counting of heads. But, neverthe- 
less, the opinions of men such as these are worth 
noting. The inquiry was well timed, for the 
question had biM ome acute. A well-kiujwn Anglo- 
Saxon physicist had visited the laboratory at 
Nancy anil could see nothing. Ho wrote a letter 
to “Nature” saying so. Also the subject was 
discussed during an entire sitting of a section of 
the British Association in BK)4, and the general 
opinion arrived at was that< tlu' N-rays are 
a myth. 

The result of this notable inquiry was most 
interesting, and may be t-yY)ilied by the trans- 
lation of parts of two (jonseeutivt? answers. 
M. Poincare said; “I have made researches 
which have not given me results”; and M. 
d’Arsonval said : “1 have made some trials 

which have perfectly succeeded.” 

Can We Believe Our Own Eyes ? Of 
course, such differemujs of opinion as these give 
the enemies of seienee occasion to blitspbeme. 
They say that if seientith; methods are worth 
what they arc said to be worth they should bo 
able to solve siu^h a simple question as this ; 
but, as the present writer has pointed out else- 
where, “ no matter is simple that involves 
anything so infinitely complex as human vision.” 
M. Poincare, for instan(;c. goes on t o say that 
has a spasm of accommodation (that he is 
unable to relax the mternal muscles of the eye, 
so as to focus it for distant objects) ; and it is 
asserted that one cannot observe those pheno- 
4 pena unlost^ the accommodation be relaxed. 
This argument will appear quite reasonable to 
anyone who has tried to look into the interior 
of an eye with the ophthalmoscope, when it is 
essential for success (by the direct method) that 
the accommodation be relaxed, as if one were 
gazing at the horizon, though one is really 
trying to see an object not two inches distant. 
Then, again, it is perfectly well known, in the* 
case of the sense of hearing, that different 
people have different capacities. Some can hear 
the shrill cry of a bat, while others cannot. 
Without douj^, the same is true of the visual 
sense. !|5^| l^ay be very few eyes that happen 
to be ^pi4b)e' of seeing these phenomena* 

. . 3 ^ -- ^ 


Souirces of Fallooy. But th» is hj 
no means all. It is notorious that when ex- 
periments are repeated under what purpbrt to 
be the original conditions, but without producing 
the original result, it is often found that the 
conditions have not really been similar. If the 
one experiment has boon made in a room whose 
temperature was 60® P,, while the other was 
five degr(;es warmer, the discrepancy may be 
accounted for. Frequently the discovery thati 
Huch minute conditions are potent has led to 
important results. Then, again, if we assume 
that the N-rays have no objective existence, but 
are .simply due to peculiar happenings in the 
eyeball of the observer, wo have not yet 
explained why some observers obtain the results 
and others do not. Hoes not this immediately 
show that ('yes vary ? — which is what those who 
believe in the rays very properly assort. 

There remains bad faith, whi(!h can bo ex- 
cluded in this case, and the intluence (^f what 
the psychologists call miggefstinn. It may bo that, 
especially perhaps in people with a French 
temperament, those who see the rays are those 
Avho believe most strongly in M. Blondlot’s 
ability, and conversely. 

From just, about the t ime that the “ Revue 
Scienlilique ” ])ublished the result of its inc[uiry, 
the flow of papers on this subject to the Paris 
Acadcniy of Science's ceased ; . and for a very 
considerable time practically nothing whatever 
was lituu’d of the N-rays. 

Evid<‘ntly it is tlie photograx)hic camera that 
should settb' this ((uestion, once and for all, as it 
has indeed settled the })arallol question of the 
canals of Mars. And quite recently, when many 
had almost forgotten all about t-ho N-rays, they 
“turned up again.” Pilot ographio evidence was 
brought forward. Tlu^ N-rays do not directly 
alTect a pliotographic plate, any more than they 
directly affect tlu^ i^ye. Tiio question all along 
has b(Hm whetboi* the production of those rays 
r<'ally affects other luminous bodies, altering their 
brightness in the fashion which, as M. Blondlot 
asserts, can be readily seen by the eye. 

Have the Rays Been Photographed ? 
It now appears that the observers at Nancy 
have succeeded in photographing the result of 
the prodiu!tion of N-rays under certain con- 
ditions. Nevertheless, this question seems £b 
b3 still destined for the production of doubt, and 
highly competent obsorvei's are now to bo heard 
saying that Avhen they repeat in every particular 
—apparently — the Nancy conditions, they do not 
obtain the photographic results which were there 
obtained. Hence it is impossible even yet to say 
for certain whether or not the N-rays are li 
reality. On tlio whole, perhaps, recognising the 
superior value of well-attested positive evidence, 
as against equally well- attested negative evi- 
dence, and remembering also that there is no 
inhei'ent improbability, but rather the utmost 
probability, in the asserted existence of those 
rays, we may tentatively incline to the 'View 
that their objective reality will shortljr be 
demonstrated. It would surely seem incr^ble 
that the present gaps in the,.ethereal keybobr^ 
as we know it, correspond to actual gaps in 
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Katura ; howh^e wilt thare be found a phyeicist 
to doubt that ftom the longest electric waves — 
— ^perhaps half a mile in length — ^up to the 
Rontgen rays, the length of which must be mea- 
eured in millionths of an inch, there is perfect 
continuity. The assertion of M. Blondlot is no 
more than that he has discovered the means 
of production, and has detected the consequences, 
of certain of the rays, as to the necessity of the 
. existence of which wo all agree. 

The Interpretation of Nature. “ Man,” 
said Bacon, “ is the servant and interpreter of 
Nature,” and Science, properly so-called, is nob 
observation or experiment or calculation, but 
interpretation. The greatest of the names which 
have been mentioned hitherto in this course, 
and the greatost names in all the sciences, are 
not, after all, ncceasarily the names of the 
greatest observers or the most ingenious and 
patient experimenters ; they are the names of 
tlie interpreters. The main principles on which 
wo act, according to Bacon, in attempting the 
interpretation of Nature, are discussed in another 
course. But this present controversy about the 
N-rays affords a particularly ifistructive instance 
of ilte actual difficulties that may beset us. 

In interpreting the facts, or alleged faets, 
before us, wo may be tempted in this case, as wo 
are tempted, indeed, at all times, to assume that 
the explanation must be either A or B, or pt^rhaps 
A or B or C. Wo then proceed to exidudo tvach 
of tlxese factors in turn until, having succt'ss- 
fully excluded A and B, perhaps can rest 
content in the belief tliat (J is the true explana- 
tion. Now, the process of exclusion is an abso- 
lutely valid and efficient one if our assumptions 
are sound, but it leads to the most unfortunate 
consequences if they are unsound. The com- 
monest defect of such assumptions is the omission 
of possibilities. For instance, if there be a fourth 
possibility, 1), which we ignore, our inferenc^e 
from the exclusion of A and B — inz., the inference 
that C is the correct explanat ion — plainly ceases 
to bo valid. 

The Possible Explanation of the 
Mystery. Now let us apply this to the 
present case. The more wo think about it, the 
greater is tlie number of possibilities which we 
discover. It has been the particular endeavour 
of the writer to enumerate (na many possibilities 
as ho can, but ho has no doubt whatever that 
there may be others — perhaps many others — 
which he has not recognised. Either (1) the 
phenomena asserted to have been seen by M. 
Blondlot have an objective existence ; or (2) 
they have not. First, considering the latter 
^possibility, we find a number of possible ex^xlana- 
tiong of M. Blondlot’s assertions : (1) That he is 
self-deceived ; (2) that he is consciously dis-. 
honest ; (3) that he and his fellow-workers arc 
the victims of mutual suggestion ; (4) that the 
eyes of M. Blondlot and tliose who have seen 
these phenomena differ in some specific way from 
. the eyes of those who have failed to see them. 

On the o^er hand, various possibilities may 
be assigned on the assumption that the N>rays 
hSrve an objective existence : (1) That those who 
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have denied their existence are dishonest ; (2) 
that they are self-deceived ; (.3) that, in various 
attempts to confirm M. Blond lot’s results, all the 
conditions liave not been reproduced, even 
though all that he himself names have been repro- 
duced. There may be other conditions which he 
himself has not recognised, but which are present 
in his experiments, are necessary for the produc- 
tion of the N-rays, and, as it happens, are not 
present when proof of the existence of these rays 
is sought for elsewhere than at Nancy, 

We would appear to have completely exhausted, 
or more than exhausted, all the .possibilities 
whicli have to bo reckoned with if this problem 
is to be solved by the “ method of exclusion.” 
Vet there actually remains a possibility, which 
many will have forgotten, ,and which is not in- 
cluded in either of the two simple propositions 
with which we began. Perha|)8 it is quite possible 
that the N-rays have not an objective existence 
in the sense in which w^o hav<^ used the words, 
and yet that they have an objective existence. 
Nothing could appear fairer or more final than 
the simple altiTuative with wffiicli we started, 
and yet it was hdse, for it totally omitted to 
rtHiogniso the possibility that the so-called N-rays 
may be none other than the manner in which cer- 
tain persons under certain conditions can appre- 
ciate some internal phenomenon of the retina. 
Is such a phenomenon objective or subjective ? 
The student of psychology cannot fail to answer 
that it is really objective,* but then he has looked 
rather more deeply than most of us into the 
proper meaning and use of those adjectives. 
8ucm vision is now knowm as erUoptio vision — 
that is, vision of what is within the eye. 

Professor Rdntgen and the Rontgen 
Rays. The remarkable Rbntgen rays which 
wc are about to study arc very frequently . 
known as X-rays, this being the name which 
was given them by their discoverer, obviously 
with the intention of indieating their unknown 
character. But in the last decade physical 
science iuwj moved by tremendous strides, and 
the nature of these rays is no longer unknown. 
There are sufficient phenomena in Nature indeed 
to which the term X may well be applied, and it 
Ls surely a pity that wo should not now always 
use the name of tlie discoverer to indicate these 
remarkable manifestations of energy. 

Professor Conrail Wilhelm Kdntgen made lus 
great, if somewhat fortunate, discovery on 
November 8th, 1895. The date is really a 
memorable one because of the amazing iinpetuj^ 
which this discovery imparted to the progress 
of physics. Prohsssor Rdiitgen still fiouri^cs, 
and was the subject of a celebration hold in 
Berlin last year in honour of the completion 
of a decade since his first observation. He was 
undoubtedly fortunate in not being anticipated 
by Sir William Crookes, afU>r whom the Crakes 
or vacuum tube is named, for these tubes had 
actually betm in general use, mainly for pur- 
poses of demonstration, for considerably more 
than twenty years before 1895. Dr. Hertz also, 
to whom we have already referred, had all but 
completed the observation of these now rays. 
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By P. a KONODY 

Renaissance Blending with Gothic. the designer of Henry Vll.'s tomb in West- ^ 

Just as file Cothic style, born in th»^ minster Abbey, Jolm of Padua, Giovanni da 

North, found the Italians Veluetant to a(^ee])t Majano, and Rovezzano. 

its tenets, so Jlenaissanee nreliitectiire loiild Blizabethan WorR. Tlie Elizabethan 
only slowly force itself upon tlie Nortlnu'n style, “ an attempt on th(‘ part of the English 

nations. In Eraneci and in Giirmany tlie new to translate Italian khuis into their own vernacu- 

forms made llioir appearamu^ eomparatively lar," was ehudly ern])loyed for richly -decorated 

laic in the sixteentli eentury, and to a gnsit private mansions and dwellings, of whicdi we 

extent lost their original purity through com- ne<‘d only mention Longford (‘astle, built by 

bination witJi Gothic motifs. TIk^ church of .Tolin 'IMiorpe ; Knole, Kirby, and Pensliurst. 

St. EustaeJuj (a. I). in Paris, illustrates the In the Jacobean period t hi* Renaissance character 

blending of tin; tv'o styl<*s, and such Fremdi became; more pronouncc‘d, especially in the use 

])rivat(; buildings as tlie castles of Glicnonccau of columns and entablatures. Holland House 

and Chmnbord show the; picturcsipu; t;oml>ina- and Hatti(;ld House; may l»e ipiotcd as notable 

tion of Riaiaissanoe motifs with Gothic turrids exam])les. ]bil Elizabethan and Jacobean 

and slanting roofs. One of the most graceful buildings on the whole only form a transition 

stnietures, of the Renaissance in Eraneo is the, from thi; Gothii* to tlu; pare Kenaissan(;e style, 

famous winding staircase at Rloi.s, which a wliich a])]K'ar‘(‘d, witli Jnigo Jones, in the 

recent critic has tried to prove to bo designed s<*vt‘ntccntli century. TJiis master's great build- 

hy Lionardo da Vinci [sei; ])agcs ‘1244-5]. Jlie ings, such as flu; Jhimjueting Hall, \V4iitehal), 

Louvre, the Luxembourg, tin; Pantheon, and and the Duke of Devonshire's villa at (-hiswick, 

the Dome des Invaiidos in Paris, an; notable prove him a student and follower of Palladio. 

example.s of tlie French Renaissance. In Inigo trones was followt^d by Sir (‘liristopher 

Germany the castle of Heidelb<'rg (a.d. 1545) Wren, the builder of St. iSiul's and several 

is a remarkable instance of tlu; blending of other beautiful churches. ][(; died in 1723. 

Classic decoration with Gothic sentiment. Rut Northern Renaissance Sculpture, 
in both countries the new style did not achieve The progress of sculpture in Northern Euro|)e 

complete victory before tlu; seventeenth century, cannot be follow(;d as easily as in Italy, 

when its severe beauty had given Avuy to the for in spite of tlu; (‘olossal output of artistic 

llamboyancy of the Raroqiu;. work in France, G(;rjnany, and tlie N<;therJands 

In England, the introduction of the Rena issanee th(;rc is a lack of brilliant individualities which 

style is duo to Italians, such as Tonigiaiio, stand forth as landmarks of the progressive 
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ftag^ of dovelopmetit Local 
ichpob ' there were in vast num- 
twtsy and throughout these countries 
^ same tendency is to bo noted ; 

E>ut few, indeed, are the men 
srhose names have been handed 
iown through the ages as creators 
>f masterpieces. Love of careful ly- 
itudied detail, clear rendering of 
facial expression, close adherence 
bo nature, and delight in reii- 
iering the various textures, are 
the chief characteristics of 
Northern Renaissance sculpture, 
erhich could never rival the 
triumphs of Italy, partly owing 
bo the lack of classic examples, 
partly to the absence of the s\iit- 
iible material — the marble of 
which the Italians had an abun- 
iant supply. 

Wood»carving in Germany* 

During the fifteenth century the 
irt of wood-carv^ing reached an 
extraordinary degree of jKjrfection 
in Germany. The tendency of the 
carved wood statues ami altars 
with many figures in high relief, 
was distinctly pictorial, especially 
in the restless arrangement of the 
draperies ; and painting and gild- 
ing were frequently resorted to 
to enhance the effect. NuremlMjrg 
at that time became the chief 
centre of German arts and crafts. 

It is almost essential to visit this 
quaint old-world city to form an 
adequate idea of the art of this 
period, for it harbours the chief 
works of such masters as Veit 
Stoss, the wood-carver ; Adam 
Krafft, the stone -sculptor ; and Peter Vischer, 
the bronze-worker, who is the author of th<? 
famous figure of King Arthur in the ” Hof- 
kirche ” at Innsbruck. 

Sculpture in France and Eng- 
land, In France the chitff works of sculpture 
produced between the Gothic period and the 
triumph of the Italian influence of the masters 
summoned by Framus I. to Fontainebleau, are 
to be found among the monumental tombs at 
Dijon, Amiens, Rouen, St. Denis, ivnd Bourges. 
Then Primaticcio and Rosso started the Italian- 
ising school of Fontainebleau which produced 
sculptors like Jean Goujon and Germain Pilon. 
The naive realism of the earlier sculptors had 
now given way to an elegant and sometimes 
mannered style, the chief aim of which was 
decoratiye effect. The reliefs of the Fontaine 
ies Ii^bcents, at the Louvre, in Paris, represent 
Goujon at his best ; whilst Pilon’s Three Graces, 
likewise at the Louvre, illustrate this master's 
exaggerated elegance. What little indigenous 
style there was in English sculpture was stifled 
by,' Torrigiano, Benedetto da Rovezzano, and 
otlier Itahane called to Finland in Tudor days. 

rise of pictorial art in the North coincides 
with invention of oil as a medium for painting 


by the brothers Jan and Hulx^rt Van Kyck, at 
the end of the sc^venttM^nth coritury. And 
curiously enough, Fleinisli painting, at its very 
beginning, apiM'ars at a stage of development 
which Italy had only reached by slow and 
gradual steps. The Van Fycks arc great 
masters, not only l)y comparison with those 
that went Indore, but even if measured by those 
that ftillowcd them. We have already seen how 
the conditions imposi*d by the Gothic arehitec-^ 
tural system limited the painter's activity to 
small panel pictures, so that his attention wuh 
fixed on the elaboration of minute detail, instead 
of monumental massing of line of form, and on 
soulful expression instead of stateliness of pose. 

Oil Painting in Flanders. The new 
school arose in Flanders — the Belgium of to-day 
— wliicli w^as then one of the chief commercial 
and industrial centres of the world The 
brilliant pageants of the Flemish cities, with 
their constiint coming and going of wealtky 
traders from every part of the world, must have 
been a powerful stimulant to the local painters, 
who had ample opportunities of feasting their 
eyes on colour, and studying the types and 
costumes of the seething international crowds 
that filled the streets and markets. 
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The Van EycRs. Hubert Van Eyck 
was born about a.d. 1360, and worked jjrin- 
cipally at Brugt^s and Ghent. ^Fhc subject 
matter and symbolism of his paintings arc 
still quite mediaeval, but iho, actn.il incidents, 
costumes and types, architect me and landscape, 
are lovingly and faithfully copied from the 
scenes which h(^ had daily before liis eyes, and 
set down witli fiainstakini* prerisioii, which was 
only surpassed in minuteness by the work of his 
brother jan. 'J’he “ Adorat ion of t he Lamb ” |77J 
is their chief W'ork. Kogiei van der Weyden, 
born in a.d, MdO, wms a little less liteial in 
his transcripts of natun-, and more' (‘motional 
in expression. Hans Memlinc, a Jlruges painter 
of German origin, born about 1430, is the most 
lovable ])aintcr of a school which too fr<‘([uently 
delighted in the n*ah‘sfic rej>reseiitatiofi of scenes 
of tortures and (iIIku’ iiorrors. In him the 
realistic tendtaiey of tin; school iinds oxpn'>isum 
in the wondeiful nuKhairig of landstaipc and 
accessories, but he was an artist fidl of tendc'r 
feeling and poetry, with a rav(‘ st‘nse of ft'inininc! 
purity and inno- 
cent grace. (Icrard 
David, who was 
born alK)ui 20 years 
later and w'orked at 
Brug(‘.s at the end 
of the c(;ntu!y, was 
much iniliionced by 
Memlinc, and is dis- 
tinguished by a 
glowing si^nso of 
colour and beauti- 
ful lino. Quentin 
Matsys, born J KiO, 
pratdjsed por t rai t ii re 
and genre, besidc's 
religious art, and 
marks a decidcid 
advance in exprt's- 
sive modelling. With 
Mabuse, who died 
in 1632, and even 
more with his con- 
temporary, Ra])liacrs ])upil, Bernard van Orley, 
the Italian influenet! begins to tilter through the 
local tradition, and in tlu; casc^ of the lattei is to be 
detected in a more am]ile sense of design and a 
departure from the s(*vere exact it ude of the earlier 
masLu’s. But w'luit had been the result, in Italy, 
of centuries of slow' d(wcl(j])menl, could not he 
transplanted in its mature form to for<‘igf) soil, 
and bocanio mere inann(*rism with the later 
Flemings, until a new era of superb artistry 
dawned with the advent of tlie great Rubens. 

R.ubens. Rubens (a.d. 1677*1640), too, had 
drunk at the same source of Italian art, and his 
early work in particular evinces his love of 
Veuetiin'i cijlour, but he bro\ight into his f)ainting 
a strong, viril(‘, and altogt^ih<‘r ptu’simal t('nip<M*a- 
ment that could imvin* have been cont(mt with 
n^annored imitation. A colourist of tremendous 
pow-^r, Rubens excellcid above all in the painting 
of flesh, in whic h he stands unrivalled to this 
day. One may he repelled by the coarae, fleshy 
typyof women, but the mastery with which 
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he expressed with bold, sweeping strokes of 
luminous paint the roundness of form, the tex- 
ture of the skin, and the very blood coursing 
under the skin, irrasistibly compels one’s admira- 
tion. The passionate movement, the vigour • 
and verve of his work, seem to exclude the possi- 
bility of a delilau’ately calculated design, and 
yet tlic noble disposition of his figures, the effec- 
tive massing of light and shadt^ are as “ scientific ” 
as the movement and sensuous colour are 
instin(!tive. Rubens was the most wwldly of all 
paint(‘rs, yet he could tr(;at a religious subject with 
a nwerent sjiirit [78]. Ho w^as equally great in 
IJortrait-ure, in geiir(\ in landscape, and in animal 
])ainting. But it should be remembered that 
in accordance with the custom of the period, ho 
had a horde of assistants wtjrking under liim, 
an<l many of tlu' inferior pi( tur(\s that pas.s under 
his naiiKi owe. to liim nu*r(4y tht‘ir eonctqition, 
while the execution is entirely due to Ids pupils. 

Van DycK. Much the sainii remark applms 
to the great(\st of Ins pupils. Van Dyck (a.d. 
l5tK)-l()4l). wlio, as C(uirt painter to Cliarles 1., 

ext'reised so potent 
!Ui influeiK’e on 
Friglisli art that 
hi^ may riglitly he 
consid(‘red the real 
founder of the great 
Englisli scliool of 
portrai tun ‘. T ndecd, 
many of the paint- 
ings turned out 
from his studio at 
Blackfriars during 
his English poriotl 
are tlie w'ork of his 
niimiirous assistants, 
save for the first 
sketch and tluj 
finishing touches. 
Van Dyck, too, 
studied for some 
years in Italy, 
w'licre, like his 
master, Rubens, he 
fell under thci .spell of the Venetians. An accom- 
plished courtier and man of the world, he b(H;ame 
the favourite of society in his native country, as 
ill (jJenoa and in England. His pictures are a 
jMufeet mirror of the English aristocracy of his 
day, refleeting their taste and distinction and 
effeminate elegance. As a colourist, he was more 
.subtle and refined, if loss vigorous, than Rubens, 
The coarser side of Rubens’s art attracted 
Jacob Jordaons, whose lack of rofinomont is 
scarcely atoned for by his great technical skill 
and good humour. Franz Snyders (a.d. 1579-1667) 
was a brilliant animal painter, whilst Jan Fyt ' 
and Jan Weenix excelled in still life, generally 
of dead game. Melchior Hondekoeter devoted 
himself almost exclusively to the bird life of the 
farmyard. All ihe.so masters were great 
colourists, and stand supreme, each in the narrow 
range he imposed on his art. 

Growing Popularity of Art* The 
earliest Dutch painters, among whom Dierick 
Bouts and Lucas van I^eyden are the most 
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pronUnent, were, almost completely dominated 
oy the genius of Uie Van Eycks and the other 
early Jiemings. In fact, in thoir early stages, 
the two schools can scarcely be considered 
^separately. Then came the Reformation and the 
War of Independence, which rosultc'd, in 1648, in 
the final shaking off of the Spanish yoke. The 
long period of warfare and bloodshed was not 
favourable to extensive art production, but wlien 
Protestant Holland issued victorious, a great 
period of art commenced — of art led into new 
channels, since Protestantism looked askance 
at religious painting, and preferred bare, white- 
washed walls in the churehes to an imagery of 
glowing colour. On the other liand, a demand 
K>r art arose in the civic community. The well- 
to-do citizens enlisted art for tlio adornment of 
' their living rooms, and the subjects favoured 


Frans Hals* But the seventeenth cen- 
tury small masters were preceded by a few men 
who must rank among the very giants in tho 
realm of painting. Rembrandt is one, and by 
no means the least brilliant, of the great triple 
couHtellation that stands o\it from tho firmament 
r)f art, the eompo(*r of Velasciuez and Tithin. 
Before him. Frans Hals (a.d. 1584-1666) had 
achieved the greatest triumphs in bold, daring 
portrait painting. For sheer bravura and dashing 
l)rusliwork and brilliant characterisation, Hals 
lias probably never been (‘(lualled, and his largo 
“Doelen" groups at Haarlem are an inex- 
haustibh; source of delight to all who can appre- 
ciate masterly brush work. Then, Van der Heist 
(a.d. 1618-1670) may be taken as tlie most capable 
of the numerous serious portrait painters who 
recorded with faiiltles.s conscientiousness in 
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were no longer, 
a.s may wtill be 
imagined, flagella- 
tions and cruel - 
flxions, and images 
of the Virgin and 
saints, but por- 
ti'aits, landscapes, 
genre scenes de- 
picting the daily 
life of t he burgliers 
and peasants, and, 
for tho guild halls 
and oilier official 
buildings, large por- 
trait groups of pro- 
minent burghers. 

Pictures in the 
Dutch Home. 
Of idealism and 
ideology, there is 
little or nothing in 
Hutch art which 
is entirely based 
on lovo of nature 
and on the keen 
appreciation of the 
value of pigment. 
The rich quality of 
the paint, the sub- 
tlety with which 
the play of light 



a soiiiewliat tight 
manner tho fe.a- 
tures of civic dig- 
nitaries and their 
buxom housewives. 

Rembrandt 
the Revealer. 
But with Rem- 
brandt (a.d. 1606- 
1669), all hardness, 
one might almost 
say all linear dei.sign, 
was abandoned, and 
everything that tho 
artist’s eye could 
see, or his brain 
conceive, expressed 
in terms of soft 
lights and shadows 
and golden, liquid 
half- sliadows. 
Everything is given 
plastic form through 
the play of light on 
tho .surfaces which 
arc seen through 
the surrounding at- 
mosphere [80]. In 
his golden illumina- 
tion and forced con- 
trasts, Rembrandt 
Is, perhaps, not al- 


and shade on ob- rriie i^ouvrc. Paris) ways strictly true 


jocts and textures 

is observed — those were the chief points that 
appealed to the Dutchmen. These little geiye 
scenes — interiors of burghers’ houses, with ladies 
before a min’or, or occnipicd with books or 
musical instruments ; or tavern scenes de- 


to nature, but ho 
has the power to make us feel that, if such 
conditions of light were possible, facevs and 
objects would a[)pear just as he has set 
them down (.see “ The Night Watch,” repro- 
duced on page 724]. Rembrandt i.s the anti- 


picting the life of the humbler classes — are 
never of anecdotal or literary character ; they 
are just glimpses of real life staled in terms 
•' of ornamental craftsmanship. Of this nature 
are the precious gemliko pietfes of Terburg, 
Vermeer van Deft, Metzu, Jan Steen, Mieris. 
Gerard Dow, and, in Flanders, of the Teniers, 
who had more in common with the Dutch “ small 
mastiers,*’ than with the Flemings. Fig. 79 is an 
example by tho younger Teniers. 


thesis to tlie Italians of the R,eiu\issance, who 
were ever striving for beauty. With him 
character is everything, but the mastery of his 
brush and his sympathetic insight into the very 
soul of his sitters give*»b(;auty even to subjects 
repellent in Uiemselvt\M. Apart from his paint- 
ings, Rembrandt’s etchings alone would entitle 
him to one of the most exalted positions among 
tho world’s great artists. As a master of tho 
burin he has never been approached. 
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'T’HE harmonium, in common with several other 
instruments, traces its origin to the invention 
— spt^aking more eornictly, to the revival — of 
the free reed. I’he frt'c ree.d is so ancient that 
they say it was employed for musical ])urpos(‘s 
in "the time of (^mfucius. At any rate, its 
revival in Europe datc^s only from tfie hej^iii- 
in^ of the niii<de(uith c(‘jitury; .ind the har- 
monium was th(' instrunu'nt in whicli it was 
most ethiotively revived. M^lie sounds of the 
instrument ar(‘ produecul entiri'ly by these r<‘eds 
—thin tongues of met al set in mot ion by curnmts 
of air from the wind-(‘hest ; calhsl l ecds bc^causc* 
tlu^y correspond in principles with the shej)licrd's 
pipe ; free rctMls, because the tongue moves 
fn^ely in the orific<‘ of the fra?h{‘. thus diflVring 
from those of thi^ organ, which strike against tlic 
frame at each pulsation, and arc* termed hcatinr/ 
reeds. 

The Youngest Keyboard Instru* 
ment. If we exceed the American organ, the 
harmonium is the youngest of all keyboard 
instruments, 'riiough it. had several t<*ntativm 
predet^ossors, it may ho fairly said to have been 
invt^nt-cHl and first brought out by M. Alexander 
Bebain, of iWis, whose patent was dated August 
184(1. Since then it lias been successfully 
improved by various makers, mostly French, 
imt/il, in the best specimens of its class, we have 
now' an instrument of the utmost possible jmt- 
fection. Its capabilities arc considerable. For 
accompanying voices, for clun'ch and doim^stic- 
purposes, for solo work, for duct playing with 
other instruments, such as the piano", it is in- 
valuable. 'riu* variety of beautiful ellVcts and 
the delicate^ sliadcs of tom*-c()luur which may be 
])roduced on a good and fairly large instrument 
not even the organ itself can excel. 

By the use; of thii Kx jire.KsiitH stop, foi' e,xam]dc, 
tJio harmoniumist gains a ])owcr of increase and 
decrease of sound almost ecpial to that wliich the 
violoncello player securevs by means of liLs bow. 
TJie harmonium is often regarded as a Jong- 
sutfering, unpopular instnum iit. 'I’his is really 
because tliere are so few wlio arc capable of 
handling it to a<lvaiitage. The ]»ianist is 
supposed to be able to play it without any special 
study ; the organist, too, as a matter of course. 
Here is the cardinal mistake. 1’he harmonium 


must be studied by and for itself. 

The American Organ. It will be 
seen that we liave bracketed the American 
organ with it. Rightly so, for the keyboards 
of both instruments are practically identical, 
an<l the method of playing both is entirely 
identical. It is only in their internal con- 
st^ction l^d in the ipiality of tone produced 
fltiLt,, the instruments differ. In the har- 
am the wind is forced through the re^s. 


while in the AmtTican organ it is drawn in. It 
is this thiit accounts for the more delicate tone 
of tlu^ AnuM’ican organ as compared with that of 
the hannoniuin ; which instrument, however, 
has more character and grc'ater distinctiveness, 
hesitlcs being more (|uickly res])onsive to the 
fingtT of the ]ilaycr. For solo piiiposes the 
Amcri<‘an organ is of grt'at use, the stojis in the 
right hand bt'ing well suited for giving promi- 
nenc(‘ to a m<‘lotly, while in good instrimienta 
the l(dt-h;uifl sitb* always furnislies one or more 
soft stops for accompaniment. About the tone, 
as a whole, IIkm c. is a more g(‘iicral a])])roxiniation 
to that of tlu* cluirch organ than in the ease of 
the harmonium. It is thend'ore more jicculiarly 
adapted for sacred music, and perhaps also for 
chamber or domestic use. 

But tJie hai inonium has mucdi more “ carry- 
ing powir, and is thus specially suitaVile for 
conditions to which the Anuwii*au organ cannot 
be so wt‘ll applied. As one of its advocates has 
put it; “WJu‘i(j a large number of voices arc to 
Ik? accompani(‘d, or wJicre jiow'cr and marked 
d<-?livcry are calh?d foi’, in (diurcli, concert, or 
school work, the* harmonium, not to speak of its 
superior hardiness, possesses immtmse advan- 
tages over the American organ.'’ It is, then, the 
harmonium tliat w^c deal with specially in these 
lessons, which, however, so far as playing is 
concerned, are equally apjilieable to both 
instruments. When points of differenco arise 
as regards the treatment of the individual instru- 
ments, they will be carefully explained. 

Buying an Instrument. Perhaps, 
before going further, a word or two should be 
said about thti purchase of an instrument. Small 
harmoniums and American organs (’an be had 
for £5. Many (not all) of thi‘se are quite good 
(enough for the learner’s purpose. Larger- 
priced instruments simply mean more stops ; 
w'liieh, again, mean on-y "more variety of tone. 
To the learner. varitJty ()f tom? is not t?ssential — 
he does not know^ how to use it to advantage — • 
ami. if momy is a consideration, he need not 
lu*sitale to buy an instrument at the juice ju^t 
named, provided it is by a maker of some 
standing. Naturally, w'e cannot advertise names 
here. We can only advise the student to go to 
a firm with a reputation for honourable dealing, 
state the jirice he is prepared to pay, and make 
his own selection from the instruments sub- 
mitted to hiiii.j»> Beware of “bargain” instru- 
ments advertised to be sold “ at a sacrifice.” 
Large firms have always a number of second- 
hand instruments for sale — instruments that have 
been out on hire or taken in exchange — and a 
capital instrument, a genuine “ bargain,” may 
often be got in this way for a comparatively 
small sum. Be sure, at any rate, that you. 
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secure an instnimeht with a tone that pleases 
you. A haish, unmusical chest of reeds wiU soon 
disgust you, besides having a deteriorating 
effect on your ear. Thus, on every gi'ound, it, 
is advisable to put yourself in the hands of a 
trustworthy expert with a reputation to sustain. 

The Mechanism* Now wo are ready to 
give our attention to such of the mechanism of 
the harmonium as it is expedient for tlio student 
to be acquainted with before beginning actual 
work at the keyboard. Wo have spoken of the 
reeds, termed now more generally \4hratorM. 
Well, to every digital on the keyboard there is a 
separate vibrator, and a harmonium must always 
have at least one full row of vibrators. Jnstru 
ments with six and 8 ev<*n sets of vibrators are 
common ,* those with eight or more often have 
two keyboards. We shall learn further about 
this when we come to deal with the stops. 

The external mechanism may be saicl U> bo 
represented by the foot- pedals for blowing, liy 
these the bellows are fisl ; they force* tlie air 
through the wind- trunk into the wind-cluist. 
from whence (if the Expression st op is not drawn) 
it proceeds to the reservoir in an equal ami con- 
tinuous stream. When the Expression stop is 
drawn, all communication between the wind- 
chest and the reservoir is cut olT, so that the air 
goes straight to tiie n»eds. tt is thus directly 
under the control of the player, whose least 
change of pnjssure upon the foot-pedals produce.s 
a like change in the strength of the sounds. It 
is important that the .student .should note this, 
for the Expression sto]) (more will be said about 
it) is the most difficult piece of mechanism to 
manage in tlie harmonium, and an ill-regulated 
use of it may easily damage the instrument. 

The Stops, lender the head of mechanism 
wo may fairly consider the various stop.s. W(^ 
will take the harmonium alone hen*, for in this 
matter of stops the American organ differs. 
Makers, unfortunately, do not. agree as to the 
nomeiielature of every stop placed in their 
. harmoniums. In most instruments, however, 
the first four stops on each side will be found to 
coiTCspond. They are as follow: 

Left-hand Side Right-hand Side 

© Cor Ang;lais © F^lutc 
P Bourdon ® Clarinette or Clarionet 
® Clarion ® Fifrc or Fife 
® Bassoon ® Hautbois or Oboe 

The numbers, you observe, are repeated on both 
flidea. Why ? Because each stop goes only 
half way. Thus, if you draw a stop on the right- 
hand side without drawing anything on the left- 
hand side, you will get no sound below F at the 
middto ‘jOf the keyboard. In reality, therefore, 
though you have on your instrument the eight 
etops enumerated above, you hlave only four 
separate kinds of sound. 

DWislon Stops. It may be asked why one 
stop ehould not be made complete-— to run from 
end to end of the keyboard ? The reason is 
it is hot always necessary or desirable to 
have same kind of tone in both treble and 
, l^>r instance, a melody may be played 


on the HatUboiSf and accompanied with the left 
hand on, the Cor Anglais ; or a tune may be 
“ brought out ” in the bass on the Bassoon, with 
a light right hand accompaniment on the Flule. 
This will be iK^tter understood when wo como 
to speak of the combination and individual 
tone qualities of the stops. 

Ill addition to t he sounding stops enumerated 
above — and othei-s found in largo instruments — 
there are usually six stops of n. purely mechanical 
nature. One is tluj Brpressinn stop, already 
mentioned. Anoth(*r is the Cratul Jcu, which 
brings out the full power of the instrument at 
011 ( 50 — -ill fa( 5 t, all tin* stops. Then there is the 
Snurdi/ie, assigiu*d to the bass part of the Flute 
stop. It regulates a contrivance Avlieioby a 
smaller quantity of wind is supplicHl to the reeds, 
thus modifying the strength of the tone. The 
Tremolo, again, alternately opens and closes the 
wind-chest, thus pnxiueiiig tlu* effect from wliich 
it takes its name. Finally, there are the two 
Fortes — one for each sid(^ of the; instrument — 
whieli simply iiuTcasc the volume of sound by 
the opening of a .sliding or revolving wooden 
shutter abovi* the re(‘d. Thus provided with 
mechanical stops, our original instrument, as 
above, mounts up to the imposing total of 
fourteen “ kiioVjs.” 

American Organ Stops. In the .\merican 
organ one or two of tho harmonium stop- 
names are repea f(‘d, but tlie na-mes arc, as 
a rule, peculiar to the instrument itself. In 
the harmonium the arrangtauent and naming 
of tlie stops are — as regards the first four 
on each side, at least — practic.ally stereotyped, 
in the American organ, on the othi^r hand, you 
can . never be suio of what you have on any 
particular instrument till you examine it. The 
diversity is indeed so great, (li/forent makers using 
a nomcnclatni'c according to their own fancy, 
that any attempt at an ordered list of stops 
would be futih*. Generally sp('a.king, howovcu*, 
th(^ Mekxlia and the Diapason correspond to the 
Flute and the Cor Anglais of the harmonium 4 
the Flute and the Viola to the Fife and Clarion. 
That is to say, thi^ first two give the standard 
pitch, making therefore tlui foundation ” tone, 
while the second two producer sounds an octave 
higher than the written notCvS. A stop called 
Sub-bass, providing reeds of 10 ft. tone — an octavo 
lower than the written note — to the lowest octave 
of the instrument if: frequently met with. Take 
care in using it that all tlui notes of the bass are 
confined witliin its range. 

With mechanical stops and accessoricB all 
good American organs are well supplied. Among 
the former are the two Fortes of the harmonium, 
but their use is restrieted“tho one on the right 
to the Diajxison and Mclodia stop.s ; that on the 
left to the Viola and Flute. The octave coupler 
couples every key with the reed an octave above 
or below ; in some instruments only above, in 
others only below. The Vox Humana, a loading 
feature of the instrument, controls a fan behind 
the soundboard ; the fan, being made to revolve 
rapidly by the pressure of .wind, meets the waves 
of sound, and gives to them a pleasing vibrating 
quality much more delicate than that produced 
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by the Tremolo stop in the harmonium. Large 
instruments have, in addition, a Tremidant. 
Every instrument has at least one Knee Swell ; 
most instruments liave two. Tliat at the right 
of the player opens the swell wlien pressed 
towards tht^ right ; that at the left- is usually a 
full organ “ stop,” so (hat by ])resHing it to the 
loft as far as it will go, all the speaking stops of 
the instrument, ox(!opt the Voix. Celeste^ are made 
to sound. Both sw'(‘lls return. Avhen allowed, 
by the force of a spring. 

)5tudy of Keyboard. Now, aft(‘r all 
this preliminary, we aT<‘ hnuIv to sit down at 
the instrunnuit. Ah we do so, let us look al- tlio 
keyboard, so that we may know Avhere to find any 
note as we may wafit it. 


the Expression stop and the stops marked (1) on 
each side. Press down one of the digitals near 
the middle of the keyboard, say P, and begin 
blowing with the right foot only. When the 
ptidal lias reached its limit, the sound will cease. 
A similar result will follow the use of the left 
pedaK Obviously, if a continuous sound is to 
be i)roduc(Ml, one pedal must be depressed while 
the other is rising. Here the learner will find 
Ids chief ditticulty. Mis primary efforts will 
alino.st (‘.ertainly r(‘Hult in a series of jerky, 
spasmodic sounds ; and then? is nothing for it 
but to go on jiractising until the sound become.s 
even. Oi't th(? one sound (the F) even first ; 
then atld tin? third above? — namely, A — and be 
suit* that you fiave the same good, steady tone. 

Add next the fourth below the originr.I 
F — namely, C — and listen carefully again. 
Finally, strike in with tht? oi’tavc below 
tlu? starting note ; and if, with all four 
notes sounding together, you are able to 
(iommand an ev(‘n tone, you may go on 
to ])iJM!tise th(‘ following more elaborate 
ill blowing : 



compass is also five o(?taves, hut the instrument 
usually h(*gins and ends with F. Tustrunu^nts 
are, however, made with what is called the 
“C compass.” In any ease, the ordta* of tin? 
notes is, of course, the same. th(? ” blacks ” being 
in groufis of twos and threes alt(‘rnately, witli 
the whites ” b(?l-we<‘n. If the student does not 
already know the names of the k(?ys, and cannot 
readily jiiek out any given note, h<; had better 
master that point at once. 

Position. All this time wo have lieeii 
sitting at the instrument. But something must 
be said about that very ])roe(‘ss. It s(‘ems a 
simple enough matter to g(?t s(‘ated in front of a 
harmonium, but. it- riNilly is not. Nothing is 
more important to the liarmoniumist tlian 
efficient blowing ; and in order to secure it — to 
secure (Xintrol over the bellows- a good position 
at the instrument is essimtial. Tf tlie eliair is 
too high, the blow-])edals (?annot. lx? de])re.sse.d 
the whole way, and (he player will run, hesidc^s, 
the risk of sliding off tin? se.vt. Ag;iin, if the 
chair is too low, the entire uuderparl of the? feet 
will be thrown on the peelals, with the toes 
pointing up towards the knees. In tliis case 
yon will rind it diffieuK. to exert any downward 
force upon the footboards, and will be gradually 
pushing your seat back. The (?hair, then, should 
be of a suitable height, and plae.ixl exactly in 
front of the middle of tin? k(?vboard. Keep 
the knees about an inch from front of the 
case ; see that only the toes and b ill of the foot 
are placed on the pediils— the lieels being left, 
free -and Uiink of tin? act of pressing as forwards 
rather than downwards. 

The Blowing. Blowing is supposed to bo 
quite an <?asy performance. It is by no moans 
easy — that is, to blow so that a steady, continu- 
ous Ume shall be produced. The student ought 
ci^rtainly to learn to blow first, before taking up 
keyboard work ; and if he follows this advice 
he may as well kvtrn to blow at once with the 
Expression stop, and thus overcome two diffi- 
culties at the same time. him draw, then. 



Here tJie keys arts of eourscs to be pnsssed 
down in the orcltu’ of the notes, tJii? previous note 
always being ndained vvlum tin? other is added. 
Another eliord, such as this, might be taken 
for the practice of eri'secuitlo and diminuendo: 



When tluise ext'reises can b(? done satisfactorily 
the student may assure himself that ho has 
learnt to blow. Oiu' word of (?jinlion — beware 
of falling into the Ivabit of blowing in time with 
the mu.sie. This is a serious, as well as a quite 
inexeu.sahle, liabit, for when tlie temjx) is rapid 
tin? ret‘ds will run the? risk of being damaged 
by overblowing. Lastly in this connection, 
avoid all kinds of mannerisms at the keyboard. 
Try also to kt'cp the body perfectly steady, 
without any swaying from side to side or 
backward and forward. 

Practice. In proceeding now to direct 
tile practical studies of the pupil, it is necessary 
to mention at once certain books of exercises 
for his use. It is, of course, assumed that no 
pui)il starts without knowing something of the 
theory of music, and without being able to 

read ” with fair facility from the stave. 
More than that we do not ask. Nevertheless, 
the writer of these lessons must recognise the 
fact that many who can already play the piano 
want to take up the study of the harmonium or 
American organ. 
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^ foft such dtudents, the ootme must 
l>e itome^hat different from that to be laid down 
for P'upil who cannot play any keyboard 
instniment at all. The one will have to learn 
everything from the beginning ; the other will 
tfflly have to learn to blow, to practise a new 
Style of fingering,, perhaps to exercise himself 
a little more in reading four-part harmony, 
and generally to adapt himself to the peculiar 
conditions Ot the harmonium as an instrument 
of sustained sounds. 

For the student who (mii Jilrcady play the 
piano, we recommend ^Ir. King Hall's *“ The 
Harmonium,” in Novello's s(‘ii(‘s of music 
primers. For the student lieginning from the 
beginning — and he will receive, of course, our 
chief attention — especially th(' student .av ho aims 
at the practice and reiKloniig of cliurch music, 
there is no better book than “ Tlu' Harmony 
Player for the Harmonium/’ edited by John 
Cnrwen. f^ee note re (‘xerei>.es on page 3860 ] 
Tills work IS also easily adapt .vble to th<‘ Ameri- 
can organ, but if the student of that instrument 
eau play a little already, lie an ill probably prefer 
Dr. Stainer’s “Tutor for the Anieriean Organ,” 
published by Messrs. M(*t/Jcr. Direct r<‘ferenoe 
to all these Avorks aviU bo made in the course 
of our lessons. Let it be added that (sieh in some 
AA’ay supplements the otluT, so that the individual 
Btudent, beginner or not, amU find the interest 
of his work greatly increased by liavmg all 
three at hand. 


Phrase Fingering. We aviH imagine, then, 
the beginner sitting doAAii to a practical study 
of the “ Harmony Player.” Ho must fir.st 
understand something of the plan of the book 
It has two essential features : (1) a new ait of 
fingering (new so far as reducing it to a system 
is concerned) ; and (2) a study of the chords 
more commonly mot NNith concurrently Avitli their 
production by the fingers. Of late years an 
improA’^ed fingering has come into use in Avhich 
the player looks forAvard and studies the range 
and other peculiarities of the harmonic phrase 
before him, and adapts his lingering to its 
needs. Experience shows that this plan is 
much superior to the elaborate system of scale 
fingering once so much in vogue ; a system 
which, as a matter of fact, is totally foreign to 
the^^fjbaracter of the music generally played by 
the ^IjLlirmoniumist. “Phrase fingering,” then, 
as it “has been appropriately termea, is tiu' 
esfential feature of the “ Harmony Player.” 

The' second featun* touclies the fringes of 


theory in such a way as to make practice both 
e^ielr ^nd more interesting. An intelligent 
of chords and chord progressions which 
have played helps the fingers in a Avay 

which those who are entirely ignorant of harmony 
tirould scarcely believe. It helps the eye, too, 
ij^ reading the notation, for certain harmonic 
combinations are so fixed in their progressions 
the player can often dispense witli a visual 
out of the individual parts on the staves. 

Eatet<lM« We now want to get 
ilka ^ little into shape, and for that purpose 

/iffilim: the following ffve-ffnger exercise. It looks 



carriage ” of the hand and the correct placing 
of the fingers upon the keys with which we are 
concerned just now. It will be understood that 
the upper line of fingering is for the right hand, 
the lower for the left, and tliat the y signifies 
the thumb. Tlio k*ft hand will, of course, be 
played an oetav^e loA\er than written. 



Let us take tlie right hand first. Look at the 
plates in the* “ Harmony Player,” and copy the 
positions there shoAvn. The thumb being jjlaced 
above C, notice that all the fingers are cximtly 
above the keys which they are to depress. 
Wlien not actually in use, there is a tendency to 
let the thumb hang off the finger-board. It 
should be kept persistently to its place, about 
half an inch on the digit ais, olhorwiso, when it 
has to be used, there Avill be an awkward shifting 
forward of the wliole liand. At the moment of 
striking the note D, the thumb must be raised 
and tlie second finger held in readiness for the 
note E. Each finger aviU thus, in turn, come to 
be Used when we leaeh (.5. and tlie exercise should 
1 m‘ lepcated again and again, until the hand has 
assumed its proper position and the player feels 
that position to be natural and <‘asy. Be careful 
to get an exact “ touch ’’—that is, to strike tho 
notes in a prompt and deeisiA^e manner, giving to 
each note its duo length and nothing more or less. 
There must Vie no “ blurring ” ot one note into 
another ; nor, on tho otlier hand, must there be 
tlie least perc'optible break betw^een the sound 
of one note and another. Practise tho two hands 
separately, and Avlien each has gamed its OAVti 
facility, let them be combined Pontimip this 
exercise till the fingers iuoam* like automatons. 
Them tran^jiose it into the key of G, and repeat 
the ])roccsH Voii may «ilso try tho keys of D 
and P, lemenibenng that tho third note of tho 
former an ill be FiJ:, and the fourtli note of the 
latter B!?. There may be at first a slight 
ditliculiy in pla^'iug the fingers evenly and firmly 
on the black digitals ; but that, too, is a thing to 
be mastered by persistimt praeTice. 

When you have so far oxhaiisiod this pre- 
liminary exercise, take the folloAviiig five-finger 
exeieise, practising first the right hand, then the 
left, and finally both *hands together. Never 
attempt to combine the two hands until each 
tan do its own jiait ea-^ily. 



Strengthening the Fingera. Tliis exier^ 
eise will be found valuable for strongth^ing' 
the fingers. Some hands will reqAlirg to practise 
it more than others. It all depends upon what 
one's hands have had to do in the business of life. 
But do not get disheartened if the muscles are 
stiff. It is only a question of time and tnifcotice.' 
This second exercise may, if persevered in, cause 
at first a little pain, but that must be borne. Do 
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not jH'isiHt, ho\vt*vf*r, in giving llu' hands more 
than lliey i >in do at any one time ; rather allow 
them rest, and rc^sinnc* after a certain int€*rval. 
Fij»ger exc'icises arf‘ of tlie utmost value, and 
rannot he dispensed with hy anyone who 
desires tt> h(‘0(»me even a tol^rahle player. 
Merely piaetising tin* ditVwuIt pa'^sagis wliieh 

(KH'ur in classical compositions is nut of its(*lf 
suflieient ; and. without a previous 

i'Oiirse of fiug<‘r*l raininji sueli passages will 
often he found iiupossihle •»! execution. When 
you have' ])F‘a« tisc*d tin* .i.hov<‘ e\(a« is<‘ tor some 
time in t!u‘ k<‘V of (*, a^ wiitteii. tianspo'-e it into 
the keys i>f (h 1), K and F. .''till pic‘ser\ ins/ the 
same iingc-rin^ as in tin* example'. 'I liis will 
assist further in tli<* handliu^i; ot tiu' hlaek kc-y-^. 

Playing Separate Parts. Voii \\ill 
have* now L'ained a cert.j.in iiulepcmicnl action 
of tin* hands, and will he ua.dy to play' 
separat<' parts in e.arli. For tliis purpose, 
tiirn to the " Harmony IMayer, and look at 
Kx. H, You will see that tlu' h it ha,nd has 
here a part c»f its own, eonsi.stiu'^ of the notes 
(* and (}. n-'C'd altorniitc'ly. Oh.serxc' that in tlu* 
second, fourth, tc'ulli, and lac'ltth hai'.s. Iwo 
note's arc* plavc'd in the* le ft lianct uliih oiic' is 
hc'ld on in the ritihl. ^I'hc* lineerin*.: i-. not 
marked hcw'ond tlic lirsi bar, hut. ot course', a.s 


the' e'e)mpa,ss is oiilv <' to (J (live' note-.-), in hoih 
liands. the live lingers occupy tlu'ir o?i;,imal 
pliU-es. Fx. Itt i-^ ot a similar nature* in key 
(J. The Ic'U-hanel pari is. in fact, cxa,<tly the- 
same* as in F\, S, ,uie| the' light hand p.ut has 
Im'cii give'll already itt Fx. th wliie-li '-liould 
he* playe'd nv(*r seve ral times pic'vioiisly. F\. 12 
is a. f'urtlK'r de-ve-lopmeiit of the separate* 
ae'tiou of the* hands, a. pe'culiar teat me* he'ing 
four notes in the* h-fl haiiel a.ga.inst niie' note* 
III the riglit'. Xotiee- that tow aid the* e ml the* 
left hand nari ri.se.s diatonieallv fiom F to ( while 
the right hand part also moNCs. 'I’his is tin* tirst 
example' of tlie kind, a.ud will re-e|uire careful 
praetie-e. Do not h'avt* this e-xt re-ise* until you 
e'an jilay it with free-dmn without looking at 
your hands. 'I’lu'u take* tlie* e'-xerehes as tln-y* 
hellow in orde'r. iieeting tliat in Fx. 1(> the ha^s 
again rises a. tiljili hy diatonic ferogi t-.ssioii. 

Fxereise':- 17 and IS will le'cpiire* eaacfnl studv'^ 
in tlie se'parate* ])aits hc'fore eomhina.tie)ii i> 
attemjiti'd. 'Fhe dillieuMy arises f r«un the hands 
being lo'pt at a greater distune e* than tliey have 
heen aeeiistomed to in the ])re*\ ioiis exercise's. 
!n Kx. 15) note that tlie j-iglit hand h,i" iwei heats 
of a rest while* the* le'ft })ljtys D and A. He 
e'are'fnl te> lift the tirst (ingi*r eef’the* right hand at 
(he niomenl tin* A lias reeeive-d its due portion 
of lime. In Fx. 2() (he same* le'-a oeenrs in the 
tre'hle part . w hich latter move's in ;i I'onn kno\yn 
as si'epu'lie-e- that is, one* ]ihr;ise' folUmiilg thei 
either on a elehnite plan at .i highe*r or hiw'cr 
cle'grex*. Tkxereises 21 anel 22 should he xvell 


prar’< they are for .slro!igthe*ning the third 
linger, which, the k'ast used in eirdinary life, 
and also for a physical re'ason, is the we*akest of 
the tingors. Sc humatm invented a little maeliino 
bringii^ it right, ' as ho vainly sup juised, and 
used to have its stiffening tendon 
. to get oven with it by ordinary 



finger exeroiso, porsist^mtly and ayston^ioaliy 

^' New Keys. Wo arc now supposed 1* liave 
earefnllv worked through the first stoft of the 
“ Harmony Flayer. ’ In thie. step the exeroifi^ 
have been written in only tw'O keys 0 am 
and there have m^vor been more than two parts. 
'Phe* second step brings forw’ard the keys of F* I), 
and B7, and the exeri-ises arc in three parts. 
TIk' first two (25 a.nd 2fi) present the new diffi- 
culty in tile' most elementary way —that is, with 
a <-o‘nsi(h‘ral)le use of holding notes. Notice that 
at tin* <*nd of tlie tirst section of ’Ex. 25 the right 
hand has a rest ot two beats, while the left 
c-oinjiletes the* bar.. He* earetid to have the 
s(*eoiid linge r <*xaetly above (lie E which begins 
llu* moving te*nor at tlie he-giniiing of the second 
se‘e-tie)ii. Fx. 2fi calls for no remark, unless to 
warn llie jilayei' against leaving the G in the, 
tenor part at Ou* (*nd of the tirst section. Hold 
it down Hrinly whih* the bass ])lavs E, E, D, 0, 
b(*ing ready at the' moment the tattc'r comes in 
with the F in the* treble* part. 

The iu*xt (‘xereise- is entirely for strengthening 
the fing(*rs and adapting them to the neat 
t'xeenlitui of pa'isage*'; running in thirds in tlie 
.-^ame* lianel. It will show the- lea-riK'i’ more than 
an\ thing he* has ye*t tiie-il liow weak and stiff 
is fhe* h-lt h.'ind. eompaie-d w ith the^ right. 'Phat 
IS only na.tnra.l. of e oiir.-^e*, since* in everyday life 
we* give* the* left haiiel so little to llo. To the 
))l.-iyer, howi‘ve*r, both hands are of ecpial im- 
porlanee*. and no tremble ought to he* spared t-o 
m.ike the* h‘f1 as supple and obe'dient as the 
light. ’Plus exe'ieise will do sonu'lhing tow’ards 
that end. IVactise with the right hand first, being 
eare*ful to press down both notes exactly at the 
^a.me* lime*. 'Phis (*ven prodnelion of the two 
sounds aiui iiltima-te* fa,eility of t‘.\e-‘Cution at a 
rapid pace* a.re' the* eliief <-nds to he kept in view 
ii* working up the e-\e*reise*. When the right 
hand begins to feel uneasy, take* thei left, irans- 
po.siiig the exercise an octave* lower. Presently 
the hands may be eom!>ine‘d, and the exennso 
.shonlel he* returm‘d tei daily for a eonsidewablo 
time*. Do not ove'r fatigue* the hands ; stop 
iiuim'diate*ly the* slightest pa, in begins to be 
fell. If the* stnde'iit has a. piano at hand he 
will Pmd material lienelit, by alternating this 
e'xe'rei.se between tliei two keyboards. 

Fingering. Now look at Fx; 28. We 
have liere a real “tune,'’ a well-knowti suiglc 
e'liant of Tallis. Glaneing at IIh* right-hand 
parts, you will s(‘e at onc'e* tliat, the compass is a ^ 
fourth froi*> V'Z b* H — and lan therefore bo 
t'oven'il hy the* f(»nr lingers. Always remember 
dial if a passage deics not extend beyond ^vts 
notes, the livi* fiiigtrs, or as many as may bo 
retpiired, should be used in their natural position, 
one for eaeli nol<*. Placing, then, the fourth 
finger on the highest note, the first toger will 
fall upon F^, and there will ho no use for the , 
thumb. From this exercise wo deduce a rule - 
which should be kept constantly in mind-— 
Xtver nse the thuwh on a Hack digital unneces-. 
rat ify. If wo had placed the third finger on th^ 

B in the molocW, the thumb M-ould have 
thrown on the F^l, which Avould have caused ah y 
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awkward shifting forward of the hand not 
jiistified by the necessity. 

Ex. 29 18 so simple as to call for no remark. 
Exercises 30 and 31 present the first examples in 
the key of D. In the case of the first, the second 
finger of the right hand is placed on 1) to avoid 
having the thumb on (-5. ])articular to 

restrike the D in the second bar, otlicrwise it will 
sound as being the alto note in the former bar 
held on. In Ex. 31 a little discomfort may at 
first be felt from the hands being brought so 
near each other, and by the left having t\vr> 
moving parts of its own. After good pn'octi< <‘ 
with the haiKls 8e])arately, the discromfoil will 
vanish. Ex. 32 is in six* pulse measure, and is 
played properly by counting two in the bar. 
In consideration of this novelty, tin* techniial 
side of the exercise has becMi kept simple. H^hc 
folhnving exercise introduces th(^ key of 
in which two black digitals have again to be 
dealt with. Keeping in mind the rule about the 
unnecessary use of tlie thumb on a black ki'.y, 
the player will ]»lace the tirst finger on B'’, tlie 
fourth finger will take E7, ami tlu^ thumb 
the A. The left-hand pari being only a fifth 
in {*omi)ass, will b(‘ played by the liand in its 
natural position. K(‘(‘)» the right hand Avell 
forward on the keyboard, otherwise when you 
come to use the sliort fourth linger on th<‘ 
an uneoinfortable forward inova'inent of the 
iiand will be necessitated. 

Ex. 34 has two ))ai’ts in the U‘ft hand against 
one in the right. The eompass of the latter, you 
will obs(!rv(^, is a fifth C to (J —and is covered, 
therefore, as before, by the ting(‘rs in original 
position. In the h'ft hand see that the tenor 
moves neatly and exactly with the treble in 
the third l)ar. The u])war<l piogression of the 
left-hand part Jicn*, whih‘ the melody is stationary, 
has a pleasing efb'ct, and should be arti.stieally 
done. Ex. 35 will be found very valuable for 
further strengthening the intractable third 
finger of tlie right hand, which is held lirmly 
on tin? key while the lirst and second lingers move. 
One would think it very (‘asy to k<H‘p a Huger 
pre.ssed down on a certiiiji key vvliile tin* other 
fingers shift about, Viut learners often find tha.t 
tlie finger has left its key ami wandered some vv ay 
out of its place. The moving part of the left 
hand in Ex. 35 is given to the right hand in Ex. 30 
anti an under ])art added. There is no jiartieular 
'difficulty hero, though some hands Hml and 
(* in the lower ])art a little awkward at first. 
Finally, to end this stop, vv'c havt^ the moving 
parts of Exoreises 3.5 and 30 “ varied,” lirst in the 
left hand and then in the right. 

Four-part Score. We are now face to 
face with a harmony of four parts, the yilayer 
having been led so far, first by a course of 
exercises in two parts, and tlien by a course 
in three parts. I^his rt^ading in parts admittedly 
proves a difficulty with learners, and before going 
further it will bo well to give some advice with 
regard to it, and reading at sight generally. 

To avoid the inconvenience which vvould bo 
experienced in re.ading from vocal score, only 
two staves are used, on tlie upper of which are 
'v^tten the treWe md alto parts, on the lower 


the tenor and bass. For the sake of distinction 
the stems of the notes of the higher part on both 
staves are turned upviards, those of the lower 
part downwards. VVlien two parts come into 
uni.son- -tliat is, hav'^e the same note- the fact is 
oxprc.sscd by writing the note with a singh* head 
and tvv(» stems ; or if the note as used in the one 
part is of longer duration than the note as it 
oecnrs in llu‘ otluu*, and if the dillcreneo b(?tvv’oen 
the two U ngtlis is one which cannot be expressixl 
by tin* stems only, tlie note is vvTitten twice, 
onci^ for eacli ]>;irt, and tlu“ tun nnte.s, which are 
plaeisl beside each other, an* written as one. Tliis 
will be seen in tin* second liar of the following 
example, where a single head with two stems 
vvould not hav'(' sufficed, as it vvould then liave 
been iin|'.ossible to tt‘11 vvlu'ther a croteh(‘t or a 
minim wi re inteiuhsl ; 



Oecasionally* a note which is sustained in /me 
part, is required to b(^ used a second time as a note 
of the other jiart Ixd'ore it has pnqierly come to an 
end. In that easi^ the kt‘y must lie pr'essed <lo\vn 
again where riHinired in the second, part, and 
this repeated noti' is then held for tlie remainder 
of the value of the original sustained note. 


Wi it toll 



'riu* conect remleriiig of many hymn tunes and 
pieces often riMiiiin^s an inner part to be divided 
lu*tvv(*en the two hands, and it will freipiently 
be found that neither of the hands is able to reacli 
some note in the tem»r or alto jiart as written. 

In the latter ease it will do no harm to trans- 
pose the inaecessibk* note to the oetavx* aliove or 
b(*low', ])roviiled alw ays that when so transposed 
it does not bec-ome higher than ‘the melody oir 
low'er than the bass. For instance, at. (a) of 
the following illustration it vvould be impossible 
to play the tenor ]>art as written : 



(/>), the lingers meet with no inconvenience, and 
the chord is then made complete. /..Theoretically, 
this method of bridging over ^Vdlffieulty is 
incorrect, but it is the oidy one 'S?6^atlable. 

Continued 
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THE INTEREST IN A WORM 

The Various Groups of Worms. Their Characteristics and Structure. Ho^ the 
Earthworm helps the Farmer. Worms and Pearls. An Industry Saved by Science 


By Professor J. R. AINSWORTH DAVIS 


CKVKnAI. iiK.iijK 
^ coJU'cl iv<‘lv Uiiow 1 


i tin* lowrr ar<‘ 

known as Woi in^'i I'lnnfs). .twovcl 
wliicli has a critaiii <-on\ cnioncr, hut is (ItM idetlly 
for most of th<*s(‘ ^roiijis an* l)ul. 
ivinoti'ly related. ’I'ln* nnnr im|»(Mt;inl of tlH*iii 
an*: (1) W'oinis {.I nut fn/.s) : (2) WinM*!- 

iiiiimah'iilcs { Httfift i <) : {.‘i) Sijdion-w onus ((ic- , 

• phffrca) \ (1) .M<iss ]»oly|)rs ; (.■>) Lanip- 

sholls {lU'dt'ltinjuxin) \ ((») Hound -^\ol•ms (AV- 

utathdnu'a) I t7) Flat worms { P/<ifffhdnii(i) ; 
(S) Xcnu'i tim* W'onus {X f tth rft a). 

Hinizcd woiins aii* rlnuoutcil croatun'S in 
ANhirh tlu’ Itody is made uj) of •u, oonsidn .ihio 
numlinr of riiijjs nr sromcnis. m«)st nl wliicIi 
an‘, on tlu* wlmlu. miuli .ililo*. d’hon* is oftm 
a. wr!l-ma.rk»’d lu'ad, hut lut distim-f thorax 
a.nd ahdomi'ii. as ui an insect or < raylisli. 'Pwo 
suhdi\ i, sinus air irrnunisi'd (z/) Hrist h‘-u orms 
(t and (It) L<>(‘{ lies {/>i.^ro/,ltnrfi). 

Worms of the Sea. Hi istio- worms inrludo 
a Imst of niavim* Morms. l(vu(>iiuM' uit(, soim* 
tIuU live iiifroh \\at« r. and also the raitliwoniis. 
'riirir av(‘ra</r i liara.' tcr.s aia* hest ujulerstond hy 
nxamiiiinjj: our nl tlu- romiuonrst t'lioir- w onus, 
known a,-, ihr sea rrntipc'dc (A'nz/.v) |520). 
Herr tlu* s<’u'mrnl,s ai'<‘ \rry rleai'H’ M‘en. and 
almost <*\'ery <»iu* ol (hem Immi’s a. ])a.ir of mi- 
jnihtnl eonical fonf sf urn 
usodfor craw liiir. "I'hr remoH' 
aiu'ostors of tin* jointed-limlu'd 
animals were no douht somr- 
what similar, hut in the <*(airs(‘ 
of a^:rs thrir srouirnt.s ha.\(* 
hreonu* fower in numher arul 
more specialised, while tlu* 
foot stumps lia,vc e\(»lved into 
jf>intcd liluh^^. 

lml)eihh*d in the fool stumps 
ot tlu* sea ceutipede av<* huudle.s 
of stronu \>ristles. whi(*h rivr a 
liold on the umh'ilyiu^ .sur- 
ta'*e, and prev(*nt slippiim. 

'I’he head region is fairly dis- 
tiiiet |516|. and hears a numher 
oi fei'lers of various kirn Is as 
well as four simph* <-y('s. Sea 
et'niip(‘d»‘s and many of their 

allii's are highly earmvorous. 

and sei/e their prey hy means 517. T.n ;. worms 
of a pair ot liorny ja.ws. wliieli 
eau U- protruded at will (516 ( ']. ) 

Wlien this is done ihij; nuiraular First part of * 
the digestive tube (phinpt.r) is pusher! out 
through tlie mouth. 

Soma the shore- womi.s have lieeome 
‘iiwid to enable them to live 

eonvenienW^rdt*r sUmes and in similar eraiuped 
places. so-uffied sea-mico [518]. Here 



it will he se(*n (fiat many of the bristles are 
long and .sliarp. .serving as an excellent means 
of d(*fenee. Jn om* kinti of s(*a*inouse (Aphrodite) 
(hey an* beautifully iridescent. On the upper 
side ol lh(' hi)dy arc* a series of scales [518J 
wiiu'h serve tor hreatliing pnrpo.ses. 

Sonu* oi the marim* hristh'-worms have taken 
to a swimming life, and in these the foot-stumps 
have been hioaden(*d out into serviceable 
pad<lles. I heir bodies ai’e ti'ansparerit. 

A Worm that Lives in a Tube. 
'Flu* bri.stle worms so far mentioned move 
actively about, hut some 
hav(‘ taken to a eoni- 
paralivi‘ly sluggish bur- 
row ing life, as in tho 
euse of the lllg-worm 
(An tncohi) (517J, greativ 
es1e(‘med as bait, whiefi 
swallows sand or mud 
for the sak(‘ of the 
not l it ions matter . con- 
la im*d (iiereiri. .Foot - 
h. 1\M.- e. and feelers are 

rednec*d, for Ihov would 
<mly he in tlu* way, hut heautiful feathery gills 
hav«* been de\ eloped. One of the specimens 
figmvd is ahuormal, for anntlu*!* individual is 
growing out of it, lik(* the liraneli of a (ive. 

A stieky Iluid i/ozes from tin* skin of a lug- 
Au»rm ami glu(*s Hu* surrounding mud or sand 
together into a sort of ill-defined tem])orary 
lulx*. Many hi istl<*-\vorms, liowever, liavo taken 
to a purely Ihxed or si'dentary habit, and these 
construct firm tubes of xlirious kinds and 
shapes. 'Fliey may he .)f horny texture, built 
of sand-grains aiifl tlu* like, or else ealeareous. 

A worm whieli lives in a limy tube is figured 
here (521] extra«*ted from its dwelling. 'Fho 
fool-stumps are grealiy reduecfl, hut sorm^ of 
tlu* iiead-teelers have lu'on converted into 
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elegant l)ran(*Iimg jiluines. Thc.s(i are beset 
w iili mieroseopic tluvads of living matter (Hlia), 
wlneh by iheir constant movement set up 
iurrents of. water. 'I’Ju* ])lumos themselves 
serve as breathing organs, and the cuiTents 
1 u*\ oi’iginat** bring all sorts of small organisms 
i'Md nulntinus particles to the mouth of the 
worm. Jfelow the plumes is a sort of collar, 
wlucli IS eoiieernefl with tlie making of the tuW 
I he .sinuous t*aleareous homos of onoz .of 
our eommonest native tube-worms (^errMb>) 

[522]. When fully extended the single head- ^ 
plume is a most beautiful object on account • 
1 shape and bright colour. 

alarin the worm retreats into 
.t^- homo in the twinkling of an e^. ^ 
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opening of the tube being clotjed by a conical 
stopper, formed by modification of a head- 
feeler. Tlie little spiral dwelling* of another 
common type (Spirorhis) is especially abun- 
dant on brown seaweed, and hero the conical 
front-door is hollowed out to serve as n 
brood-pouch, within which tli' eggs jiass 
througli the early stages of their development: 

The Farmer’s Friends. 

Earthw'orms f519] ai e profoundly 
modified in adaptatii^n to tin' bur- 
rowing habit. The point(»d hearl- 
end (one. can searoely speak of a 
head) is devoid of ft^eltu's and eyes, 
and the foot-stumps an^ only rc*- 
presented by rows of l)rist.]es, 
w’hieh fan be felt if the ling(‘r l)e 
passed along the body fiom back 
to front. TIutc arc no jM\\ s, but 
the muscular first ])art of the 
digestive tulxi {pharfpu') acts as 
a kind of pump for taking in food. 

M’liis consists of fragnuuits of 
plants or ev(‘n 
of aninicals, but 
mostly of earth. 

Tlie worm posscssevs 
a strong gizzard, 
containing s m a 1 1 
stones as in a bird, 
and making u]i for 
the absence of jaws. 

As Darwin long 
since demon- 
strated, the earth- 
worm is one of 
i he farmer’s best 
friends. Its bur- 
rows drain and 
aerate the soil ; 
while the earth 
winch luLs passed 
through its body is 
finely divitled, and 
constantly being 
brought to tlu' 
surface from lovv(‘r levels. 

Not far from tin* front 
end of an earthworm a 
thickening will be seen \ 519 j, 
often erroneously supposed 
to bo the result of injury. 

From it exudes a fluid \n Jiicli 
hardens into the egg-cast's. 

Leeches. Lt^eches live in 
the sea, fresh water, or (iven 
in damp tropical forests. 

Tlieir characters will ho 
Ijpiderstiood by examining a 

S licinal leech 1523], which is one* of the 
h water types. Tht^ flattened body is trans- 
s^*ly divkkid by grooves into a number of 
row parts, several of which go to make up 
a* segment. Foot-stumps and bristh^s are 
entirely absent, and progression is offocted by 
means of suckers, one at each end. They effect 
a looping movement, but the animal can also 
€wim by undulations of its body. This par- 


ticular leech is a blood-sucking parasite. The 
mouth is situated in the middle of the front 
sucker, w'hich serves to fix the animal to its 
victim. Three saw-edgctl jaw.s arc then brought 
into play, a three-ray(‘d cut being made, and a 
fliiid ponr(‘d out whic-li prt*vcnts the blood from 
clotting. Digestion is slow, and the food is 
storcjl in a large crop, drawn out into numerous 
pairs of pouches. The head pos- 
scss(‘s (‘yC'Sj)ots, but no tcck'rs. 

“ Wheel « animals.’* The. 
minute tiauspanmt creatun's 
known as irho / - <inhnalrul('‘< 
abound everywhere, provid(‘d 
there is a little moisture for 
them to sw'im about in. They 
may he kept in a dried condition 
for years, resuming tiieir vitality 
wlu'U plai*(‘d in wiitcr. Some of 
their i(‘ading cliaractcrs may he 
gatlu'icd from the ill list rat ic>n 
given of a common freshwater 
tviu*[525J. Tlie body isnotdiv'ided 
into segments, 
though tlie ex- 
ternal nioinbiTim* 
{cffticle) is traris- 
vcrscly groov(*d, 
especially in the 
mobile “foot,'' 
which is providi'd 
w ith a pair of pin-, 
cers at its ciul, ami 
sf'rvi's as a cieep- 
ing organ. 

At tile front I'ud 
of tlu* body is a 
ciliated disi*, or 
“ wliccl organ," the 
latter name being 
derived from the 
fact that tlie cilia 
move in regular 
succession, and 
give the impres- 
sion of a rotating 
wheel. This is, of coui-se, 
only an optical illusion. 
These movemimts cnal)lo*thc 
animal to swim, and also S(‘t 
\ip cuiTcnts which bring 
food part icles (minute organ- 
isms, etc.) to th(* mouth. 
Thi*sc arc ground up in a sort 
of gizzard, into wliicli tooth- 
lik(^ structures proj(‘ct. 

SoMu^ of the w’lici‘l-auima.l- 
culcs ari‘ sedentary, ami con- 
struct 1 uhuiar dw ellings. Jn 
one remarkabh^ ca^^ii [Mdirrrfa) these are mailo 
of pellets of mud, or other foreign matter, 
cemented together f524]. Each pellet is moulded 
into shape within a little cup, and there is a 
special cement -gland. 

Siphon>worms in tKe Sand. Siphon- 
w'ornivS arc distantly related to brist le-w'orms, but 
distinct segments are not to be made out, and 
there are no foot-stumpS, though a few bristles 
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iwr sornotiiuo.^; ]>rrft<*nt. The com won siphon- 
worm, Sipunculiis 1 527 A], borrows in sand, wliioh 
it swallows, after the fasiiitm r>f an cjutlnvonn. 

A more leinarkabh* form is 
Bonellia, of whirh the femab* 
is figured |527 Bj : mah- 

is miniito and de;{eiierate. 

The animal Jinks vNitli its 
rounded body seemely eii- 
seoneiMl in some mek eianny, 
wliile its loll}! forked |ii(»l>os- 
eis is I’xtended to ;t, relat ivejy 
enormous distjuui* in seareli 
of food. d’his is rcuidm ted 
aioiijs; a jiroove to the mouth. 

Many Bodies in One. 

.Mos,s-]>olyp(‘S me tJie lir^t 
exainph' m’c liave met <*l 
cutonia/ aniinaU, in wlii' Ji a. U* m r. 
n,.,nb,..- ..f in.li^i, Inals 'I',;; 

/;e.s) are a^p;ren;ite<| t(»j.'et lie?’, ii,,, . iu\> 
their bodi<‘S beinii a, tii.illy 
eontinnous. 'I'lu re is a lua u\ 

(or .sometimes ealeaiemi,-) rv- 
ternal .skek'tnn, as it ii a -< i a - 1 
of little flips 1‘ni- the irci pta>!! 
of tile pitlypf',. 'riie <'nlnn\ 

IS formed l)y tlie iuiddinu cl 
;ui orijiinal individual, and a. 
mori* or k'ss plant-lilo' .i.ppeai - 
aiiee is typiiail. A*<omm(>n 
freslu\ati‘V type {I'hniuih Ud) 
is tii»ur<‘d ( 528 1 , f«'om Asliieh i( 

N\ill be siM'ii tliat eaeh ]»(»lype 
possessi's a crown of ieeleis. 

'Pbi'si* an* filiated, .iiui '<er\<‘ 
as lireatliiiia oi'j^aiis. .dsu 
settiilji;' 11 }! mirrent^ of wati r 
wJiieh liriiifi Jood. 

One of tin* best known wiieel-anim vlcitle 
marim* kinds is Die sra-m.n «iis«* 

(Ay«.-/m) 16331. •"I'i' l' l-’-l-- T-avilV^^ 

Vi‘ry mueii like a Hat sea inomii /. uiz/aiii 
weeil. Opon tliis paitieular 
s})i'eim(*n tufts of amithi*!’ species 
an* growiiifi. 

Lamp^shells, 'l'lir>-e werms 

ani" often mistaken for mnllu'-cs. a.s 
they pnsse.s.s a, bi\al\r 
the valves of wliirh, Imw- 
ever, are upfHr and hnrt,-^ 
not rigid and left, as in a 
mns.sel or eoekle. In tin* 
tongne-.sliell (Lin(fffht) (526j, 
the shell is Jioniy, and tin* 
iwiinial lives in a Imrrow in 
fhesaml. Between tin* two 
halves of tlu* shell a flesliy 
stalk pas.ses out. and this 
can 1)1 r.'ntraeted [526 O') 
so a.s to draw' the animal 
down out of danger. Pro- 
jwding from the ‘ ' 

ciliated fringed 

part as tlie erow n ot feelers in a moafi-polype. 

Jn iaiup'Hj^lls ( 529-530], the valvcsa are trana- 
pakarer.utj. The lower one is much 
other, and is pierced by a hole 
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througli which the short stalk project^; ThitV 
serves to fix the lamp-shell to some firm object. . 
Round>worms : A Danger I » Food. 

Th ese are unsegmented worms 
of cylindrical shape, pointed . 
at cither end. Most of them 
are internal parasites, which 
give rise to serious or even 
fatal di.sease. An example •. 
of one of the larger forms 
(.1.vrur/.s) is figured j532J, the 
sharply lient tail .showing it 
to be a male specimen. Well- 
known species of tlio genus 
infest the horse and human 
luing.s. .Vnother obnoxious 
ronnd'W'orm {Dochtniu^) at- 
tacks the lining of the small 
intt*stine in man. and causes 
‘ miner's aiueniia." 

The female of the Oiiinoa- 
wni-m {Filar in mvdmensis) 
li\(‘s under the buiuaii skin 
in tro])ieal .\friea, setting 
up abse(*ss(*s. its slender 
luuly is two b*el in length or 
even moil*. A minute related 
.‘•piM'ies swainis in the blood 
of human beings in tropical 
regions, but is only to bo 
found tlu*re at night. The 
round-worm, however, which 
is most dangi'roiis to man is 
a form known as TrkhhuJb, 
whi(*li is imder one-twelftli of 
an inch long. It infests the 
1 ji t . and if this should be eaten 
by th(‘ pig, as it often is, the 
young worms bore into the 
walls of the stomach, and are 
eanied in the blood to the * 
inusek‘s, where they pass into 
a quiescent or encysted con- 
dition. Should a human being 
eat insufiiei(*ntly-cookod pork 
containing the young worms, 
they become mature in the 
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527. siriioN-woRMs 

Siiuinoulii.s B. Bumlliu 
in. M'lutli 

i<les of the mouth are two 
arms, ' which play the .same 


5:26, TON ori*> SHELL 
IN nruRow’^ 
a. oiM iiiiij; Ml' hiirmw 

b- .Siilo-vifW of Wiell 
c. Slu ll M ill iTmiu Hat 
€i Stalk (Tf)o ;i flows 

.^Ijmw iIk- (lirtrtiMn of stoiuacli, producing eountles^ 

female), the embryos 
hat (died from which 
make their way into the 
muscles, and become en- 
cysted. Serious illness, 
and not infrequently 
d(‘ath, result from the 
disturbance thus sot up, 
for though the parasitfMS 
are very small, as m^y 
as 40,000,000 may bette- 
sent in the same victK 
Flat-worms. T^e 
are unsegmented fohm 
in which the bexfy is 
generally flattened from' 
. . , above*downward8. Very 

nmny of them are parasites with a Complicated 
hfe-history. There are three irroUm of the^ 
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creStures, (1) Planarian Worms (Turhellaria), 

. (2) Flukes (Trematoda), (3) Tapeworms {Cestoda). 
Planarian worms ^^bound both in salt and 
fresh water, and some of them arc even 
found upon damp eartli. Tlioir skin 
is soft, and closely beset with cilia, 
by means of which they are ahh^ to 
glide along in a eharacteristh* way. 

Planari.ans are. highly <uirnivorous in 
habit and possess a long ninsiMilar 
pharynx, which can be protriuh'd from 
the mouth in search of prey [535]. 

A Sheep Parasite, f’ho fluke 
group is clos^ily allied to the hist 
one, but the animals ineluded in it 
have hceonio greatly speoialisi'd in 
relation to the parasitic hahit. Tli(‘ 
covering of cilia has Ixsai lost, wliihi 
suckers and other organs of atiaeli- 
ment liave been dc'celoped. 

We may (‘onveniently take as an 
exampU; the livei* fluke {Dlatoymt In pa- 
tirum)^ the eanse. of tin* clisease 529. LAMP 
known as liver- rot ” in shee]). 

• I See A ( ! RTcai r/rt jr r , . j lage 2()2 5 . ] ' 

The adult parasite, which 
attacks the livin' of the sheep, 
is leaf-shaped [537 J, and an inch. 
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fl. Upiun* valve b. Un<ler valvf 




lifo-history is complex. The chances of vsurvival 
in a given case are so. small that if it were 
not so they Avould soon become extinct. 

'f’he eggs of the fluke ultimately pass out of the 

body of the sheep, and if t his take place 

on dani]) ground in the vicinity of 
water, tliey have a chance of developing 
fiirtlier. Low-lying jiastnres liable to 
bi; flooded offer particularly favourable 
conditions. A minute ciliated embryo 
hatches out from the eggs 1537 BJ and 
swims actively about in .^•carch of a small 
species of water snail {Limnanis (run- 
catulns), soon perishing if unsiiceossful. 

Till' ciliated embryo bores into the 
lung ehamluT of tbe snail and biu-omes 
an irregular germ -bag [537 J)]. Within 
this the next stage or redia is ileveloped, 
which makes its way to the snail’s liver 
and feeds ujion it . 1 luring t he summer 
s(‘\'eral' geiiei at ions of rediie arise, one 
within t h(“ nlher. by a process of internal 
snKM.s buclding, L.itcr on in tlie sea.s<>n the 
ui'xt slag(‘ {rerraria) is similarly 
formed within the bodies r)f tlie 
la,st generation of redi.e. It re- 
sembles a minute tadpole in sliape 
[537 F j, and Tiiakes its way out of 
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532. MAT.K ROUND -WORM 
(S('\ is .slK»wn •)y the curly tail) 


or ratlier moj-e, in length. 

The mouth is in the 
middle of a sucker, and 
situated on the end of a 
conical projection. A 
second sucker is present 
on the undei'-side of the 
body, far forward. Tlie 
food consist s of * blood, 
and disintegrated liver- 
substance, tak(*n in by 
ihC/ action of a pharynx 
that serves as a suction 
pump, and passed on into 
the numerous branehos 

of iho forked intestine. 533 

Very large numbei-s of (Pi.otograpi., by 

eggs arc produced, as 

will be realised from the fact that the gall bladder 
of a sheep infested by about 200 flukes contained 
something like 7,400,000. Parasites of all kinds 
arc notoriojusly fertile, especially wdien their 



the snail, swimming b> 
the stem of some water- 
plant, losing its tail, and 
passing into a quii'seeni 
or encysted stage, in 
which it is surrounded 
l>y a limy covering. If 
a slieep luops somi^ herb- 
age to wliieh tlie cysts are 
attached, their limy coats 
will dissolve in tho 
stomach, and the young 
flukes thus liberated pass 
(/U into the. intestine and 
make their way up the 
SEA-MAT bile^duot to thc MvvX. 

Prof. 11. u. ibntbv) Tapeworms. All 

the tapeworms are in- 
ternal para^^itos, and the characters of some of 
the more simple among them show that tlicsi^ 
creatures have descended from flukc-liko ancestors 
by still further modifleation. Digestive organs, 
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in the in'diniMy sf'nse. are entirely aWnt. for 
creatUTOH live surrounded by nutritious foo<l 
in the liquid form, consistiii/? (‘itlier of the <lig<*stf‘d 
for»<l or t)ie blood, etc., of tlieir lio-st:-- This is 
ahsorlMHl through tlu^ soft eoveiin^ ot the body. 

t)nc t>f tlie best -know II inenibers of t]i«‘ f^nnq) 
is the eoinmon tape worm {Tttfua >■• 0 / 001 /). 
whieli live.s, when inlult, in th(‘ intestine of hnnuin 
beings [531 and 536|. M the front <nd a 
niiniite *']ieud*' whie]) liokts on by liook- 
suekers to tin* 
lining of tlie , 

iiiteMine. Ji.- /■„ 

hind tins are 
very 11 11 in /' 
rolls (latteiied 
joints (finrfhtf 
fitly), of which 
die ripest aie 
ihosi* furthest 
troni the liciid. 

Kai'li joint 
gives ris»‘ to a 
largr* ninnhe>’ 
of eggs, and 
s i n e e n e w 
joints ai'c eon- 
sta.ntly being 
jonned during 
llie life of the 
worm, tliere is 
little lilvi'Ii 
hood of tli(‘ 
parasite be 

coming ex- 
tinct. 

r li e r i p e 
t a p e \v o r m 
joints ]»as.s out 
of the body of 
the host, and 
if any <»f their 
eggs ehaiiee to be swallowed by a suitable warm- 
lilonded quadruped, esjieeially the jiig, tbi y ile- 
veiop furtber |5361. .V minute spberieal embryo 
hatelies out, and by means of six little books 
it possesses bores into the blood-ve.s.xel's a.nd is 
earned to the muscles. Her<' it passes into the 
<|ines(‘ent bladdi-r-w orm (rf/stlrcfCKy) stage, in 
•whieh it may remain indetinitely, foi- no furtln r 
devt'lopinenf can take ]»laee in tlie body of the 
pig. IV>rk infested hy bladder-worms is said to 
lie “ measly. " for the encysted j/arasites ^ixe 
it a spotty appiMranee. 

3’he bladd»'r-w orin is a Jiollow spliere, tin- wall 
of w hieli is puslnsl in at one spot. Tin’s in-j/ushing 
is gradually eouverted into a tapeworm head, 
lmlii>w , <ind outside in. Should a human being 
<‘at some measly pork \vhi< h lias been iiisiiffieienlly' 
cooked, tlie tapt'worm head of tlie bladder- 
worm turns insiih' otit. aiul beeomes solid, wbile 
Um bl.'dder itself is absorVied . The head attaches 
it*ie)f to the lining of the stuall intestine, the chain 
of joints dcvt‘loj>s, and tlie adult stage is reached. 

flow Science Saved a Pearl Industry, 
Th.e tinest *' orient pearls of Ceylon are merely 
i of dead t ape’A 01 ni embryos. In this 


case there are thf^ee hosts, and their lifeiistory, ' 

I. (‘iliatcd embryos which hatch eut from the 
eggs <‘nter the bodies of fiearl oysters, and pass into 
tlm bladder- worm stage. Some of these die and get ^ : 
sun ounded by layers of limy matter ; hence pearls. 

•> 'Hie file-tish {liaUtde.^) feeds upon tlie pearl 
oysters, and some of the bladder- worms taken in 
fhwrlop a stage further. 

:>. A large ray [Tiffyon) fireys upon the file-. 

fishes, and 
within its iii- 
t e s t i 11 e the 
f a p 0 w o r m 
attains its 
full devcloj)- 
jneiit. Tape- 
As' o r m eggs 
])ass out of the 
body of tJio 
r/iy, and the 
c* ni h r y o s 
which hatch 
from t h e s 0 
a 1 1 a e k t h ti 
pearl oyster. 

'riie pearl 
1 a p e w o r m 
alTords a good 
i xample o f 
till* value of 
seientitie r(‘- 
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536. TAPE wo RAT 

Ik'jcl, w nil lio'ik'! ;»iul ''lit kfi" h, >i\- 
Inirikcii fiiilir.io r. Yniiim 
(si’ctioiO it. Full giV)\Mi Ma'Mii-W'-nn 


with Itiuiiilu’d ii!lf'.iim> jiml Si'ai’ell to iu- 
}, »‘iu»ui'<i ( iiiUi'vo r. w.ui r d\istry. A foAv 

years ago the 
Ceylon pearl liNheries beeami^ gieatly diqireeiated 
in A nine, a, lid to diseoA tT file i‘(‘ason he(‘ame an 
uiiient matter. I'^irst eauK* thc! so call(‘(l “ prae- 
lieal ' man. who. i-i'asoning by the “light of 
Xalure, ■ sugge.'>ted that flle-lislies should be 
ruthlessly exterminated, since they devour pearl 
<.y>ters. lAu tiimdely the aid of seientilie iuvesti- 
ga.t idU \va< next in\'nk(‘d, and the* life-history given 
wbuvi* was math* out, ]>roving eouelusively that 
extermination of tin* liledish would do away 
AAith thi‘ formation of orient ])earls altogether. 

A Rare Sight by the Sea. Neinertimi 
wnrms. imsogmented and usually cylindrical, 
ar(‘ a innmM'oiis marine race, thougli practically 
unknown to oilier than proh'ssional zoologists.* 
Sonieof tliem are mueli cAongated [5341, and may 
’ found eoil(*rl up in odd corners between tide- 
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uuiik^. Due. of our commonest British spodies 
i> jet black in colour and s(‘veral yards long. 
Helpless tliough thesi^ ercatures appear, they arc 
eminently eamivoiou.s, and devour tube-AVorms. 

.\t the fi-oiii (Mid of the body, immediately above 
the mouth, wliieli is oil the under-side, a smaU 
hole may be set n. Through this a long tubitfar 
proboscis can be shot out, and this is tho means 
by AN hu ll prey is secured. In some neraertines 
its ti|| is armed with sharp stylets, at the bases 
of AAhieh poison-glands open. Nemertine worms.- 
haye a considerable theoretical hiterC'St, becauso : 
in some resjx*ets their structure foreshadow'd tbd 
peculiarities of backboned animals, which possibly ' 
have taken origin from creatures of the kM* \ 
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if A ciAsting i» ac(icpt(^d as sound and strong only 
hrcauso tho test bar is sound and st rong, trouble 
will in many ^'ases follow. Hy tb(‘ asj)(“t of 
tli<‘ fractured surfaces their dull or lustrous 
appearama — the ex])eri<*tuM'd inspector is able to 
form an ap]>roximate estimate of the ehara<‘t(T 
of the iron, w}u*tlier poor or good, hard or soft. 
Uniformity must tK*\er lx* looked tor either in 
test bars Of in eastings run from tin* s.ime ladle 
(>f metal. X'ai iations (»l 10 or -JO per e(‘iit. occur 
in hars, and twice as nmrdi in eastings of variabU- 
sections. 'I’liis is one leason wliy a. I;ng(‘ margin 
of sitety f»nist h<‘ all(»wed. Mene(‘ lest bars 
alom* are not relied on in a, rigid systetn ot iii- 
sjK'ctioii, hut a small piaia-nt age ot ca.stin«:s is 
hroken. d'liesi* ar<* taken at ruTidom. and are 
thta’efore reliable .saau|ilos ot tlir wliok*. 

'riu'i'e is on(“ aspect of the test ba.r tliat ba,s 
,)tdv' Inaai taken a,ecount of in l.-ih' years -n iinely, 
slirinka.gt*. H<'re \\(‘ toiudi th<‘ t»ingo ot a \vidt‘ 
siihjeet, known to foundryimai a.s K('f/t.< /os/v. 
'riiough nllima,t< ly bas<>d (ui tlu* cluaui^try of the 
iron n'i.nu‘ly. on llu' jn'oj>ortion <»r silicon pres«ait 
i?i r<'la.ti(»n to other elcmiaUs, cai l>ou chie(l\ 
arjd to lli<‘ ma>.‘' <tf a. easting, the slirinka.ge 
of tli(‘ ba.i‘ is use<l as a. (e.^t to re\('a.l the pby-iccl 
clia-raeterist ics of the metal. WIkmc Mr, Kecp\ 
t»*sting appli.'iiei's ar<‘ iiistaJletl, \<ay precise 
t<'sls can he imide with little i isk ol error in 
judgment. 

Castings. 'IMie test pieces from a. ea-viing 
or a st<'el plate may fullll tike tkanis of the speci- 
lication as to strengtli aaul ductility. <‘te ; but 
tliat (lot's not guii-raiitee a sound casting (»r plate, 
W'liicli must he tin* ohjecl of a e.UM'ful inspi'ction. 

(.'a.slings oll’er hy fa.r tin* grt'alt'i' dilli<*nlty, 
plati's heing genera.lly homogeneous .laul reliah!«*. 
Uaslings are often not hom(»geneous, h<*sides 
which they siihjck*! to la.ults (lt'\ (*l(>pt‘d in 
]K)uring suid cooling, faults in the mould, or 
due to had j)rof)oi't ioning. .Many of tiu'sc' an* 
Jiidden, tliough their exi.st enc(‘ may he stispeetial 
hy an experienced m.an. d’iiey may often reduce 
the strengtli of a easling hy as rmu'h a.s od per 
('(‘lit., so that the test piece alone heeoiues 
illusive. 

Faults, d’he w'orst faults in eastings are 
draws, blowhoU's, and gent'ral spongiin'NS. A 
rough skin should not condemn a sound easting, 
hut the faults just n.vincd sliould, if tiny exist 
in vital parts, eomhunn a smooth easting. V»v 
vital parts are meant those whieli are sn !>](*(• t. 
to seviTe stn\sses of a t(‘!isil<' or cross heiidiiig 
eharnoter. Faidts may occur in parts wdiieli 
Arc subject to liftle stress, or to one of a pun*ly 
crushing ciiaractcr. Tiny may ocetir in the 
neutral axis of a hodv *<»r in^ the centres 4 >f 
masses snvrtainded with metal far in ('x«'ess of 
that i‘**rjuirt‘d for mere stiaatglh, as in some 
portions of machine framings, or bed plates. 
Hem'o tlu' inspector must judiciously niak(‘ a 
dilftini ■ ion between the \ ital and tlu' non- 
essential. 

Draws. Draws, (»r open spa(‘(?s, are a-s 
ofl^n as not invisible from without. If due to 
the shrinking of metal away from central 
por^iorw,^ is no indication of ihoir presence. 
But thin and thick portions tic one 
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another, drawls may bo suspected. Hammer 
taps will then indicate a tense condition. Draws 
n(H‘d not occur in a properly designed casting. 
But the moulder can do much to avoid the errors 
of the draughtsman hy judicious local cooling 
off, or, ill st(H*l, by filling in fillets in -weak places. 

Blow holes. ^ Blowholes and general spongi- 
mv.-is are due to insnflicieney of vents. A. clean 
surfae(* may eonei-al sponginess The hammer 
t<-st may detect it, or small bob s on the upper 
surface 'mav indicate the presence of ext/ensivo 
hloAvliolcs which may he ])rohed by a wire. 
P»I(n\liol(‘S an* most liable to occur on the up|)cr 
facc.‘< of cast ings. 

3cnhs. Scabs arc visible on the outsidi^ 
and if the fcttlcr has trimmed tlmm off, tho 
smoolh surfact' indicates what he has d(ine. 
Tlu'ii holes art' prt'stmt somtnvhcre in the casting, 
Ix'cause the scab is simply nu'tal taking the 
plac(' of sand that lias Ix'cn llakt'd off and 
washed away at, the time of ]x)uring, and lies 
souu'wlu're in tlu' mould. Such a casting, if 
subjected to much stress, must be regarded -with 
suspicion, and may have to Ix' ('ondemned. 

Platt'S, slu'ct--, ami angles art' liable to pitting, 
and to st'.uus or laminations, but; far less so in 
stt'cl than w rough I iion. Stt't'l is practically 
homoL^'Ut'ous : po(»r iron is not. But if spongi- 
is prt'seut in a stt'Cl ingot, it will show' in the 
rolled plates. These faults e,in bt' dt'lt'cted only 
by ocular examination, and by hammer blows 
lu tin' ease of lamina titvns. wiiich, it jwt'sent, 
do not ('init a t lt'ai', ringing sound like a solid 
plate (hx'S. 

Impact Tests. Tlit'st^ art' usi'd for rail- 
Avay rails, tyres, and a.xlt's, Ix'caust' the stresses 
which tht'st' have to sustain arc of tht' nature 
of shot'ks or hammer blows. Tensile tests 
art' usually taken also, but the rails, tyres, 
or axles must jiass th»‘ drop tests lieforo 
tlu'v arc acct'plt'd. Tlu'st^ vary in different 
con lit lies. In Kngland t'ligint' axlt's are tested 
by th(^ falling of a J -ton wt'ight through a distance 
of from 2'} ft. to :{() ft. 'Pile number of blows 
varit's, ranging from live to sixteen. Tho 
axles art^ laid in bearings [i ft. 0 in. apart, and 
are rcversi'd aftt'r t'ach blow', or each alternate 
blow, so tliat the result is a number of bendinga, 
ranging from in. to If in., and straightenings, 
whieli tho axlt^ must endure without sign or 
trat'k or fraeturt'. Then, Jiaving withstood 
tht'se, the axle is broki'n, and specimens t'ut from 
it for tt'usile and bending te.sts in a inachino. 
Bails are testt'd in a simihirly severe manner, 
Avitb considerable variations in different coun- 
tries. 'Fyics art^ also subjected to a drop tost, 
being stooil edgt'wise, and rt'ceiving successivo , 
blows from a, 1-ton Avcight dropped from an 
increasing range of Jieights, extending from 
10 ft. to :10 ft., until it is bent through a Stance 
of one-sixth or one-eighth of its external diameter 
without cracking. 

Finished Mechanisms. These, speak- 
ing pmcrally, are tested by the agencies by 
which they are stressed in practice, as steam 
water, imposed loads, etc. The teats may 
have for their object the strength of the 
mechanisms, or their rigidity, or stability, or 
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llio tightness of joints and seams, fri another 
rlass of test, speeds, discharge, capacity, pow(*r, 
c^tci., are ascertained. 

Steam-pressure Tests, 'rc'^ting by steam 
pressure to he snr<‘ th(‘ str(‘ngth of a 
vessel is practised to but a limit<*d extent, and 
then, as a rule, following hydr aulir te^ts. Kven 
in steam boilers, with tin* exception of the 
UxMunotive, it ir> not grmMally practi^u'd. Many 
hold that it is i>f no valma vUilo it i- eertaiiUy 
risky to l(‘st a boil<T at niu<‘i\ higlna* ])ressun* 
than that at wliiclj it has t(» lx- worktal. M’lie 
iiydraiilic test fnItiU ll\<‘ r(Mpnre(l eorulitions 
efpiaily well, and in\o!ves no risk whytevia-. 
On the other l\and. teeing l»y steam done 
under "working eonditions of expao'^ioti <hie to 
heat-, and these will olten lind out w<‘ak and 
leaky seams that a Jiigher iiydraulie ]Messure 
Inul faih‘d 1 o det<‘et . 

The Hydraulic Test. 'J'his is by far tin* 
most vahiablo and most extensi\e1y empU>y(‘(l. 
It can ]>e reg\da1(*fl A\ithin any ra«\ge with 
absolute ])reeif'ion, fiom a lew ]M>unds t(» 
two thousand ])onnds or mori* to the sipiare 
inch. Jt te.'.ts llie stn*nglli of pipes in imn. 
steel, eopper, and eopj»er alloys ; the tight lU'ss 
of A\elde<l and ii\etrd joints, of caulked. <»( 
lla.ng«‘d, ami othei' joints If a joint faiK. theie 
is just a. fizz of 1 ‘seaping \\<iter, oi' a mere ira juthf 
only, and the i)ressure i- reViexed at mu'e, .and 
tlle^efot«^ 1h(*ro is no danger as then* is with 
the highly elastie steam. Pii'ssnre wal<‘r tin<ls 
out spongy imdal, and aseeps tlnough it, lumee 
<'a.st ])i]u's are le-ted tlnn. 11 will lind its avay 
throngli bad tvi'lds. throngli boih'i* staims im- 
])(‘rfeetlv' riveted and caulked. It a\ill fore(' it.; 
iviiy betav(‘en tlio leathers ami lams of Iiydraulie 
eylimh'rs if tlie leather and tin' iitting an* ])oor. 
Tho test jaa^.ssure pump is used, titt<‘d with a, 
gauge wliieli indicates the rising pressure 
iieeurateiy. 

Deflection. Tlie ainoimt of defha-tion of 
a beam or slriieture under a dea<l or a, live 
load is very important, and spca-ilical ions .iro 
gt'iieriilly sfringi'iit on this point, M'lie maximum 
load on a sti'iieture must not stress it b(*vond 
th(» elastie limit, and the striu tur** must th(‘re- 
fore possess sullieieut ligidity or resi.stanee to 
(‘liable it to V(‘turn to its original form on bi‘ing 
reliov(‘(l from its maximum load. 'Diis origln.d 
form lUH'd not be that at whieli it leav(‘s tin* 
mamifact un‘r, but that which it takes after it 
has nccjuired a jurmitHrnf sit. Jbil spet ilications 
as to amounts of d»‘M(*e(ion pt'iinissibK* gnm-d 
these foiitingeiieies. and the insp<*( ((.rs liavt‘ to 
SCO that flii'v art* fuititled, Sonu'times lirms 
liUvo liad to subslitutt* new gird«’rs for others 
that w'ouM not stand the ik'lleetion t(‘st. 

A.lignment. ^rhis signities the eeiitres or 
axes of shafts, spindles, bearing.'i, etc,, being 
in ono plane, or in line. It is most important 
of shafting, in imnhine tools, and 
engine rods. It is tested in s(une eases by the 
£>Aine methods as those used iner(M*lion, naniidv. 
by straining lines, and hy jiaraJkd straightedges 
and >^oirrt' levels, .or by plumb lines, "ihit for 
inaehitte cotjtstrnetion this would not be 
AjCcur»te enrin.^&. Centnv may be brought 


together, but that: is not sufficient in some 
casf's. Fin(' alignment is checked with an 
indicator, the point of which is brought to 
the centres, or axes, and any departure frdm 
accuracy is magnili(‘d at the other end by a 
))ointor inoving over an index. There is also 
a practical t(‘s1ing eominoniy done in lathes, 
which will be noted Jinniediately. Alignment 
in moving pistons and lods, and crosslieads, 
<M’ .slipp(Ts in their boit^s, glands, and guides 
is oft(*ii l(*st(‘d aft(‘r (‘rection by moving them 
along. :i.ml judging of thif lilting by the 
or stiffness with which they work. 

Stability. This is one of tho essentials 
in structures which are subji'cted to stresses 
tending to disturb t}u*ir (‘(piilibrium. It has 
itN apf)lieatiotis in locomotives and rolling 
st(M k, and in balanet*d jil) cranes of all kinds, 
but specially in the travelling typi's. The 
higlu‘r the e(‘nlr(‘ of gravity, Hu* smaller. oth(‘r 
conditions b(‘ing (‘(|iial. is flu* stability. Hene»', 
w'lMght is, wlu‘n possible, massed low down to 
inwer the (*entre of gravity ; and the basf*. 
whellier whc'*! baa*, or f<»nndali<vi\ plati'S, or 
beds, is made as broad as prac'tieablc. 

Horse^^power. "I'his is (‘stimaU'd as tie* 
numlu‘i of pounds, lifted one foot higti 

per minute. It asix'it aitu-d by eakadat ion, 
or liy brake, or otlu'i* d\ namoineter, or by the 
intliejitor. 

Speeds. Titest* are reckoned by observation 
if slow and not ('xi ended ov(‘r a- long lime, as 
tile sp« r(ls ot siiafts, revoint ions of sonui (‘iigines, 
and machine tools. Kill tinder op))osite con- 
ditions .a, ivvolnlion or spi't'd-eountta* is used, 
wbieli n'corils anlomatieally tho number of 
rev olid ions. 


Modulus of a Machine. Tn jilain 
words this means the (‘fhei(‘ney of a inaeliine, 
or the relation or })ercentage of tint work which 
it is e.ifiahle of doing to that Avhieh is put into it. 
It is always a fractional part, since no inaohiiH* 
can jiossibly givi^ out all tin* (*nergy it receives 
unless it wen* absolutely frictionless. CVdonla- 
tions based on theori‘t.iad figures are of little 
value here because t]n*r(‘ are so many sonrees 
of loss Aihieli go to ma.k(^ up the total. The only 
j)raeti<nble and n'liabk^ xvay is to test the 
niaeliine as a whole, and Avhen the w'^ork wdiieh 
is ap|)lied to it and absorbed by it is knoAvn, 
then the pei’(*(‘ntagc Ixdwi'en that and the "w'ork 
(lone n*pivsents the modulus, or offiemney. But 
this Imkls true only iimh'r identical eonditions. 
The ellieieney w ill not be tlu^ saim* undi‘r diffi'rent 
loads hee.iuse. in g('iu*ral, frictional resistances 


.V. inunT gn*ai.(*r or i(.‘sser, Joaas, 
due to tlu* surfaces in contact. Thus a planing 
maebine absoibs lU'arly as mueli poAver w’hile 
running idly as Avhen cutting metal, due to tho 
inei tia (jf tli(^ heavy tabit*. Th(^ pow^er of an 
engint* varies directly as the steam pressuto 
and velocity, so that it is (visy to double the power 
ot a given ongim^ without affecting the friction 
inueh. In Iiydraulie rams and pumps, and in 
machinery running at very liigh speeds, friction 
anrt lib balanced parts complicate matters, but 
in axerage machines the remarks just made 
hold good. If therefore^ as the result of tost, 
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tt)c .modulus of a macbinc working under givon 
conditions is kno'v^ii, that of machines of different 
powers can be ascertained. The gross horse- 
power, or foot-pounds of woyk absorbed are 
multiplied by the modulus. 

Testing Machine Tools. Machine tools 
are subjected to tests for accuracy and 
for capability to tKU’form the work dcinandc'd. 
The latter is chietl}' a qiuwtion of driving ])owt'r 
and strength of parts, eoinhiiied with close 
fitting, to prevent slackness, exee])t as rogaids 
the capacity for speed. Avhich is governed in 
many cases, such as in automatic screw machines, 
by the skilful S('tting of cams, etc. 

Machine tools an* used for tin* }n’oduction of 
true surfaces on work, so thal quest ions of align- 
ment, parallelism, and scjiiarcncss of spindN's and 
s1id(*s in relation to each otiu'r aic of paramount 
importance. whci'(*as in an engine, pump, 
etc., so Jong as the ]>arts work correct ly and 
freely, it may be jiassed. Bur a machines tool 


may look andopeiati* apparently to, perfection, 
and yet- be very inaccurate in its product. In 
good work it is usual to test, relations after the 
titter and erector have done their part, and set^ 
that tho permissible limits of error arc not. 
exceeded, absolute accuracy of courst* not being 
attempted. The principal forms of tests relate to: 

Lathes: Alignment of the lieadstock and 

poppet axes in regard to each other and to the 
bed, and squareness of tho rest, setting, so that 
turning, boring, and facing shall be effeeted 
parallel, and at right angles. Planers : Square 
relation of the mwights with the tables, and 
parallelism of the cross mil therewith. Shapers: 
Parallelism, and squareness of tho rani move- 
ment in regard to the table. SloUera : Perpendi* 
cvtlar movement of tho ram to tho table slides, 
Oicluding rectangular relation of the latter in 
regard to each other. Millers: Parallelism, 
:s,and squarene^ of the spindle in relation to 
table, and truth to the latter at right angles. 


Drillers and borers : Perpendicular relations, 
and parallelism of the spindle to tho table or 
base. Orimhrs : Alignment of spindles to beds 
and tables, and squareni'ss of cross movements. 

Indicators. In those* machines whicli have 
rot at ing spindles care has to be obsiTvod 1 hat they 
run truly. sin(‘e a very slight animuq. of <‘cccn- 
tru'ity Avill s])oil results, espeeiallv in lathe.s, 
milling machines ;in<l grinders, Avhih* in drilling 
machine's the* “'running out " of the drill caiis<‘s 
m\ich annoyance* and risk of uritiiie work. In 
tc'r.ting such sj)indlcs, u plug, ground truly and 
parallel, is inserted in tin* e(*nt.n* of tlie mandrel 
iiole*. aiul the spindle is r<‘volv('d. An indicator 
is then made* use* <d‘ [353 1, a. d<‘li<*ate* instrumi'nt 
e-oinprising a syste‘m of l(*ve‘rs Avhich magnify 
the me>ve‘me*nt e)f a. stud or feeler. A, serfiwed 
inte) a ])ive)t<‘d hhu k, 1>, which moves levers t) and 
I), the last having its e*nd travelling acreiss 
gvaduatie)ns on llu* to]) e)t‘ the* erasing. The levers 
(• anel T) e‘nonuously luagnifv tlu^ iuove?n(*nt. 


so thata me)tie»n e)f l,(H)Oth in. of A shows as Jth 
or ,hth in. e)n tlu^ end of T>, ae*ee)rding whetlie^r 
A is scrcAvcd inte) an upper oi* a lower hole in the 
l>leie*k IV 'riu* spring b' temds to kee'p the ])arts 
at. normal ])ositions. The^ sliank P is for holding 
the instrument in place em ntachine.s. etc;., the 
e*as(* be*iiig j)ivote*d so that if too inuel) movement 
is applied to tliC; fe*(*le*r tlu^ levers Avill not ho 
damage'd hut the ease* will tilt, back. A cover 
is serewve'd to the* face* by the liole's seen, to protect 
the peirls. I'lii* fe<*ler t J is for te:*sting inside holes, 
while other forms are made for spe(*ial work. 

Lathe Testing. Aimther kind of indicator 
[354] comprises a j^ointer which is so pivoted 
that any movement is greatly magnified, and 
indicated on a divided seafe. If the plug, 
therefore, held in the lathe or other spindle 
should happen to run eoecnirically, tho needle B 
of the indicator will move in sympathy, while 
if no inaconroey is present, the needle remains 
stationary. All circular revolving parts ma3' 
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therefore tested in a more dclieatc and ea^ty 
manner than by setting the machim; to work, 
'rhe alignment of the spindle with the bed is 
tested by using a hmger plug [3551 and guiding 
the indieator base along the v(‘es, or ways of the 
bed, so that auv want of paralh'lism between plug 
and bed is shown. Or a sliort mandrel may be- 
plaeed in the spindle and a eou]»le of collars 
turtied up on each cajd uith a light cut trav(‘lling 
the rest from one le th(‘ othei- ; tlie.-^<* sliould be 
identie.'d in <lia meter when nieasnre<l by a 
inieromeler ealijx-r If era* is larijer. tlieti the 
spindle is not iu alignment witli the btal. 'I’Ik* 
indieator in 355 i'^ a 1y|»<‘ wlie v the pies nie on 
tlie f(*e*<‘r niOvC-. a. t\ee lie uvej* a ei?e i dijil in 
the ease. 

d’he alignment el tin* iee.e |)e|)|)('t. i.s >(MMIi‘ed 
it an indicator held m the lest bears eijiially 
AN'iien bi'oiiglit to either end ot a ground parallel 
sliaft nionnti'd belwism tin* lieads. 'Die barrel 
itself may also lx‘ tested by tln^ ii^e of a ^ihig 
inserti'd as in the ea'^e ot tlu' In adsloek. 

Sijuareiiess of movement of t h(‘ ero^s sluh' is 
shown by its capacity h>r f.ieing a ]»la.te Hat. 
since if the tool leaxc's the snrt- ei' (‘itln-r concave 
oi’ convex, this shous tlnui lh(‘ slide <loes m*t 
mov(' at right angh's to the spiiidli'. ,\ mat 
method ot test in g is to make a sjM-ejnl plate |3561. 
projecting out into Iano rings, on<* at tin* ])eti 
]ibery, the otlw'r eneirelitig 1 1n* sen'w hole. Aftei* 
a. i*ut. right ov(‘r these l ing^, a st raigbt<-dge bud 
against, it' shouhl grip pn-ets of tissue ])aj)ei- 
b(*t Avi'eu t be lour nairow ta< es. </, (t, </, <(. Slunih! 
the facing be eoneave or eoiua-x, the jiapir A\ill 
tall fj’om the innei' or the outer rings respectively. 

.Linear motions of slides or rams in relatioii 
t»> labh s atid beds an* testi'd Avith tin' indieatoi*. 
Ily clamping the stem iu tin* tool-box of a plain*!*, 
for iiisfam*e, a,nd moving tin* bo.x along tin* eros.s 
rail, the want of fiarallelisni of tin* Jatl(*r to tin* 
faille is (h*l(‘(*f(‘d by tin* in*«*dl(* moving if the 
feeler ])resses the table liarder on one sidi* tliaii 
the otlu'r [357, A and 11]. Slia])('rs may be 
tested by lioldiiig the indi<*ator in the tool bo.< 
and moving the ram to and fro, and the table 
also transv(*rsely, any diverg(*n(*ies in the extrem-.* 
positions showing themselves. Varallelism of 
spindles to tablos, .is in milling, drilling, and 
boring machines is found by sHding tlic indieator 
along <‘ith(‘r tin* s]hndle or tln^ table, tlie fe<*l<*r 
making eonfact evenly all along unU'ss the spiiulK* 
lies out of paralh'l. 'I’liese examph*s nre. suHi- 
eient to slnnv how t<*stirig is carried out, being 
representative of the work in gi'nerab It may b<* 
notial that in many shops tlu* inspect or has to 
turnisli a report of tin* test, giving as far as 
]iossibl(* tlie amounts ot imu*eiiraev' present in 
tin* mam parts. As im'iitioned previously, 
these inaeeura<*ies must not, exceed a. preth'ter- 
mined amount, wliieli A’aries, of (*ourse, as tlie 
machines an* of eommon or of high ela.ss eoii- 
struclii>'i. 

Crane Testing. (Vanes are tested for 
fttability, lifting eajiaeity, and jiower consump- 
tion. T.li<* .stability of a jib crane- is measured 
in ivfer^ce to the gauge of rails upon which it 
rui^ Iprt^ the lc‘ugti of support afforded by the 
rd<,>rs. In llie ease of a fixed crane. 


the foundation is proved by the test load. The 
test load imposed is usually in excess of the 
working load ; for ordinary cranes, 20 per cent, 
overload is ii.sual but this rises to 50 per cent,, 
and evi'ii lt)0 per cent., for special cranes. The 
load is applied gradually , half or two-thirds loads 
being siu*e<*ssively lifted, and the beliaviour of 
the crane (*;irefuliy noted. A eoninion device is 
to ap])ly a long lev(‘r under the crane tail from 
time, to time (luring the lest, to U'-^eertain W'h&t 
margin of safety t'xi.sts. 

(‘ranes are also tri(‘d for backward stability 
AvitJi tin*. 1oa.d off and the tail at riglil, angles to 
tin* trick, ^faiiy railway breakdown cranes are 
not stable in this positi(.)n, t*xce])t wli(*n the block- 
ing- up girdiTs an* in us«* ; siieJi eran(*s are usually 
litl«*dwitli mo\:il)le b.illast w'ciglils. Tlie ovt*r- 
loa.d test also pioxes tlie eajeieity of the eraiie to 
])erform its vaiiims mo\'(*ments prop(*rly. 

Willi overhi'ad ti’avellers and goliatli.s, the 
l<*st load is also used to ase(‘rt;iin the (lef1(*el ion 
of the main lM‘ams ; tills may vary from 5.in. 
t(.i I } in., according to span and constriK*! ion of 
girdt*r. 'Diis deili'ction is apart from pi'iinaiient 
.set, wliieli must l)t* noted by me isiiring the lexa'l 
of tlu* b(*am before any load is imposi'd and 
iiu‘.isuring again after the lest load ha.s been 
lifted jjiid .set down. I’(‘rmaiu'nt set de])ends 
l.ng« ly on tin* workmansbi]> of tlie joints, and 
may In* equal to tin* delI(*eliou in ainoiiiit. 

Spi'cds an* nu'asiired by noting tlu* time* tak(*n 
to carry out a eeit iin op(*rati(m and tlien 
reducing it to f(*(‘l pi*r miiiuti*. Locomotive 
cranes are fisted foi’ traA'clIing s])e(*d and for 
shunting pow(*r, also for ste.iming poAver. A 
loeomotivi* crane boih*r should maiut.'iin st('am 
at or aliout tlu* working pressure easily through- 
out the jieriod of t(*sting. < 'oal .'ind Avater con- 
sumption is (*asily noti‘d during a t(*st, or for 
a. e()m]>l(*te day’s work. Kleetrie cranes are al.so 
tested for emn'iit used ov(*r given pf'riods, and 
tlu* re.sults .in* n'dueed to tons jier kilowatt 
lunir, or, alternatively, to cost of cnrn*nt. per 
ton liandled. 


(’raiu's are subj(‘et(*d to trials for etticieiu^y iu 
a similar manner to that to b(^ described immee 
diately for electrical machiimry. (.Vane-build- 
ing establishments record all tiu'ir tests, and use 


me eoin]Kuauve n*.suns as u, guiaance m the 
design and manufacture of subsequent cranes. 
'Diey are thus (*minently qualifl(*d to act as 
advisers when speeifiealioris are being framed 
tor prospective lifting apjilianoes. 

Engine Testing. St(*am engines are 
tested to ase(*rtain their indiea-ted and brake 
liorseqiower. also for st(‘am consumption and 
g(‘rieral eHii ieiu y. 'Du* indicated horse-power of 
an engine, or I.H.P., as it is terimxl, i.s obtained 
by means of an indieator, wliieli records the 
a(*tual st(*am pre.ssuro in the cylinder at the 
ye rums fieriods of the stroke of the piston. The 
indicator is attached to the cylinder by small 
St earn -pipes, and is driven by the engine cross- 
h(*ad by means of lovers. If produces a diagram 
as in 358. The area of the boot-shapod figure 
iTpresents the work done by the piston fits 
iengtJi IS the stroke of the piston, whilst vertical 
dimensions give the varying pressure as the 
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Hteam is cut off, and then expands. 'Clie mean 
Jieiglit Js the averag(^ j>/cssure, and tliis, multi- 
plied by the piston area in square inches and by 
the piston speed in feet per minute and divided 
by 33,000, gives the indicated horse-power. 

In the diagram [358] a repi*escnts tlie point 
at which steam is admitted to the (iylinder. 
From a to h tlio' steam rises, making, in a good 
diagram, a vertical line. 'Hie pap<*r on the 
indicator cylinder rotating, tln‘ line h r should he 
Straight. At. r the steam begins to he cut oil, 
and the line drops to d, tlie point at whieli it is 
fiiTly cut ott*. From rl to c the steam is working 
expansively. .At e tla^ exhaust is o])ened and 
remains open from / to {/. At 7 the exhaust is 
closed, and cushioning takes ])laee to n, wlnu-e 
steam is again admitted foi- tin* next eyek‘. 'Diis 
is the diagram for a J)igh-])r(‘ssiin‘ engine, in 
which / (/ is tin* atni()s])heri(* liin*. In a con- 
densing engine, / 7 would represent tlie vaeunm 
line, and the atmospheric hin* would ht^ higlier 
up. 'Phe 10 vi'rtioal full liin^s jin* orilinat(‘S. 


the l.H.P. and B.H.P. represents the friction 
losses in the engine, tin* relation 
B.H.P. X loo 
l.H.P. 

gives the t*tlieieney pt^r eent., \vhi(*h may vary 
from 7o per iu*nt. to 05 p<*r cent,, according to 
the class of i'ngine and accuracy of <*t>nstrin!t ion. 

Engines are test(‘d for steam consumption in 
eonnoetion witli steam boilers. Wab‘r is 
measured into the boilers before and dnring 
test, and tlni ri'sidue measured afterwards. 
From tliese. figures the amount of steam used 
oA'cr a pr(*.sei ibf‘d tinn* may lx*, easily obtained, 
and reduced to ])ounds p«r l.H.P, per hour; 
the usual result is IS II). to 'J'2 Ih. for 00111 - 
poiind and tri])Ie-(‘xpiinsion engines, 25 Ih. to 
.‘kt Ih. for eondi*nsing engiin's, and 35 lb. to 
40 11). for ordirniry non-cond(“nsing engines. 
llett<‘r ligurc's ar<': frerpiently ohta.ined, hut the 
above r(*presents good average practice. Gas 
and oil engines are tested in a similar manner to 
steam engines for indicated and brake* horse- 



361. STE.VU KNOINK TKSTINO SIKH* 


To get the total are'a, tlie spaces he-t wce ii tlu'se 
arc divided midway, as indicated by Mu* dotted 
lines, their lengths are measnr<*d, and adeled, and 
the sum divided by 10 . 'Plie result is the mean 
pressure on the piston per square iiu'h. 'I'hns : 

Area of piston x mean pressurt* x s])eed of piston 

■ ", ' 33.000 ' 

'Pile indicator diagram is an o])eii hook, wliieh 
shows as clearly •what is going on within the 
cylinder as the sU'thoseojie rc'veals the eonditioii 
of the lungs. Abnormal cards show whetlier 
the exhaust opens too soon or too late, or closes 
too soon or too late, and much more. 

The brake horse-pow<*r, or H.11.1*. is ineasurt'd 
with a dynamometer, as in 359 ; this particular 
form is known as a roxie brake, and is applied to 
the flywheel of the engine, Tlie weight W is 
ar] justed to suit the load, and tlie B.H.P. is 
found by multiplying the weight by the drcuiu- 
ference of Iho rope circle, and by the speed of 
the . wheel in revolutions per minute, and 
dividing by 33,000., The dillercnco between 


po\\<T, tin* eili<*i(*ncy being about. 85 pci* c(‘iit. 
( Jas eonsurnpl ion is stal e<l in cubic feet per 1. K P.. 
and can easily be* m(*asu?*('d on the nieb*!* for aiiv* 
given pi‘rio(i ; 15 eubie ft. to 25 cubic ft . of town 
gas is usual. Oil conMimjilion for oil engines is 
jjj n*ckoned in pounds pen* l.H.P,, 

:-r H.P. ♦he ordinary results being from 

.1 lb. to I lb. per l.H.P., 
aeeording to si/.c* of ('iigine and class of oil. 
SiK'tion gas engiiK'S ar»* tested a.lso for fuel 
consuni])ti()n, as they an* part of a eoinplcti* 
gas ])lant ; tJie l.H.P. is talo'ii a.i intervals, .•uid 
tlie fuel e()nsum]ition not(‘d for a, given time. 
All average result with a good plant is I lb. 
of <*oal pf‘r horse-power lioiir. 

Testing of Electrical Machinery. 
3\*sts to iletorniinc the ]K)wer required by elect ri- 
cally-driven machinery are made by measuring 
with an ammeter and a voltmeter the electrical 
hoi*se-pow(*i* rate of working. If these instru* 
mcHts are not permanently fitted to each motor, 
the arrangement shown in 360 for inserting 
portable instrunionts at the motor switchboard 
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may iH- provKicu. ...v th(' c-a )les 

entoriiiK and leavinj? the termin als of tlie + 
fuse V. Terminals, with milled mils, 
are eonneeled by win'S W.’h \V4. \\ lieu a readmji 
is re(inired. the K'i minals of a portable 
coil tyjie amm(‘t<‘r are ( (mneeted across I I l. 

When tiiis et)nneetion has heiMi mad(‘, the fuse 
F is removed, and tl»e ammeter A\ill then rejul 
the eunvnt ])assiii^r t<> tin* motor. When the 
reading' has been obtained tlu' fuse is replaeed, 
and the instnnm*nt may then lx* taken out, ean‘ 
heint?,of eourse, ohservi d to use insulated t<»ols, 
to tliei risk «»f shock to th(‘ op<‘ratoi. 

volinietm’ is also eonneeled as shown, hem*^ 
attau'hed to both ' and c;d)!(‘s. Tt is thus 
unneee.'.sary to ^.top the motor to inseit oi 
remoi e. t lu' ammeter. An ( Ifieiencv eni \« 
shoul<l always 1 m‘ supplied hy the makt'is of the 
motor, showinj^ its ellieiency ;it \arious loads. 
'Ihe IkH.P. hein;< delivered to the machine 
can t luai l»e ealeulatiat. 

'Idius, supp<»sin^ the motor nipnf to he d2 o 
a.mp<‘res at \olls, and that t<» lx* tie- tnll 

load rat iniLr of t h<‘ motor : 

o • JdO y jj input to motor. 

7 hi 

'I’lu* (dheieney curve showniii SC> pi-r h<-nr. at 
full load, \\(‘ (leduet M per <ent. im'lheienev 
loss, and j^et : 

It) - I I St; li.ii.r.. 

output, to th(' drivin.e of the maehin<‘r\'. 

W'l^ also i^et tht‘ appro\imat<* nu'eh.anieal 
elhiu(‘ney of t lie maehim rv di iv<>u. d'he imu-hine 
is first vim imlnaded. and a readini; ohtaiiied, 
say, 4 k]. II F., t hen : 

Flliei«-ney of motor at I Ji. p say. To piu- 
f’l'nt., f hen IM 1. 1*. d. 

Full load of ma.(’hin(‘ taki's S t) B. If.F. Then 
I (* v too 
<s-(; ' 

t- (io percent. nn*chanie.il c'llicieney. 

Horse-power O Rating of Motors. The 
lu)rs(*-])ower tliat can lie obtained from a motor 
depends upon its speed ami the eiirnuit whieli 
it takes. As tlu' load upmi it is iner<*a.sed. the 
enrreiit rises and the s|»e(‘d of the motor falls 
sli^jhtly in a shunt, or (’om]iound. or more 
markedly in a serit's-wonnd motor. The limit 
of safe load dep(*nds ehiefly on the heatinj^ up of 
the iieUl and armatuK* coils in a. siuies motor, 
or the armature Avimlin^s in a, shunt motor, 
whieh must not he so ^ni'at as to ovi'riieat the 
wires and dama;'(‘ theii- insulation, 'riius. 
for motors rnnnin^^ eont imioiisly a run of six 
lionrs at full load, or of I’J hours under variable 
load should not raisin the temp<'ratiin' of their 
windin^^s more than 00 F. ]\Iotors for inter- 
mitti'Ut Avork, hoAveviT, Avhere the load is in 
regular alternations of light and luuivy value, 
as in rolling mills, sluuirs, ete., may he Avorked at 
higher ratis; Avhile for sueh Avork as tiiat of 
cranes, hoisting machinery, l apstans, etc., where 
load is followed by rest periods, a temperature rise 
of 15^ F. after six hours fvdl lojxd test, or 1H>’^ F. 
aft-er six hours under Avorking conditiona, niay 
he .idowed. • Tliese tests are taken iinmediat<?lv 


Sti 
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Workshop Practice concluded, followed hy 
Tools 


the motpr in RtopiHd, by laying thermomo^s. 
revered over by dry eofton-waste, upon the field 
and .armature' windings, and noting how far 
tlie inerciiry rises, having previously noted the 
tvmpvrature of surrounding air. 

Cost of Power. Tn the ahseneo of an 
cnevtn' meter.” an idea of the eost of running 
the motor may he obtained. Take a number of 
readings, say 'every 15 niimilcs for an hour or 
lAvo Avheii tlie motor is doing a normal loncl, by 
tlu- amnu-tor and voltmeter. 'Chen take the 
mean of e.ieli and rediiee to watts. Thus, 
suppnsing the moan n'ading ov(‘r two hours to bo 
amperes. li.’lO volts. 4iien 

^ 7470 A\atts or 7 ‘47.7 Ivav. 

Kw. V time price p(T unit cost of poAVor. 
'I'lms. with iiower. say l‘.7d. |>ei unit, in above: 

7 17.7 > 2 ■ 1.7 •2*2-4-J.7d., 

or I l '2d. per hour, at the average load of motor. 

Insulation. A roiigli and ready insula- 
lion te.‘'t f(»r a motor is made by eoniieeting a 
voltuu^ter momentiirily tir-'t from tlu^ I- brusb 
to eartb,;nul tiuMi f f om tli(‘ - brush to earth 
Avhih* tiu‘ motor is running. If the insulation 
isgtfod theie should hc! no reading. It tluTc is a 
Fending, either or sidi* exeeediFig per cent. 
t»t lli(‘ AvoFkirFg voltage, thi* motor slionld hi' 
enrefiilK exaFFiined, :ind it and the eirciiits 
tcNted Avith 1‘roper itist rnnu’Jits until tlie fatdty 
spot i> located and repairs clVi'cted. Faidts 
iti the in-ailation do not siFiipl\ mean small 
le dvages andAva.^te of eurrenl. The ehief danger 
js that one<‘ stiiF-led tluy rapidly develop until- 
eoniplet(‘ bteakdowFi oeeiirs, and tlu' motor has 
to stop. ;ibo heeaiise sparking and arcing take 
plae(‘ at t be jiuint of fiiilnre and may result 
in tires or otbiM' (bunage, and pmsons handling 
Ilu‘ jnaehinerv may receive (‘leetrie shocks. 

Testing«rooms. Tn a modmn works the 
ti'sting-liouse is (?omj»letely tM[ni])|>ed with ap- 
pliances for ensuring accuracy, and is a great 
advancf* on tlie testing done in tlie workshops. 
.\ brief notii'e of the teh ting-roorn |36H of Messrs. 
Ik'lli.ss tV .Mori'om, Ltd., makm’s of high-speed 
etigines, will give an idea of Avliat the equipment 
involves. It is a largo building, served by sevenil 
eleetiie travi'lling cranes. Massive cast-iron 
slabs are let into *he lloor on wliieh engines to bo 
t(‘sted are bolted. Steam and exliaust pipes are 
laid iloAvn from which connections an* made. 
4’hey are arranged Avitli shui-olT valves at. inter- 
vaL, so that an engini' can lx* connected and 
fli'-conneeted Avitliout interfering Avitli any other 
engine under test. Four Ihibeoek and Wilcox 
l)oiK‘r^ supply steam at 2.70 lb. pressure pia* square 
iiu'h. Theii* are several condensing plants. A 
system of tanks i.s provided for measuring or 
weighing the water used by the engines. A 
number of (.'rosby indicators are employed. 
Kleetrieal insi riimmits form a large portion of 
the eipiijuneiit. Switelies and instruments with 
Avire frame and water resistances enable currents 
and voltages to bo measured up to 1,000 electrical 
horso-poAver, for botli oontiniious and alternat- 
ing cuiTents. The men Avho make the tests do 
nothing else, becoming specialists in this AVork. 
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E couiinodities in whicVi it is tlio business of 
a bank to deal — money and en^dit — form 
the subject of a most important section in politicjal 
economy, and, before discussing the fumttions 
and practice of a banker, a brief survey of 
their origin and development "will not be out of 
pla(;e. 

Barter. Barter is the dirtict result of 
division of labour. In a eommuiiity in which 
each individual wholly supplies his own needs 
no excliange of commodities is n^icuissary ; 
but if A devotes his solo attention to the manu- 
faetunj of shoes, ho will, in a very short time, 
completely satisfy his own want of footgear, 
and bo possessed of a stock which is (to him) 
witliout value, while at tho same timo ho is 
aAvaro of a painful lack of the other necessities 
of existence. Ifowover, B, tho hatter, O, tho 
shirtmaker, B, tho grower of corn, and their 
follows, aro in a like condition, and, after a certain 
amount of bargaining, cacli rids liirnself of that 
which was to him superfluous and valueless, 
gaining in exchange that whic'h is to l\im 
necessary and of, perhaps, gnuit value. 

The operation of barU^r creatcis valu(‘s in 
f^xehange, or priecs, wbioli are solely dependent 
on the current siipply and demand. These 
two faetors aro, however, subject to several 
influences. For instance, they must be efTe(;tiv('. 
Tlio tramp may greatly desiro the nuMor-rar of 
tho millionaire* which passes him on a country 
road, but ho cannot make his demand cffeciivt) ; 
wliilo tho millionaire may strongly wish to 
he possessed of the tramp’s digestion, wliieli, 
however, the latter cannot ofTcetively supply. 
Brices, again, do not deptnd on utility, and 
vary greatjy in differing circumstau(’<*s. Tlie 
most extravagant amounts may bo given for 
old curios, which, shipped to Grefuilaud, wo\ild 
command little mon^ tlian the i)ri«*e of inf«‘rior 
firewood. 

Defects of Barter. Barter is at Ix'st but a 
clumsy nuihod of exebange, in eoii.s<MpU‘n«M^ of : 

1. The need of double coincidtuice — that A 
should desire shirts for slioes, and C shoes for 
shirts ; 

2. Exact settlement being almost impossible — 
if one shirt is worth two pairs of shoes and O 
has only need of one pair, no exchange is 
possible ; 

3. Tho ratios of value being practically in- 
numerable, causing immense difneulty in tho 
settlement of each transaction. 

As a result, in every Stak) whoso commerce 
has obtained any measure of importance, a 
eommon medium of exchange has been adopted. 

This medium is termed money, oi currency, 
and the functions it performs aro three in 
1 O aj G 


number: (1) It is a measure of values ; (2) it is 
a medium of excdiango ; and (3) it is a standard 
for deferred payments. 

As 1 it reduces the ratios of value to the 
number of commodities for sale, less otu^— 
itself. As 2 it disposes entirely of the necessity 
for double coincidence and of the difficulty of 
settlement, while as 3 it enables tho payment 
in the future of debts now incurred to be 
earri(^d out with justice to both parties. Sup- 
posing a 5 per cent, loan to b(i made tor a ycair 
in the form of IfM) hats, but that during the 
year hats bccoiuf'. very much less difliciilt «)f 
manufacture. The labour embodied in one 
hat has been reduced to, say, half of that 
formerly represented by it, while that neee'ssary 
for the mauiifaeture of oUkt commodities has 
remained stationary. In consc‘qiience, one hat 
only cxchang(*s for oiuvhalf of tho commodities 
it was worth before, and the lender will not 
b»» satisfied with the return of lOo liats at th»> 
caul of tho yevar. but will ask foj* 210. The 
commodity chosen as money vecpjires at all 
times to posst'ss as far us possible an equal 
piirchasing pow(T. 

Upon the grtaitcr or 1 css(M’ dx^gree in which tho 
commodity chosen as mon(‘y poi^sesses tho 
following essentials depends the (‘fficiency of 
its performance of the fon'going functions ; 

{(i) Utility and intrinsic value. 

(6) (kmvcniciic.(‘ in size and weiglit. 

(c) Tndcstruetihility. 

{(I) Equal sizi's a.iid weiglits to possess 
always tlie same vc-hn*. 

(c) Divisibility without loss (»f values. 

(/) Stability of value. 

{(/) Ease in recognition by all. 

It has been found that tln^ metals, more 
esj)ccially gold and silver, possess in tin* gn*at(‘st 
m<*asnn‘ the (‘sst'iitiids nnntioncd above, while 
the Stjite, in ac(a>rdanee with almost universal 
custom, gives to the j)iiblie by a system of 
coinagii a guan».nt(‘e of wt‘ight, tiinmess, and 
value. In doing so three courses arc open 
to it: all metal may bo coined free of charge ; 
a slight charge (‘qual to expenses may be made ; 
or a largf^ profit may bo obtained by tho issue 
of a di'based or a token coinage. 

Standard and Token Money. In 
evoiy coinage what is termed a standard coin, 
or coins, will be found — that is, the unit or its 
divisions, by which all values arc reckoned, 
tin; standard coins of this country being the 
sovc‘reign and half-sovereign. These two coins 
are Legal Tender for any amount— j.c., they 
must be accepted in payment of debt, however 
large the sum in question, may lx;. Retail 
transactions require, however, coins of smaller 
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valiH', afid. ;is turthor division would n-sull in 
iiK (»u vriliont ly ^mall ^old coins. rc« t)ursc is h;nl 
(in I Ins cniinf I y) ilic issiu* of silver and I>ronz<* 
tokens, wide!) :M’c not reeaaded :i.s di\isi«)ns of 
the slji,ndav<l unit, hut a‘ t as it were as counters 
in plare of tliese, occu])vine very niucli the 
s.'UUe ])ositio)) to li)e ‘standard <-oin tl);».l the 
l»eans of cai'd-playr ts, d(*>irous of obtaining tlie 
exeitenu'nl (*f playino for s('(‘!tdne|y lari<e sums, 
do |o the pcner‘ for which, pi‘rh:i]>s. it, score of 
them aflet u ards <“xr!i.in;je. Hotli silver ,ind 
hron/.e (‘oitis issu<‘d hy tJie Mint (‘oiue within 
the third (las'., a.nd both are only !(“£;a.! tender 
to a lituit»‘d ext(‘nt Jl- and Is. resp«‘(*t ively. 

In the est.il)iishm(‘nl of a. systeni of coina^u' 
it is by !)(» means necessaiy that tlx' State should 
confin*' its stajulard roins t<> one nieta.l, luii 
ni ly cn u l lha.t coins of diifei'cnf s)ibstan<H‘s 
may circulate side by .'>ide, eithiu' at a ti\.('d 
or at a, \aa\ inn r.i,(i(n and be equally availabh* 
as 1< ^al ten<ler 'Tile doul)le standard lias 
been bron;^hl piauninently befon* tJm })ublic. 
by llte aalvo(*a<es of l)im«'t allisni. 


Credit. t'redit may l)e brielly deseribed 
as a, eontinercial lit l»rica.l or, its a-bsenee ha.viiui 
tile same ('Ifecl ofi eomtueriM' a,s tlu' omission 
to apply the oib(‘an has on the pow(‘rs of an 
e.\pH‘ss lo(*(mi(>tive. It is r.,,; imaiU-ial wiaillh. 
but ratlu'i'a ti'aifistiM* of it ^ c.r/., the(*xistine ma.ss 

(d uia.ti'i'ial \v»'i\lth is jiot incriaist'd wFum a 
m(‘i(‘hant hands over (■(•rta.in ijoods to another 
in exclunie)' for a. promisi* to pa.y a.t a futuix* 
dat»?. Credit allows material wealth to be 
employi'd to better Jidvantaj^e, and may release 
lor the a,ctual ])roducti(.ui of commoditU‘s that 
which was fornuMly (‘n^ni.^(‘d solely in their 
exelianee. plic advent of conitm'rce having 
establislu'd in turn biut('r and coin(‘d monev% 
its proyn’css cn'ates a growtli of cr<‘dit, and 
credit substitutes for <>oin<‘d tnoney, until, as 
in this country, the lia.nsa,e( ions ‘Which are 
carri(‘d througii by their agency far exceed in 
amount thos(‘ in whiidi tlu' oidi'r medium is 
still used. 

With tlieir introduction, a new factor e.une 
into heine. A .sj*ller wlio receives in setth'inenf 
so many .-ovs-rei^ois will he (pnie assuivd that 
lu‘ can at any time (‘xelian^m tlu'se fur whatever 
he may d«*sire, hut he who talo's in payment a 
papiM- promisin- to pay tJiree months hence 
knows that ere tlial lime eiunes the ]>aper may 
he valueless, and, ermscipient ly, hehuv takin’.r 
It, he satistK's Inmself as to tlie stahiiitv anil 
reputation of liis di'htor. 

Credit Movements. In ili,. roinx,. ol 
msmos-. ninvluinl. «i|| usunlly l„T..,n,- 

■'■‘’'■I'' ‘"■ly ^rcallv cxcci'd liis 
luliili.i,>) ii,, on Ih.'.iiic si‘ttli>m,.iil 

ot Minn, U lilts nunin to liinisnlf l.y oilier 

.imoi.nt. to ilu ii- tIeiiosnov.s. most of whieli has 
'-■'-n out a. interest. I„ the onlhia™ 

eon-se ol events all «i|| g,, „-ell ; hut frnni time 
t, nm a stispicnon m.iy arise, either riiflilly or 
n lonely, legal. In, e oi-.- ,.r more merehan'ts who 
m e.omhe<,ng it, will ho ealletl npon to prove 
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iheir solvency by th(‘ jiayment of their liabilifies. 
Tlu'y may be able to do so by drawing upon 
tlu*ir l)ink beJanees, or by arranging fresh 
k)aus ; but, on tju^ otJu'r hand, the matter may 
go further. Suspicion eontiniies to spreati, 
failures ot;eur, univt'rsal distrust arisi's, and eacJi 
oiU‘, fearful lest lu' may h«‘ the next called upon 
tt> establisli his stability, takes precautions and 
emlcavours to raise from his banker the amounts 
lie deems retpiisite. ddu' latter, bowevmr, is 
just then seeing his deposits diminishing, his 
res(‘rv(‘s of coin disappea.iihg (to imikt? up the 
inen'a.'^ed a, mount of money requinni for use), 
and linding (hat Ids s('euriti(‘s are iinsaleabh‘ 
and I lie debts dm‘ to him unnMlisable. In 
short, unle.ss conlidenee is rc'stoix'd, or a renu'dy 
lound, a linaneial ))anie i.s imminent. The 
renuMly for this eounlry is dealt with later in 
eonmudion witli the Bank of hhiglaiid Discount 
Bate. 


Credit Cycles. 'Tin* ix'enri’tuiee of such 
ei i.st‘s us the above occur a t W (dl-markcd intervals, 
d'li(‘ bank ies(Mv<'S of a country may be liigli, 
universal eonfideiiee is hdi., int(‘.rest i.s low, 
loans can ln'olitained without diflienlty — -“money 
is easy. ’ .\n ekunenf of sp(‘culaiion creeps in 

• eiuMuii aged, jHU’ha-ps, hy the anxiidy of b.anks 
to lend their surqilus furids — and ra])idly spreads, 
until one day some spi'culators cannot meet 
their «‘jigi.7;cmenls ; suspicion soon b(*eomcs 
rampant, and a [lanic I’esults. 

AV(‘ h.'ive now' to considtu' th(? vaaious forms 
of f'm/d lh>rHntni*s. qdi(‘ substitutes for 
eoiiu’d money divide themselvi's into live chisses : 
(1) Xol(‘ Issu(‘s ; (2) (.duspu's, drafts, etc,, payable 
on diunand ; (.{) ( urrtuiey Hills ; (4) Hook (‘redil ; 
(d) (M<‘aring House's. 


Note Issues. Kotes fultil in a greater 
measure than any of th(‘ otlier substitutes tlio 
functions of money, being in a manner a con- 
ve-nienl form of large tokiui moiu'y. TJie 
methods of issue* are many a-nd varienl : tliey 
luay be^. either ee>n veut ibie e)r iiiee)nveirt ible, 
issueMi by the State^ e>r by ee'i’lain ])rivih‘ged 
institutiems, with or withemt restrict iems. 


f ; laKO lIlO 

lorm of , 1 , Iiremiise* to jiay tlie^ bearer on demand 
a evrtain sum in staneia.rd coin, and against 
such issue-s an ame>unt in e-eiineel money is held 
as a ivserve. If tjie- i.ssue is unrestricted tliis 
anie.unt will not ee(ual the total issue*, but will 
only ivpre.se-nt that ])roi>ortion wlde^h ex]>e*rie*nee 
s low.s IS ne*e-essary to me'e‘t, possibles demands in 
iJie* eireiinary course eif l)usines.'i. 

AV,,, ,^,.p 

I I .s wil.li a margin, „o obligation 

bt.iig imposod on tho amount montionod on 
-■tu b not,.. 1 lu-y may bo .pdte nnobj,ictionabli. 
It toi um proraiitionK arc obsorved, but in evonr 
e.i.'^e* tlu'y po.sse‘.sH a diingerous tendency to over- 
^Mio I ]„,y are invariably the result and sign 

td n 'he odium 

ol I osli ia.vation liemg avoided by the receipt 

^*1, Ti I, "‘‘'J through their 

ssuc. riie results of mconvertifdc notes issued 

o oxeoss arc dealt, with in a suceoeding para- 
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Regulations as to Note Issues. TJie 
regulations imposed by the on the issuers 

of convertil)le notes m?*.y remain unaltered even 
ftlthougli the notes are made ineonvertible, 
the only dilterenee being thit the obligation 
to pay in standard inomy on d(*mand is deleted. 
The issue of eaeh ^d.vss may be limite^d to a 
certain amount, a minimum rc'serve may be 
stipulated for, or a reserve varying with the 
issue may be n^quired. The reserve may be 
partly eom})Osed of securities, while the limit of 
issue, if any, ma;sf ])erliap^ be exceetled on 
payment of e., certain ])('nr.ity. 

If through certain circumstances tliere exists 
in any country a good and a bad ournuicy sid(5 
l)y side, in the course of time the forim'.r will 
disappear and the Ic.tter become the sole money 
in use. The explamition is not a ditficult oju‘ if 
it is home in mind that the <ioins of one country 
when t*x2>^i*b'd are only worth what they will 
ftdeh as bullion. No one would, for instc.nce, 
export our silv<‘r token eoinage to Kraric<' so 
long as twenty shillings (which, wlien eoincid, 
can be (*xehung(^d foi* one sovereign) are only 
worth about half-a-sovereign wlu'ii melttnl down. 
The coins chosen for exi^ort tire thos<^ of tlu^ 
fullt\st weight iMid of the gi‘(v\t(‘st vm.1uo ; the 
inferior ones being again issued, to circulate by 
force of Jaw at a rat(' above thiu'r intriiish; valu '. 

If the eonverlihlo issues of any eountiy ar * 
beyond uhat an' esMuitial, they will be eaneelled 
by being ret unit'd for payment to tJie issuing 
banks ly the other institutions into whosti 
hands they come. Xo such <^;i.nct'llation is 
possible in the cast' t>f int'tinvertihle notes, 
wJiieh continue to circulate until they can hti 
list'd by sornt' debtor of the issiit'r in jiayinent of 
his debt. 

IVovided they can he rt^atlily (‘xeba-ngt'd for 
their face valut' in gold, no grt'.at harm can be 
said to be done, end if a lu-rgt^ issue is madt' 
witliout this t'xebaiigt' bi*et>niing imiiossible. it 
follows tluit the currency wjis formerly insuHi- 
(ueiit for requirements. An inei’caso of inct>ii- 
veitiblc notes, without depreci«i.titm, rt'suUs in a 
riso in ])rices, and as the iioltrs a-re readily e\- 
chn,ngt'U.hle for their fact' valu«' in gold, encourages 
iuixiorls from foreign (umntrit'S. At the same 
time exports will be discouraged — goods which, 
owing to the rise in raw rnatts-ials, are now more 
costly of manufacture commaiuling ahroatl hut 
the same price as ht'fore. 'I’his erKamragement t>f 
imports and handicap to exports (which will also 
ho brought about by an excess of jiurcily metallic 
currency) r<‘sults in an iinfa-vourahle exchange' 
and a ])rohablo export of bullion. We s-lnU 
refer to this lab'i* und(T (^old Points. 

Additional Effect of Over-issue. If 
(he inconvertible notes are, however, issiu'd 
to excess, they will become deprc<uat(Hl in value 
and will no longer exehang(i for their face value in 
metal. Almost ev ery country furnishes examples 
of paper documents, which, while actively eircii- 
latmg, would exchange for only a fraction — 
sometimes a most insignificant one — of the coin 
they were sujiposcd to represent. By force of 
law, however, such jiaper is legal tender in 
payment, of any debt, and (consequently no one 


is so foolish as to pay any sum in coin while he 
has so cheap a medium to his hand. As a result 
tlie whole of the transactions of the country an^ 
.settled in paper, which h(‘(',omcs the sole cur- 
remy, the standjird coins in circulation no longer 
fu Killing their function, being bought and sold 
with ])aper money as a commodity with a vn.rying 
])rice. 

The amount of this ('redit money (‘urn'iil, at 
any time varies with the sum of the tninsac'- 
tions which it is calk'd upon to settle, while 
tJie cash n'servi's whicli act as a basis arc: 
(piite insignificant, vvlu'n com]>.arcd to the trans- 
actions whi(di tliey siqiport.. A large incr(;ase 
or decreasi^ in these can he settled by mc'ans 
of this Hnslir. currency without variation in the 
general ranges of jiriccs. 

Bills of Exchange. 'The eharact('risti<*s 
of bills of excliange ])laee them in a ek’.ss midway 
hetwein note issiu's and dt'mand documents. 
Issued in a similar manner to the lait(‘r, they may 
))a.ss through many hands lu-fore thi*y become 
due — a practice that is iTlerred to uiuh'r the 
heading of the Continental Demand for London 
PaiM'r. 

The form of cr('<lit known as hook cretiit will 
he Ix'st (‘XplairuMl by the example of two mer- 
eliants — oru' in this country shitiping Ibitish 
goods lo an Ameri(\an corrt'spondciil, (lu^ latter 
in return .sending him American article's, d'lu' 
('iitrirs in th(^ hooks balance eacJi otlier, and 
obviate the use: of curnney in ]>ayment, limiting 
it at ino.st to the settk'ment of a periodical 
dillerenei'. 

'file Clearing House system is spcM'ially 
ada])ted to tlie settk'ment of haigains in 
wholesale marki'ts. Stock Kx(dianges, between, 
railway companies, or l)y any body of traders 
whose number is small but wlio.so (ransiud-ions 
are many and large. Tin* exanipk^ wliich mo.stly 
♦•oncerns lai-id ing is that of tlio London Bankers’ 
Clearing Ifouse, and an explana.tion of its o])era- 
tion will snfheiently exi^kiin the elTeels of tiui 
whole sys(('iii. 

'file laindou Clearing House, originated by 
soim^ privalt^ h.iiikers, now inehides nearly (nM'ry 
inqiortani London hank, altliough even now 
some v(‘ry large iiislitutious (notably the. Scnt(di 
hanks) are still without, the ]>ale of its operations, 
and consequi'iitly clear through the ag<'n<y of 
some, otlier hank. Th<^ work of tlie. Ck'ariiig 
House is divided into two sections— the count rv 
and llu' town idearing. 

Country Clearing. To trace tlie actual 
course of a documi'iit passing tlirongh this clear- 
ing will most readily sJiow its working. A, a 
ih'isfol merchant, jiostnS to Jl, a trader in York, 
a cheque on J^ri.stol which B liands to C, his 
hanker, for collection on, say, Monday. The 
same, evening Vj posts the cheipu* lo his l.oridou 
clearing agent D, and on tlic following day it 
is handed to E, thi^ London clearing agent of 
tlie. Bristol bank (whose namo appears on tlio 
eliequo), by D at the Clearing House, and for- 
warded the same evening to Bristol, wdiere it Ls 
received on Wednesday. If the document had 
been received on Tuesday by the Bristol banker 
(F), direct from the York banker (C), with 
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in .1 !ii t«» K'lnil tjn* anioiu)!. In* unuUI ]»o>5- 

■.c.ss <;.! law tln> nptinii ot hoUlini^ <)V(Tlh(‘ r}i(Mpin 
until tin* iollowinij; Wcclnnsdav. in ovtinr 

ih '.t it clnujlK* p;'.ssn<] t jiroil;:]! tlic Lnndoii ( ln;ir- 
ui*.* I loir'll* may be j>l;i'u-d on ;mi (‘(jiiulily. lid-* 
option i^. by t'bc <l<*;n’in,u rub'.-, not jku ^ ui^'.•-il)lo 
will* cluapif- p:i''>od tlirou^li tin* II 

nn])<tid on \\ (-dn<“'d;'.y. J’ |■«•tlll■n> tin* I’lnujin* 
direct lt» ( iind -end-, concmn'ntly lo K jui 
advice ut non p;*\inenf. H on riinrsdity 
nioininii tlii^- i- not leceived ly K, tine I’lietpie is 
.i-^uinnd to be p.’/ul. iind tbe :i*noiint i>. piivd by 
bein.( c.oiie<| into the town cleaving of tliat day, 
tile Opel at ion-' iind .-et t leiiK'iit of \vJii<‘]i iiri' dealt 
w'llb in the next p.o'iyt'itph. 'I’lie necessary entries 
p-t'-fd b\ the biinks ronei'iinMl lliroiicli tinur 
iivency ;e count. s, ;ind the i r;i.n-;‘.ft ion is s<*ttled 
without the intervention o| a. sinyle coin 

Town Clearing. Tf d(‘al with the 
i lc.irin'/ it .sep 'i iite (h'p.n t nient is formed in 
< Mh clcitnnu i)iink, :i!id to tliis depirtineiit is 
bi’inli'd i'll doevnnents which <‘-in Ive passed 
ilirtuiLdi the ( 'leinin;^ Mouse, 'riiesetlicy enter 
nndt r t!u‘ hci'.dint/s of the otii(‘r clearing banks, 
the totiil rcceivt'd <iiirin'4 tin' dity beiny jifter- 
w;'.r(J,s 4’..‘j^ieed with the other di'pirt nients. 

After iMunu thus entered, the documents a.r(‘ 
t« >r\\ i'.rded 1»\ messenger t») tlu' ('le.iriiv/ Monsi* 
in l*osl ()l)ie(‘ ('(uirt.ii.nd tlnae InimltMl to tlu^ 
repre.sent.'it i\ e of the hiink on whom iJiey an* 
<irrt\\n, ;nid i»y liim (*nter(‘d in a simil ir m;inn<*t\ 
At tin* dost* ot the day llu* hooks writteti ti]» at 
tile olhe(*s of tin* d(*liveiiny Itiinks an* <tom- 
]);Ln*d witli tliose fn.'i.de up iit tin* ( 'l<*arin^ Ihnise 
i)y the n*])rv'si‘nt;t lives of tl\e rv'ceiving banks. 

Wdien tin* va-rimis balane(*s hav(^ been a^rrocal 
. arni any refnrned documents from liead oflie(‘s 
iieeounted leu*, tin* n‘pn*s(‘ti1 at ive of each bank 
<*nters on a form ])rovided tJie balatn*(‘.s din* to 
or by Jiis Imnk to each of tin* others, hrititring out 
the iinal halatiee I'itlier dm* to or l)y it. 'bin* lin.-d 
hdanees thus jirriv<*d at must li<[uidate each 
otiier. KiV' li ejeaa ini^ hiink k(*e[)s an account 
at th»* Ib'.idv of Kurland, and a .st*t t h-ment is 
;Leeomplisln*<l liy tin* <.l(’htor hanks ]>ayinvi into 
i'. speeiid settlemetit iie( oiitit ad the h'lik fioin 
their own ifeouiits tin* i’mount< due by <ln*m, 
and from this a.(*eonnt the sums <lue to tin- creditor 
l»ank.s iin* tiilNcii and en‘dit«*d to tlieir accounts 
hy tin* hiink. In this Wiiy the settleni«‘nt of 
tra.nsiielions to the ('xtciit of £l*2,‘2H7.1b{5,t)tM) 
W.1.S in MMI.-) cnVctj'd without tin* a;icncv of a 
solitary pt'iiny ])i('cc. 'I'in* olhccs, clnapu's drawn 
on whii-li iin* included in tin* town ch'iriny, com- 
prise the hciid ofh(*es, the City hranehes, and 
mo-;t of (la* .-uhurh.in om-s. 

Internal Trade. 'I'ln* natural advance* 
ot eoinnn*rc<> in any country r<*sults in the 
territorial divisioii of liibiuir, some eov:nti(*s, 
b\- r('i‘-on o1 mituiiil re.^aunees, devolini; tln*m- 
N' lvt's to tiio-e iin.lusliM'- in \\hi(*li the <‘xpeiuli- 
tun* t ii l.ar^e t-apUal is n.eee'S'.aiy, while tluit 
rcipnicil lor tho^i* ]ua uliiir to olln*!’ |)ai't-i inavho 
('ompiirat ively small. Assuming an eepial rate of 
pi'dil in eith(“r < ;u(>. it will be found that wliilo 
i ‘ ilie second ela-- tin- re-sultinji; surplus eaiuiol 
la- employed in C,e nl i < f origin, the first class, 
so far ire » hem- m this position, can actually 


utilise the .surplus of the .s(!conil. Ip aildition 
to the conseepu'nt constant dow' of capita! from 
<»ne i>arl of the country to anotin*!’ the actual 
tradiuLi hiisin<*ss may, in ee‘rtain instances, have* 
a sonu'what similar etfect. For example, a 
manufa -turing town (whose* pnuhietions are 
c\porti‘il to foreign <*ounlries) purchasing tin* 
ra.w Jiiat dials i(*(juired in sonn* other part of 
the eoinitry, will h(* constantly in debt to tliat 
locality frimi which it draws its raw materials. 
The inelliods hy which the necessary transfers 
are made will iu* tr(*al('d *wh<*n de.ding with 
the Branch System. 

International Exchange. The factois 
in tile trade between any two countries, and 
the nu'tliods of s(*ttlement. present a great (*i- 
<-omp!(‘xliy than those ii‘lative to internal trade. 
At the (mts(‘t we iiiul that in nt*;irly every ca-<' 
the curreneies employi*(l are flissimilar, and tliat 
Intween two countries poss(‘ssing the same 
staiulaid tlierc* exists what is terni(*d a Mint I*<n. 

'I’his is a, figiiii* wliieh r<‘]»n-sr‘nts the ratio 
hi'twceii the a’lioiuit or weiglit of line nn*tal 
eoiitained in the standard coins (»f tin* two 
countri(‘s in ipu'stion. tin* mint ]»ar hctw<>cii this 
country and Fiance is ‘2r) ‘22l.“> simf)Iy meaning 
that in •Joii^l.") francs in French gold coinage 
tlicri* is (‘ontained the same amount of line gold 
as in ail Fnglisli so\ i-reigii. .\ mint jiar is 
nu'chanieal and lived, and can only exist between 
eounlri(‘S possi*ssing tlu* same standard. 

Then* an* four iudividucls in each (*xeh inge 
ire IIS'/ foil. 'blu* truth of tins ])]irase will 
he apparent from tlu* following example. If 
A in Paris owes X in London .tUHl, while Z 
in Lorulon o\vt‘s M in Paris an (*(jiial arnoaiit, 
tlu* douhU* ind(*l)t(‘dness will lu* <ane(‘llerl by 
B drawing a bill on Z, which he si'lls to A 
for a certain number of fraiu s, and which, after 
being remitted hy the latter to X in payment 
of his debt, is ])ai(i on pn*s(*ntation by Z, who 
thus satisfies his delit to B through the medium 
•of A and X. This is, in suhstand*. the working 
)>rineipk* of <*very foreign cAclunigi- transaction, 
the only jiossibU* ditfi'n'iiee being the increase 
of the parties interv’eiiing between Z aiul B. 

Gold Points. Assuming tlie indi'btedness 
oi the eountries to h(^ dpial, the r<*sulting 
eipiality of supply of, and d<*nuind for, bills will 
eaus<'! tlu* sight, rati* to be quoted at the mint 
par. If, liowever, it oeeiirs tliat in Paiis there 
an* more <l.ehtors than creditors of this eountry, 
llu^ dcin.-oid for hills will exd*ed flu* supply, 
'riiosc indebted to London liave fwomethoris 
of payment open to them- th(*y may either 
remit hills purchased in Paris, or they may ship 
surtieient bullion to liquidate the deVit. ’^bhe 
)att(*r eoursv- will entail a certain i*xpens(‘, say 
of ItbPi d*ntinics per £ ; so that to put down in 
London francs in Kreneli gold coinage, 

(‘<|uivalenl to one sovereign, the men^liant in 
ihivis will expend 15 or 25*:1415 francs. • 

He will certainly not do this if he can purchase 
a. bill on London' for £l at a better rate, aiul 
a'iconlingl y the matter resolves itsc‘If into a 
struggle botw(‘en buyi‘.rs and sellers, in wliich 
the price of a bill for £1 on London ((*xpressed in 
Ifieiich francs) eontiiiues to rise until it reaches 
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that point at which it is as profitable to ship 
bullion, unless in the rise a sufficient number of 
buyers drop out, hoping for a more seasonable 
opportunity, or a number of dealers in arbitrage 
[sec later] enter the market as sellers. An excess 
of creditors of London in Paris would, of course, 
influence the exchange in the opposit(3 direction. 

Gold Points not Fixed. The two gold 
points between two gold standard countries 
can only be determined approximately, the cost 
of shipping and insurau<*e varying, wJiile other 
influencing fat^tors may c‘xist. The point at 
which gold leaves Franco and Cermany for this 
country is, owing to certain restraints exercised 
by them, less <*asily readied than that at which 
gold leaves us for them. 

Jf tlu^ rate of the French exdiange should he 
quottid in the money column of the newspapei-s 
as approaching the point at which gold will leave 
this country for Franc«\ the (’ity editor will no 
doubt remark upon its unldf'ourahle as})cct ; 
while, if the rai<' is given as ‘2r) "2r), he will refer 
to it as being in our farour. ^rh(‘s<3 terms owe 
their origin to aii ('xploded theory in political 
ectuiomy, but their ])resent meaning and signifl- 
can(‘e is wholly wrapped u]) in th<^ fact that, when 
ther(3 is no danger of gold leaving this country 
ri'serves will be high, interest low, and trade 
encouraged ; while, if ati ('Xpert of bullion is 
threatened, an (‘iitin'ly opposite state of affairs 
will exist. Tliesiibj(*et is furl h(‘r t real (*d ind(‘aling 
with the ilank of England Discount Hate. 

The main (‘Icments in “International Tn- 
<lcbt('(ln(‘ss” ar(* the imports and (^xports b(*twecn 
the countries concerned, but in the case of 
nations such as oui’sclvc's, possessing a larg4^ 
amount of shipping, freights eariu'd by such shi})- 
ping afTect v('ry grc'at ly the balance of trade. A 
British vessel transporting a cargo of machinery 
to Hamburg will, if the transaction is to he com- 
pletely settled, re(piiro oil the return voyage to 
carry a (plant if y of, say, grain, that will, whim 
realised, liquidate the cl.-iim of the Britisliengiiu'er 
and tli(3 shipowiK'r's charges ffir the donhle 
voyage, fl’he vast sum of money invested abroad 
by this country possesses also a great influence 
on the exchanges. 

Kffect of Loans on Exchanges. TIk^ 
limding country may remit to the borrowing 
country the amount of a lojui in one or all 
of three ways — eitlicr by tlui export of some 
])roducts or bullion, or by the (extinction of an 
already existing floating indebtedness. The 
etfeot on the exchange in (wh eas(3 will be exactly 
similar- - it will become more favourabh* to the 
borrowing country ; but, on the other hand, when 
the first instalment of interest is due, and on 
tNteli subsequent ])ayment, the (ixchange will ho 
influeuccd in favour of the lender. 

Other intluencing factors comprise subsidii's, 
ind( 3 mnities, expenses of foreign travel, the cost of 
fh^ete and garrisons in foreign stations, and tho 
purchase and sale of foreign securities. In addi- 
tion, one important factor remains— namely. 


the operations of arbitrage. Tf some dealers 
in exehango in Paris are of opinion that in tho 
future the London sight rate will fall grt?atly, 
they will, by arrangement with tluMr London 
corres|K)iul(‘nt/S, sell largely bills drawn on the 
latter, hoping to be able to extinguish the over- 
drafts thus cn^ated liy purchases at a cheaper rate. 
If an arbitrage firm are able to sell a hill for £l 
on London for 25 27 francs, and next wc'ck buy 
a liill for the same aiiuiunt (to recouj) tlitMi* 
London friends) for 25*20 francs, they will have 
gained a profit of 7 ecmiiim's per £1, less interest, 
etc. fn doing so, tlu'VMnll, in th(‘ tirst ])laee, n'ducM^ 
the high rate by scaling, and. secondly, raise the 
low rate by buying. 

Position of the Banker in Commerce. 

Tlie functions of th(‘ banker in commerce an; 
V('iy much akin to thost^ of th(i mortar cm- 
pl()y(‘d in the construction (d a larg(^ building, 
without which sonu'wliat insignilieant-looking 
agent tlu'. gigantic fabric would be non-exis(('nt, 
for in lik(3 manner the bank officials in this 
country', in the performance of what is largely 
eoinmon place routine, eeuK'nl togiitber IIk^ 
trading eornmunitu'S of the whole Avorld. So 
great is the dep(‘ndenee of j)r(^sent-day eomimTce 
upon th(^ facilities and conveniences aiVordc'd by 
banking institutions that even the lotal d('s- 
truetion of our railways would not e(pial tlu^ 
efteid produced by th<‘ complete c(*ssafion of 
banking business. Banking may b (3 eonsid(‘red, 
according to tin* inclination of the individual, 
(MtluT a trade or a profession, but in reality the 
foriiK'r t(‘rm is inon^ conx'ct, fur, although not 
actually d(N\ling with the produels of (*onmiere(\ 
the banker trades in the eommoditics on whicdi 
commerce is dcpimdent -money and (‘n'dit. 

Functions of a Banker. The mcAst 
Avid('ly spr(‘ad of banking fum*tions is the 
[>raetic(‘ (.)f noti‘ issue. In all mw (*()untri('s 
-even thougli tlu'y Ix^ possessed of unrivalled 
natural n'sourees — tber(i is usually felt a lack 
of circulating medium. Tin* ('X])cnditure of a 
larg<' aimjunt of tlu'ir available en])ital in tin* 
(‘stnblisbiiK'ut of a systc'in of inelallie curr('ney 
does not meet with any favour in their eyes, while 
at the same time tlu^ opening (.>f hraneh hanks 
in a s])arsely-populated ‘intry is r(*nder(‘(l 
impossil>le on aeeount of (‘\])cir»sc. IV) all siicli 
countries a good note issue, more es])('eially a 
earefully-nianagcd unrestricted oiu', is of the 
highest valui‘, combining in itself at one and tlie 
same tiuK* an (‘conomieal cuiTcncy, a convcnienl 
form of internal r(*mittane(\ and a factor in fuo- 
duction which, although in itself valiK'less, may 
be the means of laying the basis of a tar-r(‘aehing 
coimiKTeial gn'atness. [Se(i Si otvli Bcjiking.j 

"I'lie system in vogiu^ in Frc.nei* at the present 
day partakes of this ffirin to a grt'at extent, w'hile 
that function which is most in evidence in bank- 
ing in this country (that of deposit) is (com- 
paratively nicglectcd, the issues of ihv. Bank of 
France taking the place occupied in this coiiiitry 
by the cheques of private individuals. 
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.ou 7 ;*l,s« first steps in journalism 

2 Fitness for Journalism. How the Candidate may Test Himself. Opportunities on 

the Local Papers. Helpful Exercise. Preparing the Way for a Successful Career 


By ARTHUR MEE 


;i,tv iiiiiny lliiouuli which llic 

^ (■.MuhtlMif Ihr lu.iy f'lilcr tin- ]»n>- 

jV^.sit.n. S.i .^impic is llic pn^siiiu tlirnu^li thmi 
thill iIh‘ witv^ Jind mcfiMs <il' doiii^'^ so ii(‘t‘d tmly 
liriot iiUMitiou. ’riu'V will 1 m* upparcnl in the 
vouni/ iiut’i (Ic'^t iii(‘d for joiiriut ! i.'-m, tin* yoiintj; 
Mi;iu of iiiorr th.iM jucniyi* cajia-ity. aaid i1 is 
t'Mlirt'lv willi him tliat \\f haxo to d(‘al. 

The First Thing to do. For jounialiMU 
lui'^ no loom toi mmi wlmst* mind and cluiraj-tcr 
an- not id»nvt“ tlic ;i\(ra<it*; no room, at any 
iat(‘, at llu' top. 

\V<* liavf noihintj to do luat* with tin* 
\(mn^ man \\hi> want.- to mnddli' thron};h. 'I'ln* 
Si'.i.F Kim «*\'r<>H is conci'ivid jmwI (‘dit(*(l and 
written fill till* Vtmn*; man who hdit'vt's tliat 
whatt‘\<'r In* docs is worth doing sn('t‘r>.slnlly. 
tlnit if he is not doing it .-inat'-i^fully In* had 
hrt((*r h-avc it aloin' and succeed at sonn'thing 
(‘Isc ; ami lliis cmnsi* of journalism is written for 
the voting man wlio would Im* a. journalist iu 
earn(‘st, who wisln's to lu* somehoily wortli lM‘ing, 
a.nd to do something wortli doing. 

M’o this young man. as he* loiiks rmmd on 
leaving school a,ud lUiikes np liis mind to he a 
jomnalist , the l ourse w ill he clear. 1 li* should gel 
at onec* into touch with tin* iKNin'st editor. 

'^I’he vi'iy obviousness of t]ii> is one of the most 
wond(‘rfni things ahout tin* ea-reer upon wiiieh 
he is (‘iitering. If In* had mad(* up Ids mind to 
he a doctor, or a lawyi'i*. or an archit(‘f*t, and 
tl\e Ski.F-Klm’caTor ha I not come into exislenee 
to help liiin. lie might have been h(‘uildered by 
the ililVieulty of obtaining the simph'St informa- 
tion, the expensf* of examinations, and the long 
peiiod of waiting. 

Hut it is safe to say tlia,t there is not a young 
man in England with the possibility of hceoming 
a journalist intf) A>hose home thi'n* does not conn* 
at least onee i very w<*ek tlie very vehicle tlirough 
wliieh In* may set out for his goal. We. have (lis- 
eussed the di'moeraey of journalism, an^l there 
isnomon* ri’inadiahlc* thing about this faseiiiating 
career than this, that wt* can train ourselves for 
it in our own Jiomes, in evmy day tli.it avc hv<*; 
tliat w herever we are we m,iy ('<(uip ourselves for 
it. witliout any eonseious elTort, by ordering our 
li\'es uatuially and reasonahl’v' and well. No 
'■muse at a college is ueee.'..sa,rv. no eoslly peiiod 
of a|)|)r('ii i iet*sliip. 'Idle training of him who 
would he ,i jiUlrIlali^t i.*- hi iii.-- own hands. 

The Study of Local Life. What, then, is 
the thing that Iw sUonhl do? H»* shonhl 
study the lo al pa})(*rs and fa miliarise liimself w ilh 
lh(‘ things witli wliieh they deal. He .slmuld 
i. 'i.c it his l.usiiicj-s i<» understand tlie village 
OI '.own in v hi( h he live>, to let nothing 
happen in it of wiiirh ne does not know; to 


intert'st hiiiisilf in all its social and industrial 
dev(‘lopments : to lx* in toueh, someliow, W'itli 
all its a'tive movements. Jh* slioiild Jose no 
()p|)ortnnity of discussing any suhj(‘et of local 
inti'ie.st. Ife .should learn to understand the 
various points of view, tlie idi'as that lie below' 
things, to know the interesting )K‘rsonalities in 
local affairs, and what they stand for. Tlie lih^ 
<»f the town is tin* best training-ground Ik* could 
])o.ssil)ly liavi*, and by taking full advantage, of 
lh(‘ opportunities it alVoi'iIs, lie will he living 
natuially and prepaeing hinisi'lf at tin* same 
t inn* for his ean‘er. 

'rh<‘r(* <i.»i*, of eoursi*. various definili* prejiava- 
lioiis that he should maki*. He will naturally 
ha\e learned shorthand. Any hoy of average 
iiitellig(*nee can learn .shorthand Iroin tlie Sklf- 
Kimcator in six months. H«* will liave thor- 
oughly grounded hims(‘lf iu grammar at seliooi, 
ha\ »• ma-t(‘i'<‘d the art of pnnet uat ion, liavc Joarned 
to write ])lainly and without flourisiies. H(^ w'ill 
read hooks as w('ll as pa.})ers, ami will not waste 
the time he dioiild spi'iid in study in wateliing 
men kick a hall about. Th* will not turn to the 
^porting pag(‘ llu* moment he takes np a paper, 
hut will have a sensi* of tin* r(*al value of things, 
and know' tliat a consuming ])assion for sport is 
liis <‘iH*my. 

What to Read and Learn. Such 
things as the.se must he obvious from the 
very heginning. and it will lielp him greatly 
to study the seientifie arul literary si‘etions of 
the SF.i.F-Ki)r('\ToK. He cannot, ind{*ed, he too 
strongly advised to study this hook closely, w ith 
s]H*eial attention to the following subjects: 
B101.00Y Kki.kiiun Idf.as 

FsY< llOLOOY CllK.MlSTRY LtTEHATITKK 

Soeiol.ooY ( lKot;n.\riiY Physios 

L^oio History Piiysiolooy 

Pmi,osoFn V AreijED Kditoatiox Tr.wel 

It need not he said that a sound knowledge of 
his ow n language is essential, and he will do well, 
<*ven if he possesses this, to study the course on 
Knglish in the* Kdiulator. if he can learn 
Kcen<*h and Oerinan, too, he will add greatly to 
Ids opport miitii's : at any rate he should learn 
Preneh. M7i(* value of a knowledg(i of languages 
is so apparent that it is not necessary to emphasise 
it ; hut it is strange that editors should feel more 
and mure tin* necessity for enijihasising thc! im- 
portance of a knowledge of our own language. 
It is an aniay.ing thing that the numh(*r of peojile 
who can write a sensible and interesting letter is 
only a small jiroportion of those wdio would he 
hurt not. to he called (‘dueated ; and tan editor’s 
exfM'rienee eompels him to believe that the 
average man finds it exceedingly difficult to 
express liimself clearly in Avriting. It is a common- 
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place that men whose conversation is packed 
with interest are oftcm unnuicbibly dull when 
writing, and the young journalist ciannot regard 
this subject too seriously. It is the very essence 
of successful journalism that a man shall Ix) 
intensely interested in things, and shall be able 
to make other people as int-t^rest(^d in what ho 
knows as ho is himself. 

The Art of Expression. The (question 
of “ style ’’ in wTiting can he h’ft to setth? 
itself. If a man doi^s not writo plainly he 
will soon discover the fact hy finding that 
jonrnaliNni does not want him ; and if he, a 
round man, insists upon trying to fit himself into 
a scpiare hole he will b(* (Mitin'ly to blamo for 
the conseiiiiences. We shall hav(‘ to discuss this 
(jucstiou later ; it n<‘(‘d <nily b(^ touched upon 
here to (‘xplain lunv the journalist may help 
himself to master tlu^ art of literary (svpri^ssion. 

He will find the best opportunities for doing so 
in the loc.il fiapcrs thcnis(>lvcs. is almost 

sure to tiiul, wlnuxiver he is, one paper that gives 
long aci’ouiits and another ])apcr that givi-s 
short accounts, and hr will find it a v«tv protit- 
ahle i^xercise to titki^ the long a(H‘ount of a 
cfis'inuny, or the long report of a spec<*li, from the 
oiK-) paper, and condense it to the huigth of the 
.^liort report in the other [laper. Let him take a 
< olninii and condense it to a paragraph, without 
losing any vital point of argument, and w’ith as 
litt le saeritiiie of intiu’cst as possible. Jfe should 
learn, also, to suminarisi^ a speiu'h in longhaml, 
WTiting it as it is delivered, and for csxiTcise of 
this kind h<^ will tind a know-h^dge of tin* ahhn** 
viatioiis us(‘d iii journalism of gicat. service. \\'o 
come to them in tlie next, few pag(*s. 

The (juestion of piusonal fitness for newspaper 
W 7 >rk will deiMde itself (piickly for the young 
man who is s<*nsible enough to realise his own 
capacities or lionest enougli to recognise his 
limitations. But it. will save a great deal of dis- 
apfuufitnn'nt if tlui eandidate- for journalism 
tests himsc'lf in some main points Ix'tore sc(‘k- 
ing to enter the ])rofession. Ther(^ are some 
speeilie tests we may quite easily ap})ly to 
ourselves. 

Object Lessons. Wc^ may maki* a 
lU'wspaper fin object-lesson — may a-sk ourselves 
if, liad we edited the pa.pcr, wr would have 
})ass(xl this or saiietioiied that ? We may com- 
part' the length of two articles, and foiin our 
own o])inion of their romparativ(* values. Wt^ 
may consider the ap]>r(jpriat(*ncss of the 
headings, and ask ourselv-es if w'c could ini]m>v'e 
uj)ori them. We may compare [japers, and 
nob* where one sut*( eeds and the otlier fails ; 
we may study them closely and diseovT*r for 
ourselvTS the reason why people buy one and not 
another. Best of all, we may prepare our own 
map of the lib* of tht» town on any given day or 
in any given week, and eomparc it with the eorre- 
sponcting cbiily or wec'kly paper, ft is possible to 
obtain quite an intimate knowledge of the way 
in which newspapers deal with events by con- 
stant exercise of this kind. 

The regular practice of shorthand is essential, 
and no better method of practice can be devised 
than constant attendance at public gatherings 


of all kinds. TThe young journalist .should nevT^r 
fail to take advantage of an opportunity of 
making notes. His notebook and piuieil should 
lx? as essential a part of his outdoor (*quipment. 
as his hat. He should take down spc'eelu's and 
serinons. and it will be better still fur him if he 
has opportunities of making nob's of conversa- 
tions. Jf he lias friends who are intiuTsted in his 
progress, tliey could, perhaps, do him no better 
service than to let him intiTvuew' them on .sonu^ 
tojiie ill which lit^ ami tluy an* int(‘iest(Hl. 

Early “Copy.** Anotlu'r (*xp<Ti(Ui<!e the 
young journalist may give himself will be v(u*y 
Uf'cfnl to him one day if lu^ piactis(‘s it early. 
He should learu to write? (‘xaetly a eolurrin of 
his favouiitc mwvspaper, or exactly a paragraph. 
One of th(* most elementary fa.ulls of iiieapalile 
journalists is the inahility to write as much jis 
they arc told to w'liii*, and no mon*. It is 
surprising to tind that evisi qualilicd WTitors 
wli<?n ask(‘d for a I.Obb words will oftgn wTito 
l,r)Ob, and if asked for a paragraph w’ill wTite 
half a column. 

Hvery day will bring its own events for the 
journalistic mind to exercise itself upon. 'Tin* 
things of iinivTTsal interest an? tlu* things that 
the average man t-ilks about, and the young 
journalist .sJioiild writ<* a short account <lay 

of something he lias heard, or seen, or p(*rhaps 
ri?ad. Hi* should make? it liis business to diseovei 
the most interesting asjx'et of all that happens. 

Tfe wull tind, it he belongs to the elect of 
journalism, that the thought w ill const ant ly 
come to him, “ Here is copy for a ])apei ." and 
at. all such times he will make a, noli? a, ml writi? 
a p.aragraph. ^Pliese pa.ragia.phs he will submit 
to the eilitor of the pajier in W'hieh he is most 
interesteil, to whose I'ohimns la* has adapted 
them, 'riierc will in this wav grow* up between 
Jiim and the editor a ehannel of inb'rest whieli 
w ill serve him better than any iiitioduetion when 
be Climes to seek an actual eng.ig('m(*nt. 

In Touch with the Editor. Ho will 
find that the ronneetion thus establislicd is the 
be:4 of all ])ossible introductions to a ninvspaper, 
and he will tind. if he lives wuth liis eyes open, 
abundant ojqiortunities of beltiing the paper by 
sending ii'ports of events wliieli it has mi.ssed 
t’lirougli not Ix'ing iiotitied. Tl he identified 
with a ehureh or elia]K*l, with a trade organisa- 
tion, or vvitli any social movement, occasions for 
giving the paper such help will lx? by no means 
fow' or far belwHXiii. The lime will profaibly 
come W'hen, on a busy day, the editor will want 
special help, and his inclination w ill be at once 
to call n[)on Jiis outside contributoi-. Jf lie 
should live* in the eountry lx? would have no 
iliflieulty in obtaining an apjioint merit as local 
ctirrespondent at a fixed rate of pay measured 
by tlx? work done, usually a ]K'iiny a line for 
all that is published, with a minimum payment 
of half a crown. If he should live in the town 
wliere the paper is published he may liave 
to w'ait longer, but an enthusiastic cultivat ion of 
opjiort uni ties will bring its reward ;it last. 
Hardly a day jiasses in which it is not possible 
for a young man wdth the ability to write to 
send in an a(‘ceptaV>lo paragraph to a paper. 
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Education by Travel. The young 
journaliid need not trouble about a university 
edueation. He need not de;;pi!.e it if the oppor- 
tunity should come to him, but if ho should 
have the ehoi»*e, say. of going to a university 
or of travelling for a y<*ar, he will bi^ wise to 
travel. “ The only thing against him,” a news- 
paper proprietor said in discussing an applieant 
for a post, “is that hc! has boon toil university. ’ 
And it was merely an extreme way of ])utting 
tlic? truth that a university career docs, unfor- 
tunately, too <)ft<‘n dt‘tach a man from that side 
of life which comes very closely into journalism. 

The opportunitic‘s of popular education are so 
great in th<‘s(‘ (hiys that no man need g«) to a 
unive'rsitv to heeome a sueci^ssful journalist, 
and it is iinpossihli* lliat two years in iiny uni- 
versity can eontriluite to his ea])aeity for 
jo\irnalism anything at all comparable in value 
with the result of two years of contact w'ith men 
audalTaii*s. or two years of actual t^xpcirience in a 
nowspapei- otliee. 

Having assuied himself of his titness for the 
work, th(‘ young journalist will md wail for an 
<»])port unity to prt*scnt its(df. He sliould write 
to the 1 o(‘h 1 editor a:'> soon as he fetds that lu5 


works him liard and pays him ill, that at least 
will teach hjm patience. Tf he joins a staff 
which is far too small, that at least w ill give him 
opportunities of distinction. If he joins a 'staff 
which ne(Mls lessons in enterprise, that at least 
will enable him to display originality. 

The Young Journalist's Environ- 
ment. It is unfoHunatcly true that newspapers 
are often the eommereial property of men who 
know' nothing of journalism, who care nothing for 
its iinmiuise possibilitie.s, its traditions, or its 
dignities. To maiiy proprietors a new^spaper is 
an article of commerce like soap, and nothing 
m^irc. 1’here are new'spapers which send out 
ungrammatical advertisements every time they 
have a va^'ancy, and there are papers with a 
liundred glaring faults which we shall discuss 
in th(‘ir place. But there arc few ideal things 
in an unideal world, and only a pessimist will 
allow' himself to be utterly depressed by it. And 
the pessimist has no business to bt^ a journalist. 

As sometimes the ottiec in which the journalist 
finds himself is disappointing, so, too, the atmo- 
sphere of local journalism may till him wnth 
desjmir. Too often it is th(‘ atmosphere of a 
tliird-rate club, with beer and skitthM and a 


lias any real eaf)a< ity to justify him. If ho is 
fortunate, lu? will ])robahly be ask(‘d to call and 
s(‘rvo a littU^ wliile on trial, preliminary to 
be(‘oming an apprentice. He should accept a 
}>roposal of this kind with great- satisfaction. 
Once tlu' gate is op(‘n, his future lies with himself. 

But ho should f>ay no premiums ; and in no cir- 
cumstances shouhl lie jiay down a sum of money 
for the jirivilege of learning journalism. The offices 
in which this would be insisted upon are seldom 
capable of teaching journalism. K^or should he 
become —unh'ss, pcThaps, in some small town it 
may be (piiti> iriovitablo;— a “ reporter-comp,” a 
reporter, that is, wdio sets up Ids ow'ii copy. 

Sleepy Papers. It may be w(*ll, perliajis, 
to prepare tlio young journalist for some dis- 
appointment in beginning his career. He may 
find Iiimself on the staff of a pajxu* which does 
not fire his imagination or fill liim with any 
stiiTing hopes, and he may be inclined to ask 
himself if, after all, journalism is tlie mighty 
tiling that it is claimed to bo. If he is wise, he will 
not allow' Iiimself to be depre.ssed by any environ- 
ment in which he may find himself placed. It 
])ap|)ons oft(Mi that a new.spajx'r is tlie least 
r(‘I)resentative thing in the town in which it is 
produced ; just as it ha])pens that a xiortrait is 
utterly unlike the man who sat before the camera. 
But a bad ntnvspaper is no more a denial of the 
imagination and powei* in journalism than a bad 
photog.'’a])h is a denial of the x’ossibilitics of 
photography. 

The true attitude of a young journalist wlio is 
wide awake on a slee])y paper is one of philoso- 
pliie ])atienee. Jfo must use tlie best machine 
lie can tind for initiating himself into the mys- 
teries and difficulties aiid potentialities of a 
newspa)x*r. and it may, imlocd, ha^ipcn that tlie 
ven/ best field he (‘ould desire for his earliest 
work is just siu h a pajUT as w*c have con- 
sidered. If hc IS attached to a jiapor which 


0 is favourite room at a ])ublie-lions(‘. 'Fhore is 
and soiiKJthing, jxniiaps, in the* conditions of journal- 

to ism which brings about this state of things. 

1 a Hong hours, irregular meals, strenuous mental 

ion. exertion (‘ombined ofti‘n with great xdiysical 
self. activity, are not the nat ural factors in an equable 
eir- and steady life. Bui the good journalist will rise 
ney above the vulgar conditions in which he will 

ieos often find himself |ilaeed. He will not allow 

lorn either his jiride in his calling or his outlook on 
I he life to be prejudiced because sometimes, somo- 
n it how, it happens that newspaxier men write their 

a copy in the back jiarlour of a public-houso and 
dissipate the hours of sleep in bad (dubw and 
bad company. 

dis- The Unprosperous Tenth. General 
nay Booth has familiarised us with the idea of the 
loes submerged tenth. There is an unjuosperous 

any tenth in journalism, to which it is all too easy 

ask to belong. Who wants to join it may ; it is a 
[hty characterless army, with no high patriotism to 

will inspire it, no great cause to serve. To it belong 

ron- many figures sadly familiar in Fleet Street, 
It and in the newspaix^r haunts of our great towns, 
east No x>rofession, surely, ha'J ever more failures, 
it is The young journalist, however, neecl not de- 
t is spair. There are sadder things in the world tlian 
era. the wToek of a man who has played w'ith a serious 
the profession. There are sadder things, even, than 
bad the man who fails because he chooses a career for 
of which he is unfitted, who takes no heed of the 
W'ariiing whieli must come while still there is time, 
o is The young man who comes into journalism 
:)so- bearing in mind all that, w'e have considered 
line together, testing himself in the ways we have 
lys- discussed, full of enthusiasm and hope, eager to 
f a pick up an idea, to cal<jh a thought, to feel an 
tlie inspiration, to know the most that he can know 
test about the best things worth knowing, may go for- 
ward without fear. With a full mind and a soul 
nch alive he will make his way and reach hiw goal. 
Continued 
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a fish floats in the ■water so does a balloon 
float in the air. When the lish distends its 
air-bladder, it becomes lighttir than the water, and 
rises ; when the fish compnv.^scs its bladder, it 
becomes heavier than the water, and sinks. 
When a balloon is inflated with a gas so that 
it is lighter than the air, it rises in the air ; 
when it loses some of its gas and becornes heavier 
than the air, it, sinks to the earth. 

Air at. ordinary temperature M\>ighs 75 lb. 
for 1,00(1 cubic ft. Hydrogen, coal gas, and hot 
air, are all lighter than the ordinary atmosphere, 
and are used for the purpose of inflating balloons. 
Hydrogen weighs only 5 lb. for a similar <pian- 
tity, and is so light that tht^re cannot be much 
advantage for tln^ purpose of balloon inflation 
in discovering anything lighter, for the lifting 
power of hydrogen in air is 7tl lb. })er 1,0(10 cubic 
ft. For economical reasons coal gas is now 
largely used for ballooning purposes. It has a 
lifting power of 40 lb. ])er 1,000 cubic ft. 

The system of obtaining levity by means of 
heating the air itself is practically successful, 
although it is considerably loss efficient than 
the gases already mention<?d. For each degree 
Fahrenheit that the air in a balloon is raised, 
it increases in bulk, so that sliould the 
temperature be raised 100 degrees tlu^ bulk has 
increased about one-fifth, and has a lifting power 
of 12 J lb. per 1,(X)0 cubic ft. In i^ractice it 
may be possible to raise the temperature to 
150 or 200 deg .’CCS higher than the surrounding 
air, so that a lifting power of 25 lb, )K?r 1,000 
cubic ft. may be obtained. 

To lift 70 lb. weight in air a sphere of 
1,000 cub’c ft. of liydrogou is required 12 ft. 
in diameter. 

Materials for Balloons. The whole 
bulk of the inflated balloon and its load must 
bo lighter than on equal bulk of air. The 
simplest form of balloon that can be imagined 
is the soap bubble. Experiments may easily 
be made with soap bubbk^s inflat'd with ordinary 
air, or with coal gas, or pure hydrogen. Small 
scientific balloons are sometimes made of a 
dry film of collodion, most delicate and fragile 
articles of 2 in. or 3 in. diameter wliicli ascend 
when inflated with their quota of coal gas 
or hydrogen, liidiarubhor toy balloons are 
made in sizes up to GO in. in circumference. 
They may be inflated under tension with air, 
coal gas, or hydrogen, and are suitable for 
experimental aij welt as recreative purposes. 

Paper Fire Balloons. Tissue paper is 
used to construct balloons of from 6 ft. to 50 ft. 
in circumference on the hot-air system. A large 
aperture is left at the bottom of the balloon, 
surrounded with a circle of cane oi wire. A pad 


of cotton wadding is attached in the centre of 
this circle by means of cross win^^. When this 
pad is soaked with methylated spirit and ignited, 
a flame of sufficient power is forn\cd to heat and 
rarefy the air in the balloon to such an extent 
that the balloon readily ascends and, in the case 
of the largiT sizes, is capable of carrying c.on- 
siderahle weight. 

Gold«beater’s«sliin Balloons. Ctold- 
hcater’s skin forms the substance of which the 
most praetic;al model gas balloons are made. 
Til is animal membrane makes a strong, light, 
and gastight envelope which is easily inflated 
with ordinary coal gas or liydrogen at the 
ordinary atmospheric f)ressiire. The skin is 
used single for the very smallest balloons, for 
thoi’.e of from 12 in. to 24 in. diameter. For larg{?r 
sizes the skins arc ('mployed double, treble, or 
manifold, and are caused to adhere in the process 
of manufacture in siioh a manner that the whole 
balloon ajipears scamU’ss, however large, and 
thick it may be. Houble and tr(d)li* skin balloons, 
are made from 2 ft. to 10 ft. in rliameter for use 
with coal gas or hydrogen, and in larger sizes 
they are used in manifold skin by the British 
Government for military n^connoitring purposes. 

Passenger Balloons. The materials, 
however, which are usually used for balloons to 
<*arry passengers are cotton or silken fabric coated 
with an oil varnish which forms a film over the 
fabric and tliereby completely closes the pores 
and enables the envolo])e to hold gas. A proofing 
of vulcanised indiarubber is sometimes used ; this 
is getstight, and free from tackiness, but somewhat 
costly. The varnished fabric is generally preferred 
owing to the fact that another coat of varnish is 
easily applied when ncedc'.d. and renders the 
balloon again perfectly gaslight. The network 
which is spread over the gas balloon naturally 
strengthens the material besides achieving its 
direct objcv t of equalising the strain of the weight 
which is carried uniformly over the surfac e. 

Hot-air pa'-sengor balloons are nuide of cotton 
fabric strengthened with webbing sewn over the 
surface, coated inside with a distemper earth 
colour, and without the netting of the gas hall:x)n. 

Smallest Man»e carrying Balloons. 
Wo liavo explained that the lifting power of 
Iwdrogon is 70 lb. per 1,000 cubic ft., so that 
5,000 cubic ft. will lift 350 lb., and a balloon 
containing this represents the minimum size that 
will oaiTy a man. The 350 Ih. may be divided 
up into the proportion of 150 Ih. for the total 
weight of the balloon and its equipment, and 
200 lb. for tlio weight of the man, ballast, and 
lifting power. This represents a balloon of 
slightly more than 20 ft. diameter, which must 
be regarded as the midget of all aerial craft. 

3077 





TRANSIT 

For coal gas tho iiTeducible minimum would 
l>e 10,()()0 cubiii ft., which is represented by 
a sphere of 20 ft. diameter. The minimum for 
a hot-air balloon is considerably greater, and in 
practice never less than 3(),0()() (?uV)ie ft., repre- 
senting a vessel of 35 ft. in diameter. 

Shape of Sal loons. The sphcirieal form 
is the most natural sha]3e for a balloon. The 
pcar-shapt'd balloon, comprising d perfect sphere 
with a gracefully tajien^d neck, has some advan- 
tages of utility as Aveil as apja^arance, and is 
fn‘(juently adopted. 

Tho obvious advantages of the elongated 
forms used for navigable balloons or airships 
are obtained at tin* cost of eonsiderablo inereaso 
of siirfaee and llit'refore of weight. 

We sliall now proceed to deseribe in detail the 
pessenger balloon and its apj)lianees. It con- 
sists of a number of gores sewn togt^ther by a 
scivving maehine, and afterwards eompletely 
varnished to render it imp(Tvio\is totlu) coal gas 
whi<’h it is to contain. Its siz(‘ varies with the 
weight it is to carry. In rapacity, approximately 
lO.OOO cubic ft. is rc(|uin‘d for (‘acli passenger 
to be lifted. Taking a balloon, I herefore, of 50,000 
(MI hie ft. as a model, this is ea])ablc of carrying five 
persons and a )>roportionate weight of ballast. 1 1 
would have a diametcT of 45 ft., be eonstructed 
in pi‘ar shape, and have an aportur<‘ at the 
bottom, and anotlier at tho top to contain the. 
valve. 

The Valve. The valve {Ij consists of a 
bent ash hooj) (A) of approximately 2 ft. 0 in. 
diameter. mad(‘ of Avood about .3 in. by J in. It 
has a cross-bar of mahogany ((’) which crosses 
its <*entre, and to this bar are hinged two semi- 
circular maliogany doors (B, B) which open 
inwards, somewhat after the style of the wings 
of a butterfly. Fitting into tho bar. and made 
removable, is a Avooden bridge (D) which carries 
an elastic s])ring (K, B), and this clastic; spring 
retains tfu' doors in a closed position by m(*ans 
of metallic hooks Avhieli pass through eyes into 
the dooi-s themselves, Tho etfect of this 
arrang(‘ment is that the doors an? normally 
closed. 

The valv(‘ line (F) is attached to the under side 
of these doors from two points in each door. I’he 
four cords which leave tliesc ywjints join the valve 
lint* itself a few feet doAvn, and hence one lint* 
only eontinues downwards through the aperture 
or mouth, which is ahvays left. of)en while tlic 
balloon is sailing in th<* air, to Avitliiri reach of the 
]>assengers in the ear. When tho lint? is pulled 
from below, tlie doors are naturally ojx'ned, 
and when tlu; lino is released tht>y immediately 
close by the force of the springs, so tJiat the valve 
may Ik* opetU‘d and (*.losed at the will of those 
in the ear. T3ie vah’e is attached to the ^ 3 p of 
the balloon by being firmly aa hipped on with 
cords A*. Inch pass ovov a collar of tlie material 
prepared for its rc?oeption. This collar is also 
strengthened, both underneath the cord and for 
some distance over the 8urfa<;e of the balloon, by 
moivns of an addition of k'ather which is shaped 
in rc^ar festoon^j, and then sewn on. Tae 
valve is rendered gaslight at the join+g by 
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means of “ lute,” a composition of soap and fat, 
forced into the crevice so as to seal it. 

Netting. Made completely to cover the 
balloon proper is the net, the object of which is 
to carrv the entire weight that is to be suspended 
from the balloon. It divides the strain very 
evenly ov(*r the whole surface, and it also plays 
an ini port ant pari in the. inflation of the enve- 
lope, enabling a large number of sandbags to be 
hooked on, thus retaining and steadying the 
balloon during inflation. This net is made of 
Italian liemp. and ( oiisists of a large number of 
meshes, AvJiitfli vary in number witli the size of the 
balloon. In the model wo have selected there 
would be 128 of these meshes. In size they 
would start at about fl in. at the top, and slowly 
increase as they dt?seended, until at the largest 
point they Avouid be about 12 in. in length, Avliich 
Avould make each diagonal nearly 24 in. from top 
to bottom. 

The cordage would slightly increase in strength 
dowTiAA'ards, being rather lighter at the top than 
at lh(* bottom. From the bottom of the net tho 
meshes take a somcAvhat altered appearance, 
and art? k*ssf*u(?d in number and greatly increased 
in length for three? row's. 

These toavs of the netAvork arc no longer 
mesht‘d, but are known It'clinically tis doubles. 
From the low«*r of llu* three tloubles, wliieh are 
not knotted likt* tlie ordinary meshes, but run 
on brass thimbles, start tho lb leading lines 
Avliich l(‘ad toAvards the lioox). All the meshes 
are eonti!u*d at the top Avithin a circle or 
gruiniiu't of rope, and this is held in position 
round the valve by means of eight straps, which 
are securely fastened to th(* rim of tlu? valve. 
The net rests evenly all over the balloon, and 
supports the AA'eight by ni(*ans of its leading 
lines, Avhieh are iixed oA'cr the toggles of the 
lioop. 

The Hoop. 1’iie hoop is an important 
feature of the balloon, and is made st rong enough 
to stand great strains. It consists of bent ash 
about. I in. in thickness, by 4 in. Avide, fomied 
in a circle of 3 ft. in diameter, hhieircling its 
entire eireiinifeienee is a Avoven hempen band, 
made of a inimber of cords and knoAvn as sword 
matting owing to the fact that when made by 
sailors on board men-of-war sw'ords Avere usecl 
in its construction. It is simply a webbing, 
made like ordinary fabrics with the warp and 
the AN'eft of hempen cordage. Its use is to act 
fis a security in the event of any excessive strain 
breaking the woodwork of the "hoop. 

"Hie i()ggl(*s--.shaped pieces of hard wood, 
whicli are lb in number at the top— are attached 
to small pieces of ropo Avhicli pass round the 
wood and sword malting. They afford a simple 
yet sure method of attaching the net by means 
of the eyes spliced at t he e.nds of the leading lines 
being placed over them. 

There are ten somewhat larger toggles at the 
lower portion of the hoop. These arc also fixed 
to circular pieces of rope encircling the hoop, 
and serve as a means of attaching the ten car 
lin^ in tho same manner as the lea&ig lines. In 
^dition to the wood, the sword matting, the 
toggles, and their grummets, the hoop has two 
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rop38 crossing its full fliarnotcr at right angles. 
From each of th(3 joints when^ the^e join the hoop, 
loops are attached to which the grapnel rope, 
trail rop?, captive rope, or any other rope by 
moans of wliich the balloon is hold, can bo 
lixed. 

The Balloon Car. The car consists of a 
rectangular wicker-work construction, measuring, 
say, 5 ft. by 3 ft., and having a depth of 3 ft. 
The ton car linos ’with which it is suspended pass 
right through the wicker-work underneath the 
floor and up the two sides so as to form a strong 
and efficient means of holding the weight. 
Wooden or w’icker seats are slung from loops 
in the car. 

l-X)Ops are also provided through wliicli the 
valve line may be passed, in ord(‘r to taktJ the 
strain in holding the valve open. In this car 
the aerial voyagers sit or stand, and have with 
them the sandbags 
. containing s u ffi e i e n t 
weight, more or less, 
to (‘qiial the ascending 
]30Nver of the balloon. 

Grapnel and 
Trail Ropes. On 
the side of the ear is 
attached the coils of 
rope wliich form the 
trail rope and grapiu*! 
rope, the ends of tliose 
ropes being tixod to 
the loops in the hoop 
above. Tlic length of 
the trail rope is about 
300 ft., while the anchor rope is 
about 50 ft . long, made of lu*nip 
or manilla, of about 1 in. 
diameter. Both the trail rope 
and the grapnel rope are released 
from the car and low'ered jjrior 
to t he descent of the balloon. The 
grapnel consists of a bar of steel 
or iron, soinci 3 ft. in length, and 

in. by I in. in section, with,an 
oval-shaped ring at one end, to 
which the rope is attached, and 
containing four flukes about. 

1 ft long, placed at right angles to 
each other, and of somewhat smaller section than 
the bar of the grapnel itself. This forms the 
perfectly (‘quipped balloon, and comprises all the 
details w^hich are actually on the balloon when it 
ascends. The other neeesNary items are the 
hose-pipe for tilling and sand-bags for controlling 
the balloon during its inflation. 

Ballast *bags. There are required 80 
i!anvas bags, each about 18 in. high and 0 in. 
in diameter, fitted witJi ropes and galvanised 
iron liooks. 'Fliey are filled wnth sand and 
form the ballast -hags. The hose -pipe (lon.sists 
of a varnished calico tube about 75 ft. long 
and about 10 in. in diameter. It is tied 
over the gas -pipe by means of tapes and is 
j>rovided at the end w^liicli is to entci’ the balloon 
with a zinc tube 2 ft. long and 9 in. in diameter, 
which enables it to be tied with tapes into the 
mouth of the balloon. 


Ififlaiion. (V)al gas sup]>lied by the various 
gas companies, wiiieh passes through the ordinary 
street mains, is mo.st frequmtly used. ( 'arhurotted 
water gas is very poor for baliooii ])iirposes. The 
.speed w'ith whieli the l^alloon can l)e inflated 
depends jnineipally upon tin? size of tlu; gas 
main which is availahh* at the point of intlation. 
Through a main of 8 in. internal diameter, such 
as is laid at thq Crystal Pala^^e, 25,000 cubic ft. 
of gas per hour w ill j>ass. This (piantity can 
be mad<‘ to vary by the pressure put on at 
the works. A coal gas main fl in. in diameter 
would tcake about double jis long to give 
the same supply as an 8-in. under the same 
conditions, and a 4-iii. pipe agaiix double as 
long as a fl-in. (heat care should be taken 
!x‘fore attempting to inflate a balloon through 
a smalh^r size pipe than this, as the supply 
of gas will generally ])rove inadequate. 

Assistance. A 
low -lying position is to 
be preferr(?d for infla- 
tion, and if the site can 
be surrounded by trees 
or other means of pro- 
t/*oting it from the full 
foi‘C(* of the wind, so 
much the better. It 
w ill bo found that threo 
or four assistants arc 
required. The first 
proceeding is to liave 
the ballast -bags filled 
with sand. If the sand 
ihould be stony, some 
bags should be filled with sifted 
sand, and in some way marked so 
as to be recognisable in order that 
those may be taken up. If the 
ground is in any way rough or 
likely to injure tlie balloon fabric, 
a ]arg(‘ cloth measuring some 50 ft. 
S((Uire should be spread on the 
ground as a protection. The 
balloon is then opened out, and 
the gores carefully unfolded ; a 
little air introduced by shaking the 
mouth w ill assist the easy opening 
of the materiijJ. The fabric should 
be drawn in such a manner that the valve lies 
in the centre of all, the .seam lines radiating 
from it to its outer margin. The mouth should 
be placed nearest the gas outlet though tlie whole 
balloon may be 30 or 40 ft. distant from this, 
'i’he folds of material a^’o drawn over the 
mouth or inlet in such a manner that the 
inward flow of gas will not be checked. 

Spreading the Net. The net is now^ 
taken in hand, opened, ‘and carefully spread 
over the balloon so that the circular grummet 
at the tojx finds its place on the valve. This 
grummet is now’ Htrap))o(l on to the rim of the 
valve by the eight small straps w4iieh art' 
fixed lh(*r(‘.on. The lc‘ading lines at the lower 
part of the net are loosely spread round the 
outer edge of the balloon, no particular care 
being needed to prevent their entangling, as 
they fall loose as the balloon fills. 
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Luting the Valve. The luting of the 
valves iH now attonded to, and the valve 
.spring adju.sted. Now the hose- pipe should be 
tied on k) the gas outlet and on to the mouth 
or inlet of the balloon. Before turning on the 
gas it is necessary to attach a certain number of 
sandbags by their hooks to the network. 

Placing the Sandbags. Starting from 
tlie liosc-pipe the bags should bo regularly 
placed round tlu; balloon about on(' foot away 
from its <'dge [ 2 \. Having settled upon the first 
mesh to liook tlie bag to, it is now essential to 
proci'od round tlu^ balloon and attach the 
KMuaining bags along Ibt* .same row f>f me.shes, 
with one bag at C'very fourtli mc.sli. 'riiis will 
utilise .‘12 of the sandliags, and the r(*maiiiing 
112 should be plac(‘<l in readim ss about a yard 
from the? balloon and b(‘tw«-(‘U eacli of tlu^ bags 
alreatly attaclied, in ord(T that they may lie 
»fs(‘(l in their turn. Tlu‘ gas may now Iv' turned 
on, and as it flows into the ballocm the .sand- 
bags will be found* to hold the uhole .system 
with regularity. At tins early stage care mu.st 
b(* lak<*ii not. to ]iermit any creases to rimiain 
in the fahrie tt)wards the valve, as when the 
material ascends Jiigher these eanuot be re- 
moved. \Vh<‘ii tlie gas has tighttmed tlu* fabric 
all round, it is timt‘ to lower the sandba.g.s. This 
is done by unhooking flu* bag from its luesb ami 
hooking it on one rne.sh lower [3]. 

Final Preparations. When the inflation 
is nearly comph‘le [4], or sooner if llie weather 
b(‘ wimly, tiu' lioo]) must he eariicd underneath 
lh(i balloon and (he leading lines eolleeted and 
attaeh(‘d to the toggles. When the .sandbags 
are on tin* lowest. seri(‘s of double.s, the ear 
should bt< introduced and attaelu'd to tli<* lower 
toggles of the hoop. M'lu' samlbags may no’v 
l)e ))laeed on tlu^ leading lines and the balloon 
permitted to ri.st* elear of the hoop and ear until 
ih<* inflation is eom})l(*te. 

Whenever the balloon is full, the gas must 
b(* turjied off, and tlie hose-pi fu* detached and 
removfHl. By looking into the interior of the 
balloon (eare being takem not to inhale the gas), 
the valv(* line may bo secured, though not 
(ight(‘ned, from the top. Tlie mouth may now 
b(^ <‘losed with a temporary cord or india- 
l ubber ring. 

It is now (hvsirablo to remove two of the 
sandbags from each of the leading lines and 
allow an assistant to take his position in the 
hoop, then to remove further .sandbags all round 
the balloon until the balloon begins to lise, and 
Hie bags get. out of r<*aeh of th.e men. The 
a.ssistant in the hoop then ])ioceeds to unhook 
and lower the. remaining bags until the lifting 
fKUver of tlie gas eaiises the balloon to ri.se. 

K*^I**y of Passengers. At this period the 
individuals who are to aseeud should take their 
positions in ih<' ear, after which more sand- 
bags niny be lowered from the leading lines. 
A number of aandbag.s containing fine sand 
should bo placed in the ear as well as all instru- 
ments and packages to be carried aloft. When 
the i,unauiing sandbags are removed from the 
hoop, tiie lifting power of tlie balloon may be 
tested. 
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If tlie weather be calm, there is no difficulty 
about this ; if windy, however, some trouble will 
be experienced. When the lifting power has been 
discovered, two or three extra sandbags may 
be phict^d in the car in order to compensate for 
the weight of the assistant in the hoop, who 
should now untie the mouth of thc^ balloon, 
piTinit the valve line to drop to within reach of 
tlio.se in the car, and himself leave the hoop. 
The balloon may now be finally balanced and 
the lifting power arranged in accordaAice with 
the force of the wind. If calm, little lifting 
power will be required ; but if windy, consider- 
able margin of lifting power w'ill be necessary 
to <‘nable the hallooii to ri.se rapicll3'^ and thus 
ilear all obstaeles on the earth. 

Sensations in Ascending. There is 
no ])hysical inconvenionee, and nothing but the 
sense of sight to tell the passengers that they 
ar(‘ moving. The balloon has now become, 
as it. were, a part of the atmosphere [6|, and moves ♦ 
onward with it, in a perfect calm. The aneroid 
barometi'r which is eariied forms the only 
suri^ means of telling the height. It will bt^ 
obser ved to fall rapidly as the altit.ude increases. 
(huKTall^^ within half an hour of (he start the 
ma.\imum altitude will be attained, and at an 
altiiudi^ of ])(‘rhap.H 2,000 ft. the balloon first 
floats along at a uniform alfitude for a certain 
1imi‘, and then (‘ommemces to (hiseend slowly. 
Having once eomuienced its descent., owing to the 
overflow of gas it will continue on its downward 
coiirsr unless chei*kt‘d by the discharges of bal- 
last. The usual procedure is to diseliargo the 
ballast in small (pianlilies when the balloon has 
attaiiu'd its maximum altitude so that it may 
continiH* a more or less horizontal course at this 
height. 

The Descent. Thi^ balloon continues to 
ascend and descend, aset‘ndiiig with the dis- 
charge of ballast, and descending with the 
natural overflow of thi* gas throngJi tluj open 
mouth or safety’ valve. Kventnally comes the 
lime to look alu'ad and decide on t.he place 
to descend. If .calm, any open field may 
be sek'cted ; if windy, however, great care 
slioiild be ex(*rcised, and the descent preferably 
made" after passing over a towm rather than 
before reacliing it. If windy, a sheltered 
spot should be aimed at ; this may best bo 
siH'iired by waiting until hills have been jiassed, 
and then deseeiitling in the valley. Before 
permitting the descent to take jdace, the trail 
lope should be paid out to its full length ; it 
will noAv hang from the hoop, to which it is 
secured, and descend downwards its full length 
of .300 ft. The grapnel rope, too, should be 
released from the edge c: the car, and, being 
also fixed to the hoop, will hang pendant, but 
as the grapnel itself still remains on the edge of 
the car, it hangs doubled for half of its full length. 
It should not be omitted to secure the neck line 
to the cross rope on the hoop, leaving a yard or so 
slack rather than fixing it taut, so as to give the 
fabric of the balloon a little play. As the balloon 
descends preparatory to the landing, the traU 
rope will bo the first to touch the ground, and 
the speed of the wind will be easily noticed by 
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tho rate at which thin rope is draw’ll across the 
country. If the balloon descend gradually, and 
witli not too great a momentum — conaitions 
which sliould be assured by small discharges 
of ballast if necessary —when about half of the 
trail rope is on the ground tho balloon w’ill no 
longtT continue to des<‘end, th<‘ loss of the weight 
of that portion of tho r()|)(‘ which trails on the 
ground causing the balloon again to have an 
upward t'cnd(*ncy- ^rh is lias the effect of main- 
taining tJio balloon at a convenient height 
for watching tho fi(‘lds over which tlio balloon 
is pjussing. 

Touching Earth. When a suitable landing 
field is observed, the valve line may be pulled, 
and s\dTieient gas n^leased to Va'ing the balloon 
to earth. [uinic<liat(*ly on touching the earth 
lh(‘ valve should lx* ojx'ncd fully. If the speed 
across the fi(‘ld seem to demand it, and the 
Av<*iglit of the yuifAsi'iigcrs in tho ('ar do(*s not 
st(^p tho onward course of tho balloon, the 
grapnel may be rohatsed, hut not until the 
valve has brx‘U op<*n as long as possibl«\ 

1\> throw the grapiu'l too soon will give 
the balloon an upward lift, and pioduee un- 
pleasant jerks, as the grapnel is in('lleetiv<‘ly 
jcrk(*d ov(‘r the land, but if it In* not thrown 
until sufiieient gas lijus e.seaj)cd, the lifting 
pow'iT of whieli w ill be ccpiivah'id to its wt'ight, 
then, when it is thrown ov(U’board, the ballo(»n 
and basket will continue to remain on 1 In* ground, 
moving along at the ground level and giving 
tho grapnel its lu'st opportunity of doing its 
w'ork. On no consideration should any of the 
occupants of th(} ear Ix^ permittixl to alight 
until the bidk of the gas has left the balloon, 
lly this time (juite a number of local inhabitants 
will gi'iierally Jiave arrived [6], and there will be 
no diiliculty in enlisting their assistance. The 
balloon, w'lien nearing emptiiK'-.s, can have its 
valve-spring r(*moved, .-o tlia.t the doors remain 
opi'ii without the valve* line* being pulled for tlu? 
completion of the dellatiou. ( ’oiiveyanccs by 
this lime w ill have? bce-n rcipiisitioucd, the hoop 
and ear nntogglcd from the* !U*t, and the balloon 
and its net fielded up and placed in its linen 
wrapper, thus forming ome package, W’hile the 
remaining impedimenta may be eonveniently 
jdaced in the car, thereby forming a second 
package to complete tin* luggage. 

Scientific Ballooning. A large imm- 
b('r of ascents are made foi* purely recreative 
purposes. Sei(*ntifie work, however, can well 
bo undertaken in connection with balloon 
fisccnts. Tile usual scientific observations 
made in a balloon consist of (1) the altitude 
attained, which is deduced from tlio height of 
the mercury in a barometer calculated with 
i t'gard to the tempi^ratun* at the time ; (2) 
the temperature, w hich is oliserved, and recorded 
by means of the therniomek*r ; and, finally, 
(d) tlio percentage of moisture in the air, ob- 
served by means of tho hygrometer, which is 
generally in the form of a wet and diy bulb 
thermometer. The luercuiw barometer is in- 
variably replied by the portable aneroid in 
all except scientific ascents. In tho latter it 
is generally carried, and its readings compared 
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with the column of mercury. An exceedingly uc^c- 
ful combination is the registering baro-thermo- 
hygro-meter, which indicates tho height, the 
temperature, and the dampness of tho air by 
tracing three blue lines in ink on a revolving 
chart. 

Elect ri(!td work is also carried out, an eloctro- 
seopc l)eing earrieil to determine the electrical 
condition of the atmosphere tlirough which tho 
balloon is passing. These experiments, however, 
generally have a negative n^sult. 

tJlass containers, with the atmosphere ex- 
hausted. are Komt*limes taken up, and opened 
at the maximum altitude in order that the air 
which enters may be brought- down and analysed 
as to its constituents. Scientists can see other 
uses, siH'h as dust eoimtt^rs, microbe traps, ozone 
testers, and other means of observing pheno- 
mena which do not readily occur to those not- 
acquainted with tlio latest developments of 
scit‘nee. 

The Parachute. The parachute consists 
of a circular-like shaped canopy of silk, cotton, 
or linen fabric some .30 ft. in diameter, to support 
till* weight of an average man. Twenty or more 
lilies are jiassed tlirough its surface from the 
eeritn* to tlie (*ireiiniferenc*e find thence down-^ 
wards to a liuigth of 40 ft., where tliey are’ 
secured to a small wooden hoop 1 ft. in diameter 
with .sword matting, a minaturo of that used 
with the balloon. Tlioso lines arc fixed to the 
eirciimfi*ri*nc(‘ of tln^ parai'hute and again are 
spliced round a ring of rope in the centre at the 
top. This rope ring has a diameter of 8 in. to 
1 ft., and to it also the fabric of the paraehuto 
is fastened. th(^ supi'rfieial foot or so inside 
being ]<‘ft ojien. This c;onstruction is a con- 
venient oiu*, and the liole in the top of the para- 
chute is Jield by some to assist in steadying 
it at its descent ; but. tlio actual advcintage 
of this sDiall a])(‘rtiire seems very doubtful, 
the ipiestion of a eorrerb )>roportion biitween 
tlie length of tlie lines carrying the WH^ight and 
tlui diameter of the supporting surface apyiear- 
ing much more likely to conduccj to a steadying 
dcsciuit than any small aperture not exceeding 
a tiODth ])art of the surface. 

F^ouncl tlic edge of the pfiraeliute is sewn 
a sliffish cord, which has the effect of keeping 
the mouth of the paraeliute sonn^what oxH*n in 
order to eatcli the first inrush of air when eoiu- 
ineneing the descent. A hoop of 3 ft. to 4 ft. 
in diameter, too, is also sometimes slung from 
the top to assist to this end. 

Using the Parachute. When using the 
parachute for the purpose of giving a display 
<’'f its powers, it is usual to attach the parachute 
to the balloon by moans of a thin cotton cord 
with a bre aking strain of 80 lb. The fabric 
of the parachute itself weighs about 30 lb., 
so tliat it is wx*ll supported by this cord. Tho 
parachutist wdio is about to descend takes his 
position under the balloon holding the hoop of the 
parachute in his hand. Attached to this hoop is 
a swing-like cord in which he places his leg, and 
at the correct moment, when the altitude is ouffi- 
cient and when the country beneath affords a 
suitable landing, he drops from the balloon. 
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When his weight is added to tJiat of the para- 
chute, the cord which supports it instantly 
breaks and tho parachute and aeronaut com- 
mence the downward drop, tho balloon in tho 
meantime rapidly ascending. An the para- 
chutist continues to gain speed the iiprushing 
air enters the folds of the parachute and shortly 
the whole canopy is extended to its full size, 
and tho downward drop is checked sufficiently 
to make the further descent safe and even 
pleasant. The slight oscillations of the para- 
<*hute whiesh sometimes occur give a wav'c-like 
sensation to the person who experiences it as 
if he were a bird with outstretched wings 
floating earthwards. The motions are vertical 
with the descent and horizontal in the direction 
and at the speed of the Avind. 'riie earth is 
reached at about the speed of r)00 ft. per minute 
and tho landing tak(‘s j)lace with not much 
more force tlian alighting from a moving vehicle. 
If it were a passenger l>allooii from which tho 
parachutist leapt, those remaining in the car 
would, of course, attend to the subsequent 
descent of tlu* balloon. When th<‘ balloon is 
a special parachuting one it is arranged with a 
weight at the top and with a somewhat large 
aperture at the bottom. After the parachute 
and the aeronaut have left, the weight at tin*, 
top naturally turns it upside doAvn. Tho gas 
escapes through tho large open mouth, and, 
devoid of its gas, the erstwhile balloon becomes 
a piece of falling material which speedily 
reaches the earth, a vehicle being sent to re- 
cover it. 

Hot-air Balloons. When there is difficulty 
in obtaining a supply of coal gas for ballooning 
purposes and tho great cost of hydrogen renders 
it impracticable, the hot-air balloon is adopted. 
For practical purposes one of 60,000 to 80,000 
cubic ft. is used. It is of 60 ft. diameter and 
has a height of about 70 ft. It is constructed 
of a strong cotton fabric, and as the net would 
be both heavy and troiibk^sornc it is dispensed 
with, and in its place strengthening w'ebbing 
bands are sewn on to the surface of the balloon. 
The mouth is some 12 ft. in diameter, and coming 
from that are four lines which carry the Aveight. 
No varnish is used on the outside, but the inside 
is covered with a dist-omper paint in order to 
render it airproof and to prevent its fabric from 
being scorched. This style of balloon is mostly 
used for parachute descents. 

To inflate the hot-air balloon a 30 ft. trench 4 ft. 
wide and 4 ft. deep is dug in the ground. This 
is covered up with iron plates so as to make it 
into a tunnel. A portion at each end is left 
open — at one end to light a fire of Avood and 
at the other end to receive a chimney 5 ft. high, 
most satisfactorily built of bricks. The balloon 
itself is suspended over this chimney by means 
of a rope passing OA^er two pulley blocks attached 
to poles about 35 ft, high. These poles are 
securely stayed Avith ro|)cs to the ground so 
that tho weight of the balloon hanging on the 
rope stretched between them will be supported. 

Filling with Hot Air. The balloon, having 
been drawn over tho chimney, is carefully spread 
out in circular form so that it has the appear- 


ance of a large bell fent, having its apex at tho 
horizontal rope and its base* (about .50 ft. in 
<lia meter) occupying the spae(‘ between the tAA'O 
poles, the chimney biding in tlu* interior. 

A large number of persons are stationed 
round the })alloon and bold on to tlie fabric. 
The fire is then liglited and maintained at a 
moderate heat until the rusJi of a\ armed air 
along tlie eliimiiey causes the balloon to rise. 
The bell-tent -like a])pearance noAv gives AA'ay 
to a. semispluTieal appearance and tlu' strain 
from the supj)()rling rope is taken off. As the 
balloon is filled the people round it permit it to 
rise high(;r and higher. When tlu^ inflation is 
nearing compkjtion the parachute is attached 
to the lines from the mouth and the })araohutist 
holds himself in readiness for the ascent. The 
suspending ropt^ is iioav drawn through the 
])ulley bloeks and aw'ay from tlie top of the 
balloon, th(^ pole to the windAvard is lowered, 
and the balloon finally inflated. 

At this jMM-iod the fire at the entranoe to tlie 
tunnel is raised to its maximum and the h(‘at 
within the balloon thereby inert^ased. In order 
to prcA’^ent a premature departure, four stakes 
having rings on them are securely fixed in the 
ground, round the chimney, and through these 
rings extra ropes from the moutli of the balloon 
are passed so as to form efficient means of 
holding the balloon in addition to the persons 
who are holding the fabric itself. 

These ropes may he held to a single point 
and fixed to a lilxjrator by which they may liit 
simultaneously released, or they may he en- 
trusted to four assistants avIio can release them 
at the word of command. From fifteen to tAventy 
minutes is all the time that is needed after once 
the fire is lighted. 

The Ascent. When sufficient lifting pow^r 
has Ixicn obtained the aeronaut from his position 
at the sling at the end of tho parachute gives 
the word to let go and the balloon then ris:>8, 
sluggishly at first, hut gaining momentum every 
moment. 

The aeronaut ascends with this hot-air balloon 
to the desired height, and then pulls the cord 
attached to the liberating trigger and descends 
in the same manner as described AAith the gas 
balloon, the hot-air balloon being Aveighted and 
arranged to turn over and emx>ty itself also in 
the same manner. 

Captive Balloons. For military purposes 
and for out-door entertainments eaptivo balloons 
are employed. In calm w^eather, a balloon may 
be held by means of a rope, and permitted to 
ascend to some ],()0() ft. or so in height, Avhere it 
will r<unain in position and enable tho.se in the car 
to oht ain Tiiore or less extensive vieAVS according 
to the condition of the air. From a height 
of 1,000 ft. a distance of practically tAventy miles 
may be seen, and as the view’ extends all round 
to the horizon, this means an area of some 1,200 
square miles. Naturally this fact renders the use 
of the captive balloon of eminent service for 
reconnoitring for military purposes, and forms the 
system of military ballooning adopted by our 
authorities. For purposes of amusement, a large 
balloon, capable of carrying from six to twelve 

3983 



TRANSIT 

persons, is generally used. It is similar in con- 
st nietion to the orainary passenger balloon, with 
such modilioations only as the particular require- 
mcntH need. 

It is fitted witVi additional network, known as 
the equatorial lincsy which encircle the balloon 
so that they may be used as stays to hold tlu^ 
balloon steady by being attached to rings fixed 
on the grouiul, '^Phe car is a circular galh'iy 
construction, with a door to permit easy entram-o. 

The “ Captive *’ Equipment. The 
captive ro])e of steel wire or hciii]) ]>ass<‘s 
through a largo circular ap<*rtur(‘. through this 
car, and thence ov(u* a pulley block liaving 
uriiv<Tsal movement, lirmly secured to an anch(n* 
in the ground. It then passes hoi izontally along 
flic surface, or throiigli :i. tunnel slightly benciitli 
the surface of tlio earth, for some ‘JOO ft., where 
a winding engine, titled with a drum for it,s 
nuH'ption, is placed. 'Tliis engine, which is 
usually of about 8-h.p., serves to pay the rope 
out at the asciait, and hiud it. in at the descent, 
until the irar lias reached the earth. Captive 
ascents are ])ossil)li* only in a moderately tranquil 
state of the air, hut experience* shows that in 
most pla<'(‘S a v<u*v fair p<'rcentage of days during 
the summer season are practicable for actual 
working. 

(’aptive ballooning for military ]uirpo.H(‘S is 
eondueted on a much smaller scale. A standard 
size of balloon is UM)tM) cubic ft. capacity, ca})abU' 
of carrying two aeronauts to a suitabU^ height 
for observations. It is always intiated with 
hydrogen gas, uhicli i.s carri<'d comi>ress('d in 
tubes to the site of the ascent. 

Airships. In a balloon, w<‘ are able to 
start when we like*, to ascend higher or lowc*!*, 
and i>y mc‘ans of tin* valve to drop to earth at 
any moment we desire ; hut wo eaimot d<*cide 
beforehand the direct ion in whiclv we shall 
]m)ce('d on any given day. An ainship, with a 
s])ced of 15 milc.s ]H'r hour, will move at the rate 
f»f *25 miles per hour with a 10-mile breeze, but 
id only 5 miles p(*r liour in a contrary <lir<*ction. 
Th<*re are two clus.so.s of airships — the tlying 
machine, which rises in the air ])un'ly by meejian- 
ism, and tht^ navigalile balloon. The problem of 
both is to propel themselves through the air, 
and tlu* real question, therefore, is ^mply which 
can go at tJu^ greater sp(;ed. The answer to 
this question may eventually be the flying 
machine, hut flu* great objection at tlic present 
monu'nt is its want of stability in tlu^ air. 
Hitherto, tin* only successful journeys through 
the air have been made by the propelled balloon. 

The Spencer Airship. In the mo.st 
siiceessful airship (7J ever used in Croat Britain, 
ami frequently navigated by the brother of 
the writer, tin? buoyancy vessel eonsi.st.s of an 
elongat.ed balloon of fusiform shape, which is 
inflated with hydrogen gas [8j, .and has a capacity 
ol dO,(XM.> cubic ft. — the gas having a lifting 


power of 2,100 lb. This is necessary to 
carry the weight of the entire structure. The 
balloon portion is made of closely woven fabric, 
varnished several times inside and outside, to 
render it impervious to hydrogen gas. Running 
horizontally round it is a sailcloth band 
securely st'itched on, the fabric being doubled 
and festooned for some distance up all round this 
band in order to give greater strength. The 
cordage is all attached to this band, passing 
through eyelets made within it, and hanging 
d«>wnwards to support, the framework with all 
its mechanism. This buoyancy vessel has a 
valve in the upper part to rehiase the gas when 
d<‘sircd, and in its lower part an automatic valve 
which idieves any undiu^ pressure before tho 
bursting point of the fabric; i.s reached. The 
framework or kc(‘l, which is a triangular- braced 
oonstnietion of bamboo, measures 50 ft. long, 
and hangs 12 ft. below tho gas vessel. It carries 
in front a screw propeller or tractor of 12 ft. 
diameter on a steel shaft, which is supported 
by ball lu'avings and runs through gear wheels 
and a clutch to the motor. 

Propelling Mechanism. Tho petrol 
motor is situated centrally in the framework, 
and one IVaturc of its construction is that 
its exhau.st-box is covered with wire gauze, 
on the Davy safety lamp principle, to guard 
against ignitiojt should p.ny gas approach it. 
Its fuel of }K*trol is carried in a brass con- 
tain(‘i‘, connect (‘d with coi>per tubes, and a 
similar cylinder bolds the water which circulates 
over tlu* <,*ylinder for cooling purposes. Tho car 
in which the aeronauts take their place is situated 
in th(‘ rear portion of tlic framework, and the 
mechanism of tin; motor is controlled by Bowden 
wires. b'urther to the rear is the rudder with 
two ropt*s leading to the car. A balance or trail 
rope hangs dowmvauhi from tlxis framework, 
lu'ld by two points o..t the front and back so that 
its position may be changed so as to take its 
weight to the front or rear as d(;sired, and thus 
altt‘r tlu; angle of the whole airship to the hori- 
zontal, a.s it is desired to point it upwards or 
cluwmwards. At present th(;re are two of those 
aerial craft in the balloon hall at Highbury 
ready for flights at short notice. One is of small 
liorsc- power, capabh; of travelling througli the 
air at the rate of 10 miles per hour, and one of 
24-li.p., capable of being driven at speeds of 
from 20 to 25 miles per hour. 

To attain proficiency with these airshij)S 
coiif inued flights arc necessary. Whem one first 
enters the water he cannot swim ; when a cycle 
has hc(*n obtained, it cannot be ridden without 
learning, and so it is with the airship — success 
comes by continual practice. 

Naturally these experiments are expensive, 
and the amount of use to which these airships 
arc put, therefore, depends upon the support and 
interc‘st which are secured. 


Vehicle Construction concluded 
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pOR long years history lias been taught in our 
* schools and in the schools of all nations. The 
reader may or may not have been fortunate 
enough to escape the common, vulgar, and futile 
conception of histoiy. This eonce])tion has been 
briefly epitomised by Herbert S])encer as “ a 
record of royal misdemeanours,” and since lu? is 
primarily responsible for the new conception of 
history, we may add to this phrase of his an 
amusing but deeply signil leant quotation from 
his Autobiography (TL, 83). “ T have a vague 

recollection of amusing Profe.ssor Youmans by 
my response to some remark or question coining 
from our guide at Holy rood — * I am ha])py to 
say I don’t know.’ Probably the remark or 
question referred to Queen Maiy. On this, as 
on kindred occasions, 1 thus implied my satis- 
faction, ]>artly in having used time and brain- 
space for knowledge b(‘tt(U’ worth having, ami 
partly in ex^iressing my small respe(*t for go^jsip 
about people of no intrinsic Avorth, Avhefher 
dead or living.” Elsewhere ho refers to “ those 
who look into tlu^ records of the past, not to 
nwcl in narrativ<‘s of battles or to gloat over 
Court SL*andaIs, but to And how institutions and 
laws have arisen and how they have worked.” 
Again, in the same Avond<‘rful book, SpeneiT's 
famous ‘‘Study of Sociology,” which we shall 
afterwards discuss most carefully, wc find a 
passage whi(di, ;j.fter our discussion of th<^ book, 
the reader will surely study in full for himself. 

What is True “ History ? ” Speaking 
of sociology, S])encer says ironi(;aI]y, with refer- 
f n<*e to people who have t he conventional notion 
of history : 

“ Of course, it is not to be put on the same, 
level with those historical studies so deeply 
interesting to them. Tlu; suprenie value of 
knowledge respt'cting the. genealogies of king.'^, 
and the fates of dynasties, and tlu'. quarrels of 
Courts, is beyond question. Whether or not 
the plot for the murder of Amy Rob-sart wa.s 
contrived by Leicester himstdf, with C^ueen 
Elizalxith as an actrompliee, and whether or 
not the account of the Oowrie (^mspiraey as 
given by King James was true, are obviously 
doubts to be decided b.^fore there can lie 
formed any rational conetusions respecting the 
development of our j)olitical institutions. That 
Friedrich J. of Prussia cjuarrclled with his step- 
mother, suspected her of trying to ])oison him, 
fled to his aunt, and when ho sueeecded to the 
Electorate intrigued and bribed to obtain his 
kingship ; that half an hour after his death his 
son Friedrich Wilhelm gave his courtiers notice 
to quit, commenced forthwith to economise his 
revenues,' made it his great object to recruit and 
drill his army, and presently began to hate and 
bully his son — those, and facts like those about 


all Royal families in all ages, are facts without 
whi<;li civilisation would obviously bo incom- 
prehensible. Nor can one dispense with fiill 
knowledge of (‘vonts like those of Napoleon’s 
wars — ^liis Italian conquests and exactions, and 
perfidious treatment of Venice ; his expedition 
to Egypt, suecc.s.se.s and ma.ssacres there, failure* 
at Aero, and eventual ret reat ; his various 
campaigns in Germany, Spain, Russia, etc., 
including accounts of hi.=i strategy, tactics, 
victories, defeats, slaughttTs ; for how, in tho 
ahsiuiee of such information, is it possible! to 
judge what institutions should be advo<3atcd, 
and what legislative changes should bo opposed ? ’* 

The History of Societies. “Still,** 
Spencer proceeds, “after due attention has been 
paid to 1 hese indispcmsablo matters, a little time 
might perhaps witli advantage ho devoted to the 
natural hi.story of soc‘i(‘( ies. Some guidance for 
j>olitieal conduct would possibly bo reached by 
asking — What- is the normal course of social 
evolution, and how will it be affected by this or 
that policy V It may turn out that legislative 
action of no kind can be taken that is not cither 
in agreement with, or at variance with, tho 
processes of national growth and development 
as naturally going on ; and that its desirableness 
is to be judg<‘d by its ultimate stiUidard rather 
tlian by j>roximate standard.-!.” 

TJiesc (luotations will sufTic(i to show W'hat wo 
mean by speaking of fi new conception of hi.story. 
What study can be named greater than tho 
record of man ? Vet do we not all know tliat, 
owing largely to the exci'cding diflieulty of teach- 
ing any real Jiistory, and to the examination 
system, and to the fewnes.s of those who “.seek 
tile wider meaning.s of facts,” history is too often 
eoncerned ivith the dates of h.attlcs, with the 
contem})til)]o atnours of men Avho are only the 
more contemptible because they were called 
kings —since, as ( \arlyU? said, “ tlio only divine 
right of kings is the right to be kingly men,” — and 
Avith sueh-liko trivialitie.s. It is time, tlien, that 
w<i Avlio seek to make the best u.se of our intelli- 
gi*nce should distinguish once and for all hctwtjcsn 
that notion of history aaIhcIi n'gards it as Tiicrcly 
a — more or less — glorified go.^sip, amusing but 
meaningless, delectable but despicable, and that 
conception of liistoiy Avhich sees in it tho record 
of the life of man or that mighty Organism 
Avhich Avas Comte’s conception of humanity, and 
which, to his mind, AA^as no less th^m an object 
of AA’^orsliip. 

Judge a Man by his TalK. You may 

estimate the intellect of a man, says Herbert 
Spencer, by observing the proportion of gener- 
alities to personalities in his conversation. 
Have we not all ht^ard Avith our earn that 

he ” or “ she ” — according as whether the 
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fj|jcakor be woman or man — ^is the main. topic 
of convijrsalion in tlie «trwt ; and do wo not 
know tlmt the person \(rho docs not dearly love 
a piece of gossip is scarce almost to vanisliing 
|)oini ? The novel, the short story, the drania, 
and an cnorraons proportion of conversation 
among great and small, young and old, are 
concerned with what this or that person did, 
docs, or is going to do. The t(^ller of stories has 
been a})f)rcci}itecl in all geatM'alions and in all 
ag<‘s of eacli generation. He is a powtT in the 
savage- t ribe. 

The Universal Love of Personalities. 

Wc w'ho believe in the theor'y that tin? iiistoi'y 
of the individual is a reeapitulation of the 
history of the raee may not<‘ tin* signilieanee 
f>f tlio fact that <'liildreii love storu‘s, that 
savagcjs do so lik(‘wis(', a-nd that people of scant 
iiit(jllig(m(u^ ])ros1itiite tlu'ir ])()weis of reading 
almost entirc'ly to this end. “ But when are 
you going to writ<r a book ? ' was the ernel 
(piestion wlii 'll Carlyk* asked William Black, 
the well-known nov<‘iist. The love of person- 
alities, in short, is universal in its distrilmtion 
and its infliunci*. Hence it is that the death 
of one king (>r another fnun <Mling too many 
lampn^ys is a historical fact as history is at 
})resent eoneeiv(‘d. 'PJu're is heftu'i^ th<^ ])resent< 
writtT at this moimnt tlu^ pa.g(' of a child's 
instructor which nurtunsl Ids scven-year-« >ld 
mind, and contains, in secpienee, the portrait.s 
of the kings of England, with their names and 
the clu(‘f fact j».hout each beneath the name. 
Here he tinds, what liis mind has retained fo!* so 
many y<‘ars’, th(* following : " Henry 1. Beau- 

cha’c. Died from eating too many lampreys.'' 
'IVue it is that a magnilie('nt lesson might, have 
been taught even to a child from this fact, there 
being no facts, not ev(‘n this, in ill (he univausi*, 
whieh an^ insignitieant to the pliilosof)l)i(t mind ; 
hut to (he mind of tin* historian the fAct was an 
end in itself. It was “ liistory.*’ 

Persons and Things. Tht‘ same love of 
pfusonalities bolds in polities, so that a politician 
may go about, let us say, ])roving himsi'lf ignorant 
of the lii*st ])rineiples of his subjwt , and incapable 
of reasoning upon what he is under (he delusion 
of thinking to be data, yet a- certain number 
of people will follow liim and “ wonder with a 
foolish face of praise, ” because the love of 
his iiei’sonality draws thtun on, Klsewiiere 
the present writer lias called the love of per- 
sonalities the mainspring of liction, and. except 
for the veiy few, it has hitherto been the main- 
spring of “ history^" which is mostly liction. 
Most of us prefer talking about people to talking 
about t hings, and reading about })eoj)le to reading 
about^ anv thing else that w'ords can expres.s. 
Trim it is that tlie proper study of mankind is 
man, as Pope said, and that if w’e analyse the 
love of pei'sonalitios and try to ri'cognise the 
dement of sympathy, for instance, that may be 
found in it, wo shall see in it not a thing to be 
sneen‘d at or a thing that we may one day 
expect to overcome. As a matter of fact one 
cannot cp^ive of society as existing without 
it^ tW it is an inevitable concomitant of that 
$y^pathy eommimity of interest without 


which societies are imppssiWe. And who 
shall pass a verdict on the desirability of a 
mental trait— -this love Of or interest in 
personalities— wlflch may show itself iik the 
abominable tittle-tattle of a smoking-room or 
boudoir, and yet is essentially one and the 
same wdth the force that impelled the observant 
genius of Shakespeare to depict a lago or a 
Hamlet? 

Descriptive Sociology. We are about to 
observe that there arc two distinct theories of 
causal ion in history, and in so doing we shall note 
how* the love of personalities may be made useful. 
The term dpsrriptire sociology w'as coined by 
Hc'ibmt Spencer to describe a great book upon 
which ho spent many thousands of pounds and 
which he was linally compelled to abandon, but 
w'hi<*h is now to be completed by means of the 
money which he left. lie destined such a book for 
the day “ w^lien the love for the personalities of 
history is less and the desire for its instruetiyo 
fac'ts gri^ater.” The study which now goes by 
this name consists of “ the collection and 
organisation of facts presented by societies of 
dillVrent types, past and present,” since, 
in ovdtu* to arrive at the primupkjs of sociology 
t here an' rcfpiired, “ as bases of induction, 
large accumulations of data, fitly arranged for 
comparison.” “ These facts supply the student 
of st)cial science wu'th data, standing towards 
liis coiielusionvs in a relation like that in whieh . 
a<*eounts of the structures and functions of 
dilTerent 1yi)es of animals stand to the con- 
clusions of the biologist. Until there had been 
such systiunatic descriptions of ditferent kinds 
of organisms as made it possible to compare 
Ilu‘ j onm'ctions and forms and actions and 
modes of origin of their parts, th<* Sciemee of 
Life could make no progress. And in like 
manner, before tliere can be reached in S(X‘iology 
gemTiilisat ions having a certainty making 
them worthy to be calli^d scientific there must 
b(‘ d<'linite account^ of the institutions and 
actions of societies of various type^, and in 
various stages of evolution, so arranged as to 
furnish the means of readily ascertaining what 
social phenomena aro habitually associated.” 

Aristotle the Pioneer. It is very 
interesting to note that neither the conception 
nor its execution is new. Though Spencer was 
unaware of the fact, his mighty predecessor.” 
Arist ot le— whose intellectual resemblances to 
him in i)roadth of knowledge, magnificence of 
generalisation, and oven in method, have been 
so often commented upon — conceived and 
carried out an essentially identical plan. The 
work which the great Greek called the Polittiai 
ctmtaini'd a descriptive history of the constitu- 
tions, manners and usages of 168 states. It 
would hardly be necessary to insist upon the 
immeasurable difference which time has wrought 
m the execution of the two enterprises. While 
Aristotle s horizon was only a few miles away, 
the later “ I^criptive Sociology ” discusses ^ 
the ^ugmh, Mexicans and other aboriginal 
New World races, the lowest roces^ such os 
Fuegi^, rasmaniaiw, and Sandwich iblsmdew,: 
the African races, the Asiatic rac^ (excludmg 
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the yellow peoples), the races of Northern 
America, the Hebrews and Phoenicians, and 
the French.; while there are now in preparation 
paj*allei accounts of the Chinese, the ancient 
Ej^ptians, and the Greeks. 

Hero, then, we see a conception of history 
which has only to be described for its importance 
and truth to be recognised, but of which the 
unbiassed sociologist must ask, “Is it the whole 
truth ? ’’ Unquestionably a true conception of 
history must include a descriptive sociology, 
perhaps the most striking indication of the 
character of which, and the most remarkable 
comment on its claim to be ranked as liL^^tory, 
is furnished by the fact that the names of 
individuals have no place w'orth mentioning 
in it and are scarcely to be encountered at all. 

Causation in History. And here 
we encounter a fascinating qin^stiou which we 
shall have no further opportunity of discussing 
in this course, sinc(^ we cannot possibly return 
to what is now often called the philosophtj of 
Jiintonjy w^hich we shall discuss now. With 
very rare exceptions, one of which we must at 
least note, all history that called itself and 
was recognised as history until Spenc(^r's time 
dealt with individuals as all-important and 
with circumstances or environment as s(‘condary, 
?'ubsidiary, and only in quite lU’gligibh^ degree as 
causes of the a(^tions of gr<‘at men w'liom the 
historian celebrated, Tn the beginning of bis 
“ Study of Sociology ” S[)cnc(‘r (liscussi^s wbat 
he there calls tlu^ grettf-tnan theory of history. 
In so doing he makes an allusion to the doctrines 
of that mighty literary genius and mighty soul 
Thomas (.'arlyle, •whose inherent energy and 
power of languages and p<Msonal oonvastioii 
persuaded Ruskin to call him “ the greatest 
historian since Tacitus.” Tiu' work of Carlyle 
wo may take as tytiical of, and as rcj)resenting 
in its highest form, the givjit-man theory of 
history. This theory is as old as history itself 
and reached its finest flower in its last hours - 
or, rather, in its last hours as the whole truth. 
It is incrediblo that the reader has not read 
Carlyle’s “ Lectures un Heroes, Hero-Worship, 
and the Heroic in History.” If he lias not 
done so we must apply to l)im the, words of 
Prosj)ero : he is one of those “ tliat liave mon? 
time for vainer hours.” 

The Great-man Theory, In a f(*w 
words from the first page we may deseriht^ the 
fundamental conception of that grtait book ; 

“We have undertaken to discourse here, for 
a little, on Great Men, their manner of ai^pear-- 
ance in out* world’s business, liow they have 
'sliaped thomsclv^es in the world's history, 'what 
ideas men formed of them, what work they did. 
Too evidently this is a large topic. Indeed, 
an illimitable one ; wide as Universal History 
itself. For, as I take it. Universal History, 
the history of what man has accomplished in 
this world, is, at bottom, the History of the 
Groat Mon who have worked here. They were 
the leaders of men, these great ones ; the 
modellers, patterns, and in a wide sense creators, 
of whatsoever the general mass of men con- 
trived to do or to attain ; all things that wo 


see standing accomplished in the world are 
properly the outer material result, the practical 
realisation and embodiment, of Thoughts that 
dwelt in the Great Men sent into the world ; 
the soul of the whole world’s history, it may 
justly he considered, were the liistory of these.” 

This is a splendid passage, and it seems to 
bear in its forehead the stamp of t ruth ; but 
here w'c are trying to be scientific;, and we must 
not permit ourselv^es to confound splendour 
as such with truth as such. We may remember 
Huxley’s description of rhetoric : “ that pestilent 
cosmetic with which men varnish the fair face 
of truth.” Is this great-man theory of history 
true 

The Kings of Thought. Now%it is all- 
important that we be fair and unprejudiced in 
our study of this great question. The present 
wTiter clearly has a bias in favour of Spencer, 
w'ho, as we shall see, opposed the great-man 
theory ; but, oil the other hand, ho can refer 
the reader to many previous parts of the Self- 
Educator in ])roof of the assertion that he is 
also a hero- worshipper, wlio never loses an 
opportunity of (pioting the lines of Shelley : 

“ And he is gathered to the kings of thought 
Who waged content ion with their time’s 
decay 

And of the past are all that cannot i^ass 
away.” 

Or these lines of Wordsworth : 

“ There is 

One great society alom; on earth 
The noble Living and the noble Dead.” 

Or, greater still, this from Daniel : 

“ They that be wise shall sliine as the bright- 
ness of the firmament, and tliey tliat turn many 
to right eoiisTU'SS as flu; st.a-rs for ever and cver.^’ 

W(; make the eleJm, then, that 'W'^e arc unpre- 
judiced. But this is not an instnie.tor, but a 
self-educator, and tlie reader will listen to 
no claim <as final, but will decide for hinrself. 

Spencer, and, following him, sociologists in 
geiv‘re.1, urg('ntly oppose the great-man theory 
of liistory. Spencer traces the gen<;sis of it to 
the customs of savage lift;, where the great 
topic on a return from the warpath is always the 
doings of sonu‘ chi(‘f or warrior. Such narratives, 
jierhaps accompanied by a dance or a ehont, 
constitiilo the whole history or chronicles of 
savage tribes. Similarly, the famous Moabite 
stone, the Eg^qitian frescoes, and the Greek 
epics follow the injunetion to “praise famous 
nu'n.” The power of this theory is strengthened 
by the early upbringing of each of us. “ Arms 
and the man” form the’* end of tho story, 
as they form its beginning. The reader will 
remember the first words of the first lino of 
Virgil’s great poem, “ Anna viniinque cano ” 
(Arms ;i4id the man, I sing). Hence, says 
Spencer, “ you find but a scattered few likely 
to take anything more than a* biographical view 
of human allairs.” 

The Genesis of Great Men. The 

valid and conclusive criticism on this view is 
that wo are entitled to ask. Whence comes the 
great man ? If we abandon, as we must abandon 
nowadays, the doctrine which has had its place 

3987 
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in tbc history of every society, that the origin of 
the great man is supernatural “ then tlie origin 
of the great man is natural ; and immediately 
this is recognised, he must be classed with all 
other phenomena in the society that gave him 
birth, as a product of its antecedents Along with 
the wliole generation of whieli he forms a minute 
part, along with its institutions, language, 
knowlc<lge, manners, and its multitudinous arts, 
and applianees, he is a resultant of an enormous 
aggregate ot forces that have been co-opt‘rating 
for ages. . . . The genesis of tlie great man 

depends on the long series of complex iiiHuenecs 
which has produced tlic rac() in which he ai>pcars 
and the social state into which that racc‘ has 
slowdy grown. If it be a fact that the great man 
may Jiiodify lus nation in its structure and 
actions, it is also a fact that there must Jiave 
been those antecedent modificjil ions constituting 
national progress before he could be evolved.” 

The Truth Between Two Extremes* 
In a very early society, according to Spencer, 
the great-man theory ‘‘‘approximately expresses 
the fact in represent ing tlw ea]3ab!e lea<lor as all 
important.” Jhit “ just as f«isi as war ceases to 
he the business of the whole male ])opulatu>n, so 
fast do societies begin to d('V(‘lop, to show tracs^i 
of functions and structures not l)(‘for<* possihh*, 
to ac<piire iner(‘asiiig complexity along with 
increasing size, to give origin to m'w institutions, 
new activities, new ideas, seiitinusits, anti 
habits — all of which unobtrusively make their 
appearance without tht* thought of any king 
or h‘gislatov. And it you wish to underst iml 
these ])h(‘nonieni of Mieial <‘\olution, >ou will 
not do it, though you should read yourself blind 
over the l)it>giM])hies of all the gri'nt lults's on 
tt'cord down to FredtTiek tht* (Jretsly anti 
Napoleon tlie Tieaclu'rous ” 

I^*t us consider whetht'r non, after thirty 
years, wt‘ can pronounce any judgment uptui 
this quarrel between Spencer ami the historians. 
It seems to tlie pn‘s(*ut w liter -wlio expresses 
Jiis view’s m<*rely as MihjtH l matter for thought, 
ami all t)f whose ends w ill he defeat t'd if the rcatler 
aect'pts anything whatever simply because he 
says so — that the truth lies stmiewhere between 
the tw’O exlreim's. 

Destruction of Pre»Scientific History. 

Spencer overstated his ease, as he was almost 
bound to do in tlie eireumslaiu'es He has 
achieved the final destruction of whal we may 
<*all pre-scimtifie history, and that is indeed 
well. But many of his critics liave pointed out 
with force and justii*e that history cannot he 
made comprehensihle— no. not even the history 
of the most advanced raecvS— on any ^iew' which 
reduces the important' of the liero, or gr<»at man, 
to the S})eneerian estimate. 'Pruth is maii\- 
sided, and we all tend to sih* the side that is 
neai'#»8t us — w’lietUcr owing to our training, tem- 
perament, or bias~-to the (*xelusion of the’other 
sides But it is the business of the pliilosoplier to 
aet, as Spencer himself urges, in another and 
higher connection : “In proportion as we love 
tnith wore and vietory less, we shall become 
auxiou| to know what it is which leads our 
opponents to think as thvy do. We shall begin 


to suspect that the p^tinaoity of belief exhibit^ 
by them must result from a perception, of flome? 
thing we have not perceived. And we ^all aun^ 
to supplement the portion of truth wo have 
found with the portion found by them.’^ . And the 
common view docs represent a portion of truth. 
No one will question that, the history of the world 
is other than it w’ould have been had Napoleon 
or Oiesar or Moses not lived. It is true that these 
men w'ere the products of their environment ; but 
it is far truer to say that, tliough they were con- 
ditioned by t}i(‘ir environment, and would not 
have lH*en wdiat thi y witc in other environ- 
mtmts, yet their environment does not give an 
ade((uate account of their causation. 

The Hour and the Man. No better 
instance of the truth which we are trying to 
ri'eognise can be found than in the ease of great 
<*rises in society, whether political, or religious, or 
other. The truth of the Spencerian theoiy is re- 
cognised — and (‘xaggorated— by those who say, 
w’ith too little qualifieation, thnt the orisis always 
produces the imm, tliat when an evil system has 
reaehetl a certain point th(‘ social environment 
invariably causes the evolution of the necessary 
individual, iintanci's of whom wo may find, ac- 
coiding to our beliefs, in M ii’tiii Luther, or John 
^V(*slt‘\, or Savonarola, or in any of the leaders 
who li’iv’o frec'd an oppressed people. But, in 
point of fait, this generalisation, wdiieh implies 
tint the gieat-min theory is entirely untrue, 
is itself imperfectly tiuo. Further study teaches 
us that, in ])oint of fact, the tyranny, the abuse, 
th(‘ evil of whatever kind, has onl\ too often 
eontmiied long aftcu* it should, according to this 
theory, leive ]»roduced the man necessary to end 
it. Sober hi'-tory does not sujiport the comfort- 
able doctrine tJiat, as soon as tlx' eircumslanees 
urgently demand a great man, they produce 
liini. On lh(‘ eontrarv, time and again we find 
that till’ evil wa,s no gnx'iler at the moment qf its 
overthrow' than it was a century hi’fore. In 
short, the hour was lipi* hut tlie necessary 
h(‘ro was not fortlieoriiirig. Thoughtful people, 
looking at the piescnt state of Russia, believe 
tlumiselves to svv in that unhappy land such 
sociological phiuiomcna as, according to the view 
vvUieli denit^s tlie grcxat-iuan tlieory entirely, 
should long ago have' produced the n<*cessaiy 
man. They think, howi'vir, that not only has 
this nian l)c*en W’unting in the past, hut he is 
wanting to day. They believe that all the condi- 
tions are rc-idy in Russia lor fhe* inauguration of a 
uc'wer and hettc^r era, exec'pt one. The oppressed 
have) not produec*d the all-essential hero. 

Man’s Relation to Environment. 

1 hese things nriy or may not be so. We submit 
them to the' reader’s judgment. The proposition 
whicdi wo .would have him consider and, if he can, 
accept, is that v\hat we have called causation io 
history is twofold—that the doctrine which re- 
gards all influences save individuals as important 
IS only a half-truth, and that the doctrine which 
regards no influences except the power of indi- 
viduals as important is only another half-truth', 
in otlier words, tlie history’ of societies is deter- 
mined neither by the inanimate and impersonal 
alone nor by the animate and personal afene, Imt 
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bjT the interaetion of both ; just exactly as the 
history of an individual organism is determined, 
not alone by its inherited or innate characters, 
not alone by the environment in which it finds 
itself, but by the interaction of both. It seems to 
the present writer that opinion, having swung 
too far away from the older direction, may now 
be allowed to rest in the reasonable doctrine that 
in the making of history neither are external 
conditions naught nor are individuals naught. 
Both arc essential, and neither can be ignoml. 
And for ourselves we do not think it wortli while 
even to enter into any argument as to which of 
these factors lias been the more important. Let 
the reader consider and he will see that such an 
argument, if it went deep enough, would .soon 
find itself to be meaningless. At any raU*, we lmv(^ 
hero offered an introduction to the reader of 
that mighty study which is <‘allt‘d the philosophy 
of history, which, he must take our word for 
it, is possessed of far greater dignity n,nd intor< st 
than we are likely to have been able to suggest 
A Landmark in the History of 
Thought. Ifcre, certainly, is the plaec 
in which we may discuss and dismiss the 
relation of sociology to geography. We 
have already asserted that sociology is tlu‘ 
synthesis and crown of all the sciences, an assi^r- 
tion of which wo shall find su])port in every 
paragraph. But the relation of sociology to 
geography is of special signilicanct^ hccause wo 
must take it into conscious account in our con- 
ception of history, and also lu'caiisc it will ever 
bo associated with the name of a great English 
historian. We often hear it said that a given 
race displays given characters — as, for instance*, 
extreme conservatism and hatred of change, 
liecause of the hot and enervating charaeter of 
the climate in whicli it lives ; or that the litera- 
ture of a certain peojile displays a great intimacy 
with Nature because of the moiiiitains, the valK^ys 
and tJio lakes among which the poc*ts of that 
race have lived ; or that a supcj’stitious element 
is conspicuous in the religion of a certain ])eoj)le 
because they arc familiar with some of the most 
terrifying and awe-inspiring phenomena of Nat ur<‘ 
— thunder, tempests, earth(|uakes. We feel 
that there is a truth here, though it is much 
more difficult to estimate its measure, and there 
is a great classic in which this doctrine i.s ex- 
pressed, with i^xaggeration no doubt, but still 
with extraordinary (UMiditioii and force that 
make it, within its limits, a landmark in the 
hist<^ of tliought. 

The Secret of Europe.” The fame of 
Buckle ( 1821-1 8G2) depends upon the only 
w'ork of his to which we need here refer — 
his ' “ History of Civilisation in England.” 
This book, of very great size, is really no more 
than an introduction to the com])lete work of 
which the author’s premature death has deprived 
us. Perhaps the central doctrine of the work 
18 the intimacy of the relation between geography 
and sociology, the doctrine “ that climate, soil, 
food, and the aspects of Nature are primarily 
causes of intellectual progress — the first three 
iadirectly through determining the accumulation 


and distribution of wealth, and the last by 
directly influencing the accumulation and dis- 
tribution of thought, the imagination being 
stimulated and the understanding subdued when 
the phenomena of the external world are sublime 
and terrible, the understanding being em- 
boldened and the imagination curbed when they 
are Small and feeble ” and, as a corollary, 
‘‘ that the great division between European and 
non-European civilisation turns on the fact that 
in Eurojic man is stronger than Nature, and that 
el.se where Nature is stnmger than Man. the con- 
sequence of which is that in Europe^ alone has 
man subdued Nature to his service.” It is almost 
a necessary complement of these doctrines that 
“ individual efforts are insignificant in the grt*at 
mass f)f human affairs, and that groat men, 
although they exist and must at present be 
looked upon as disturbing forces, are merely the 
cr<*aturt*s of the age to which they belong.” 
In short, \vc may say that the theory of Buckle 
is a theory of physical fatalism —that human 
history might hav<j been inferred from a know- 
ledge of climate. 

Many tlioiigh liis exaggerations arc, Buckle 
undoubtedly enunciated great truths, and, not- 
withstanding many inaccuracies of detail such 
as, of course*, no historian can free himself from, 
his book must hv read to-day by any who W'ould 
make a serious study of history. It has recently 
l)een published in the “ World's Classics,” so that 
it can be obtained for a very small sum. 

The Greatest Study in the World. The 
reader must not infer from the space w'hich 
w'o have ocen])ied in discussing the new concep- 
tion of hi.stbry that sociology is no more than 
scientific history. It it were no more it w^ould 
still he, peiiiaj)s, the gredtest study in the world. 
^'et this is really only one of its parts. We have 
placed it in the forefront of our study Iwcause of 
its great imjiortanee, and bi*eau.«c hy means of 
history and g<*()graj)liy we are able to show' that 
sociology, though a science, is most intimately 
related to other studies which wo do not cus- 
tomarily think of as sciences — though we certainly 
.should do so. On the other hand, the present 
cour.se has been design(‘d to follow in a rational 
and educative se(|ueneo the courses oil Biology 
and Psychology. It is upon thes(3 sciences that 
our science is essentially based, and it is from 
their side and not from th(‘ side of history that wo 
seek to approach it. An American observer has 
said that only too many professors of sociologv 
in tlic United States have just ” happened into ” 
the subject — that when a man is unfit, whether 
by training or intelligence, for anything else, ho 
can, at least, take up sociology, just as teaching 
in former days was the last resort of the incom- 
petent. On the contrary, it is difficult to say 
whether the study of sociology or tlic profession 
of teaching is the more difficult and demands the 
greater training and devotion and skill on tho 
part of tho aspirant. The men who “ happem 
into ” sociology are tho nwm wffio make it a laugh- 
ing-stock and a byword amongst serious jieoplo, 
and w'c must try to avoid anything so discredit- 
able as their performances. 
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Carpet Wools. Th<* t aipot industij stands 
out hO distinctly from the doth 'wo.uing tiades 
as to rail foi spec lal study In tho \\oa\- 
mg dopaitnunt mo^t notably tlu paitidilar 
diffei dices aio issintial, not atcuhntvl The 
laipet \\ea\ti uses a (tualit\ of jams ill Ins own 
What ai o i al led bm bat tan w ooK ht i \ o t he ( ai fM‘l 
manufacturer’s puijioscrt as well s'*, .ind in '•oine 
( aaes bi^ttei tlian, doinestu wools The wild 
nheep of India, Persia, and otlii i (piaitcis ot 
the globe fuiiuHh wools ol a baid, wii j diaractii, 
which, utteily unsuit.dile foi doth man ufai tine, 
supply the liardstiengtli and tlaslu it v theiaipit 
rmpiues We are far tiom isv,titing that fine, 
Kofti wools nil not used in laipets, oi that the 
finest wools would not make tin tmest caipds , 
hut It must he ki pt in mind that we ne pio 
diKing toi tluMUiiket \\ ild w ools an dieapti, 
and guelhe disjud lesolts ntliss < ost tli*in 
1 ommon wools Om supplus of wools aie not 
nhvajseasy toll ace, andtlu i ar])< t manutai tiuci 
need liaidly tumble wlume tlu supply tomes 
so long as it sei\es his jmiposi hk'ist Tndii 
IVisia, anti \igentina an tlu main ^ouiiis ot 
earpet wools, fiom Oporto \\t gitlui a supj)l> 
of wools foi tile lie^t dassi s of laipit^ , and the 
loaisei homo hieeds of shcip, with theskiitings 
and liighei sorting nunihus of the hmi wools, 
make up thi^ list ot oui law mateii lis 


evened, it matters little whether he gets his 
yarns fiom a hundred miles away or the ad- 
joimng room , lit* is foncemrd with the quality 
of Ills material Ihiifoiniity and good colour 
aie the iniinaiy leipiisites of carpet yarns. A 
good yam is free from lumps and kemps, and is 
])ropeily and reguJatly twisted throughout. 
The fault ot lumpy and kenipy yam is obvious ; 
hut the imobseivant weavei may not readily 
p(i((‘i\e why the iiiiitoimily ot twist is so ini- 
poll, ml Paiiiefs natiiially show a good length 
of the yam, if an iiiegiilaiity of twist occurs, 
the suifaie of the caipit will show it, and no 
imouut of tieatmeiit can hide the fault The 
ml pill of the Wilton, foi instance, will turn in 
I viij diKition, like the glass blades m a badly- 
mimn lawn To make suie tliat the quality ot 
flu yam is ii}) to fJie standard, the weavei should 
list I simple hank by scouimg it and com- 
p uingil with an iinscoiiudhank , if the chfforenco 
111 Iwist and weight he \eiy marked, the yam 
should he lejcefed, or put into an mfeiior class 
ot < 11 pit If a huge ipiantity ot one make of 
i ai)>< t IS hi ing w f)\ en , the ti sts should ho repeated 
seveial times, beiausc \anatums m quality 
aie ,ipt to o( i in \\ e do not in the least suggest 
fraud , it IS mi lely a question of workmanship, 
and should he tie itcd as such Tn hea\y yams, 
such as ,oe needed foi i arpels, exactness in 
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Yarns, Many caipet manufacturers buy 
their y^fn» ready made ; but the grcsitest manu- 
factorers Vany through the wliole process 
from b^iniiing to end, from the fleece to the 
flipilsilod carpet. So far as the weaver is con- 

mo 
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ot a touith ot a count is the utmost limit which 
i an he allow e*d witli safety ITuiformity m 
(ount ot yam adds imuh to the appearance 
of a I 11 pet, though it may not seem likely to the 
supc 1 tic la I obsoi \ el 

Colour. All larpet yarns are either dyed 
oi hleaihed Foi a knowledge ot these processes 
wi rcfii the student to the dyeing section of our 
i ouise But the weaver has on 
interest in the colouring of the 
(aipet wliicli cannot be passed 
over To eveiy weaving depart- 
l^gl ment one or more colourists are 

PffijXii P attaehixl, whose duty it is to 
niatc h the yai ns Selection of the 
loloms 13 one of the most im- 
poitaiit functions m the making 
IL 't . ^ carpet. Badly match^ 

unevenly coloured yams would 
I um the finest design conceivable. 
Each form of carpet has it^ 
own system of apportioning this 
work, and it may be better to 
sti^ it III the course' of each manufacture. T 
Waiys. Caipets have two kinds of warp : the, 
one is the surface or pile warp, with which is QUt)8 
c lief concern, the other is the body or bindoSiii? 
warp, which is composed of linen, oottoo, 





and in a few cases of wool. Linen is both warp 
and weft in the highest class of loop pile 
carpets ; lately, strong cotton yarns have come 
into favour, because they are lighter and cheaper. 
The value of cotton as a carpet warp has not 
yet been thoroughly tested, and wo do not 
undertake to dogmatise in comparing it witli 
linen. Jute has gone greatly out of favour 
08 a warp, because it does not stand w'cll the 
hard wear to w'hich carpets are subject. For 
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theory of former days, every frame contained 
yarn of a different colour, and a five-frame carpet 
was also a five-coloured carpet. Under this 
theory, any attempt to put more colours than 
frames into a carpet was regarded as a kind of 
fraud. It was said that manufacturers were 
cunning who made six colours appear in a five- 
frame, five colours appear in a four-frame, and 
so on. This was sheer and utter nonsense. 
Our good moralists supposed that the j^eople 



weft, or shoots linen is almost univer.sally used 
for all classes of car])ets : it is softer and weaves 
better than cotton of the same weight and class. 
For tapestry carpets we use a warp significantly 
called atulJlng, because it fills up the spaces 
la^twoen the threads of the warp. Stuffing 
is mode of low-grade cotton yarns, or jute. 
It is very .soft, and possesses very little tensile 
strength. Both waips and v'efts arc si/.ed 
or dressed with strong size of a gliu‘y nature, 
generally a weak gelatine. 

Having collected our various materials which 
arc general to .all forms of carpet, wc must now 
proceed to ox.amine the special constituents 
of each different kind. Tliis may ]>c done more 
simply and quickly in th<' actual yaoccss of 
manufacture than by any other nu'thod. 

Brussels Carpets. According to trade 
theory, Brussels carpets are elassid hy the 
number of pile warps put into thorn. Six- 
frame,’’ “five-frame,” four-frame,” and “ three- 
frame,” are the classes woven, the first being 
the heaviest and costliest, and not of km sold 
on the market; "‘five-frame” is most in demand. 
In dealing with this part of our study, we must 
work warily, and make statements with du<; 
caution. Fii’st, hd us un<leistand clearly what is 
meant bya frame, and how the number of franio.s 
determines 
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the earpet. 

Beginning to build u)) our })ile warp, we lay down 
a creel of yarn bobbins, each one of which will 
supply a single thread to the warp. As there are 
260 threads in the warp breadth, we require that 
numbjer of bobbins. That is one frame. If 
the carpet is to l>o a five-frame — that is, a 
carpet with a pile five threads thick — w’e require 
Other four creels or frames, each containing 
260 threads or bobbii^. According to the trade 


QQ-. 
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who bought carpets know the 
meaning of trade and technical 
kuins and the customs of the 
industry. A designer might 
put ten colours into a caryict, 
but no one would buy it because he supposed it 
contained ten frames of yarn. The buyer is more 
concerned in buying .a carpet to get <a pretty pat- 
tern and a rcasonabh' bulk, or AV(‘aring quality, 
than vvitli thi‘ adhenmoe of the weaver to a trade 
tradition of whif'h he has probably never heard. 
One way of thinning the pile warp, however, is 
resort<al to whicli can hardly 1x5 regarded as 
altogether fair to the buyer. We can put in the 
required number of frames, hut, instead of filling 
them with the 260 threads required, we may put 
in only two-thirds of the number and cover up 
the deficiency. There are various ways of doing 
this. Obviously, we may ‘spread the impoverj.sh- 
roont over the whole pile warp, or we can confine 
it t^ one or two frames. Even this, however, is 
not more heinous than the putting of a small 
number of warp threads into an ordinary cloth. 

:i99l 
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The Gammot. If the carpet is a five-frame 
with five colours, the duty of the “puttcr-on” 
IS \ery simple All he has to do is to procuie 
the bobbins of the live different colours, put 
in the creels oi fiamts, and his duty is ended 
But when there ai( rnoi colouis than fiames, 
and missing threads h< ic and tht n , liis position 
18 oni of iiKirc n sponsiliilil \ Fi<un the design 
apian of llie Aiarp ealU*da tfumprutf must lie made 
out, and this is tlu giiidf of tiu jiultt i on In the 
gammot aif shoun tin t hit ids Mlnth appear 
aiKl ihosi ^\ln< h do not apjM u in a givtn lint of 
th^ waip It is v( ry sim])]i Ont lim oisquiits 
on the papti is assigned to lach fiamt, and 
there ait 200 sipiaits m t uh lim V\htu 
all the warp thnads aic to ijipt ii llu whole 
of tht scjuart s w ill bt t uluui til , \> hi j < iny thi t «ul 
Is to be omittid, tlu scpnii of tli it toloiii would 
be lift blank Tint is to si\ pv( out of si\. 


On some old looms still in il6b the attempt ; 
at solving the problem may yet be seen^ 4t 
consists of a reciprocating rod with a catch at 
the end, which hooks into one of a set of wteft, 
and draws it into the shed. By a similar 
michanism the wire is withdrawn, after other 
hve hwe been put in and letumed loose, the 
w( ivi I placing It igain in the gioove, whence the 
lod < in didw it out again and insert it into 
the shed 

Looping Wires. Moie common, however, 
and cirtaiiily rnoro eoin< nu nt, ih the roller-wire 
mi I haiiism whic h insi i1 s ind w itbdr aws the wires 
aul omatR ally Sevoi al me t hods ot applying the 
piineipli have i oim into use, but all woik on the 
s line basis \ lollii is grooved into six sections 
•-0 that my one siitioii vmII covei the space 
oiciipied by the> numbei of wires inserted, and 
into tliosi gioovisthi wiies an inserted The 
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: i; the wire msdrts itself under the raised belongs to a class of artistic handicrafts whioh» 

; liow the half of the linen warp comes for various reasons, can hardly flourish in this 

iip» eiid forn^ the shed ; through this the shuttle country. No very considerable number of 

darts with its thread of weft, binding the wire in ; British artisans can over be cmi)loycd in that 

the pile warp goes down, and tho linen warp brfinch of the carpet industry, and those who may 

crosses, leaving a shed through which the shuttle h<‘, must bo specially trained in all the practical 

darts again. In this way we form the pile and details, from the first operation to the last, * 

build up the body of our carpet. unless, indeed, they arc mere labourers to tho 

Wilton Carpet. Roughly sx^eaking, the skilled workers. The essential characteristic of 
difference between the Wilton and tho Brussels the Axminster and all tlie Oriental carpets is 

is that tho pile of the former is cut to form a the knotting of the worsted i)ile, tuft by tuft, 

velvet pile, while the Iooxds of the latter remain into the body of tho fabric, involving handlabbur 

intact. But the teclmical differonees are much of a tedious nature. This fact not only brings 

greater than that. Wilton carpet looping wires the cost of the carpet ux> to a figure prohibitive 
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are oval in form, standing higher and forming a to all but the very wealthy, but it also gives tho 

larger loox^ than the round Brussels wires ; and K{ist(*rns, witli tludr c>icax)er standard of living, 

the extremity of each, as if the end had been a great advantage over us. 

hammered out and sharpened on the edge, is a Compton Loom. But the Axminster has 
knife blade 1.180J, which, wlum tho wire is with- been brought within the machine factory by a 

' drawn, cuts the loops. But tho weaving of series of inventions, of which tho (’ompton loom 

Wilton carpets differs in a very important par- is a fail* rej)rosentative. Tlie (.V)mpton loom 

ticular from its rival fabric. On the Brussels, accoinxilishes the knotting of the tufts of worsted 

the .picks of weft alternate, one ui) and one into the warp by mechanical means. Tho main 

•^down ; but in the Wilton woaye there are two feature of this loom [182J is an endless lattice 

'picks of weft up to one down, each wire having chain, on which are swung rollers wound with 

its own binding weft. This keeps the x>ilo tJio worsted from which the |)ile warp is to bo 
securely bound after it has been cut. formed. Other features of the loom must bo 

^ Ax:mitister. The production of the older carefully studied. 

of Axminster, which, in all but price, is the Setting* Our first duty is to prepare tho 
of ifche best Bmian and Turkish carpets, rollers which supply tho pile of tho carpet. Tho 
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worwtcd has been washed, dried, and wound on 
largo bobbins. According to the design, the 
worsted bobbins are selected and placed on the 
sotting machine. On the creel at the back of the 
matihino [183] the bobbins are arranged in ordc^r, 
and a roller is put into the mat‘lun(\ When the 
required amount of yarn lias been wound, a 
knife conies up and severs tlie -worsted, and 
another roller is ready for work. Thus, with 
swift facility, the rollers are wound. 

Weaving. The roller holders are taken to 
the loom and hung in proper order on the endlos.s 
swivel chain, geared on the frame above. On 
the loom the warp beam has hei^n placed, and in 
the slay the shuttle is ready. Just wlien the 
linen warp sheds, ihti lu)ld<M' with the pil<^ yarn 


comes into contact ; it automatically turns over ; 
nippons come up and grip the ends ; on the t(*n.se 
worsted a swift knifes strikes, leaving a set of 
short threads in tlie grijipiiig jaws. Tlie nifipers 
timi over, and insert the short thread.s into the 
warp of the loom. Warp and wi'ft loop round the 
pile, and the slay drives tliem tightly together. 
A row of tufts has been accurately -woven into 
the carpet. Jn this way Axminster earpt'ts, lus 
heavy and strong us any knotted by hand, mo 
made at. the rate of forty yards per day. Tlio 
lattice, chains of rollers can bo made any length, 
and therefore the possible variations in pattern 
are practidiilly limitless. 

Patent ~ Axminster. In the year 1839, 
long before anyone else had been able to suggest 
a way "of lessening the cost of the band-knotted 
carpet by the application of mechanical inven- 


tion, a Paisley maaiufapti^cir i\ajpip4 
Templeton conceived the , idea of forihing a 
pile of the tufted carpet by weaving into a warp 
the chenille fringes then being largely used for 
edging shawls. Obviously, if wo fasten strings 
of fringe together, a pile surface will be produced. 
There are two weavings in the making of the 
patent Axminster carpet, but neither involves 
any new principle. Adaptation is tho word 
which gives the key to the process of making 
this fabric. 

Forming the Pile Weft. When tho 
design of the carpet has been put on the 
w^orking paper, it is cut into vortical strips, 
w'liich are laid end to end. ''The Jong strip thus 
made constitutes the length of the chenille web. 

By following the variation 
of colour marked on the 
strip, trhe w’eaver [185] 
will make chenille of tho 
])attern required for form- 
ing the dt‘sign of the 
caiq^et. He must be 
careful, however, to see 
that the strips, when 
folded one on the other, 
will remake t]ie pattern. 
Tiu; right-hand end of 
the second strip must bo 
join(‘d on to the right- 
hand end of t lu; lirst strip, 
the left-hand end of the 
third strip on to the left- 
hand eiul of tho second 
strip, and so on, right 
to the last strip of the 
pattern. This strip is 
given over to the weaver, 
w ho lays it parallel with 
th(‘ warf) on Ihc loom. 

The eJienille loom, as 
we have already learned, 
has a linen wai'p tho 
threads of which are set 
in sections wide apart, 
so that the weft may 
float fi’oe betw'oen the 
warp lhread.s. Otherwise 
the loom is simple, when 
W'orked liy power [184J. 
Say that there are five colours in the carpet. We 
have five shuttles of dilTerent colours ready to 
place in the shuttle-box. Looking at the pattern 
fixed on the side of the loom, w'e find that the 
first four squares are green ; therefore, we take 
four picks of gr(*en. Next two squares are 
bronze, and we make two picks of bronze weft; 
next is a pick of black ; and right on. By this 
action W'c prodiK'.c a fabric of coloured stripes. 
WHien fully woven, the web of chenille is taken 
off the loom. Now the web is brought to a 
cutting machine, whereon the warp threads are 
cut into halves, and the whole web is formed 
into strips exactly resembling the pattern strip ; 
this is tho chenille weft for tho carpet. 
.Weaving the Patent Axminster. If 
the chenille be light, it is wound on spools 
and put into shuttles, like ordinary weft ; but 
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for Uic large carpets we have still to depend 
on manual labour [186J. The chenille is wound 
on to spools, certainly ; but the heavy threads 
are let out by hand, one man holding the one 
end and another the other, while they place 
it on the warp of the great carpet. At the 
same time another weaver gives the pickm- a 
stroke, and sends the binding shoot of linen 
thread across the web ; then all pull forward 
the heavy slay, and drive home the binding 
wTft and weft pile into the warp. As w'o have 
said, the weaving is all ])lain and easy work ; 
there is no new principle involved ; but the 
Avork calls for (ronsiderable care and judgment 
as well a.s the skill tliat eonu's from practical 
experience. We should say that lh<‘ patent 
Axminster giv’cs a strong and compact carpet, 
and no design is outside its 
C()rapas.s. 

Tapestry and Velvet Pile 
Tapestry Carpets. Invented 
by Mr. Hichard Why toe k, of 
Edinburgh, about the 
year 1840, tliis form of 
carpet has gained a 
larger salt^ tlian any 
oth('r. One very plain 
reason for this is its 
elieapnesM ; but it has 
other merits, and pcaiple 
who are bey(uid con- 
sidering a f(‘W pounds ^ 
in the finnishing of a 
house fr(*(nienlly jirofer 
the tapestry earpet for 
the floors of sonu^ of the 
smaller rooms of the 
Jiome. This apart, the 
tapestry earpet aj)p(‘als 
to tli(^ largest carpet -using public, and in con- 
.secpience the tapestrv-eaip<'t loom [187 1 has 
been brouglit to a higliei’ productive* capacity 
tJiaii any other carfx t loom. One Avho has 
studied and worked the ordinary power-lotmi 
need hav<^ no fear about uiulertaking to weaA'C 
in the tapestry-carpet factory ; but some ex- 
iwrience and careful observation will bo needed 
before the rc'ciuisite ex[)ertness ean be attained. 
Females may work the light and narrow looms, 
but the broad looms are almost- exclusiA-ely in 
charge of men. 

Putting in the Web. On the tapestry- 
earpet loom W'O have practically three Avarps — 
the pile warp of Avorsted, the linen AV'arp, and 
the tilling, (H)mposed sometimes of cotton, but 
generally of jute. Upon the delicate adjust- 
ment of these depends a great measure of our 
success ill Aveaviiig. The filling must always 


lie exactly between the linen warp threads 
and form the backing of the worsted. On the 
other hand, the worsted must start even, every 
thread in its place, or our pattern is ruined. 
If the setter has done her work accurately, 
and all the threads of the pile warp arc of 
equal tension and set exactly to the pattern, 
we have not much to fear. But many things 
may happen, and the displacement of a single 
stitch may mean disaster. Suppose, for ex- 
ample, one tick of green tips the pink point 
of a rosebud all the way through the web, and 
the thread on whi(;li it is printed has got slightly 
drawm out of range, the slight divergence may 
not be observable i-iltsewhero in the masses of 
colour, but always at that one point the 
defeefi wull appear. If this particular thread 
^ ha.s many changes of colour, the flaw 
will be sec'ii at the edge of every 
cliange, (3f course, this gives the 
setter a blotter chance of seeing and 
correcting the defect, and it more 
often haj)pens in the former case 
suggested. The time of 
getting in a w'eb is an 
anxious one for all the 
parties concerned, and 
no one breatljes quite 
freely till cA^erything 
has been shown to 
have come out cor- 
rectly. 

Weaving the 
Tapestry Carpet. 

The loops of the 
tapestry carpet are 
form»d by the Avires 
in the same way as 
in th(* Brussels, and 
the mocliajiism employed is similar. Wo have 
here no jacquard or other ela-borate a2)para- 
liis to mind ; the wlioli^ operation is simple 
and straightforward plain Aveaving. Of one 
thing the Av^eaver must bo Avary. Jiecau.m^ of 
t-lie force demanded from the reed in driving 
honu^ the Aveft, the loose reed has not been 
ado])ted on the tai)estry loom to any extent. 
In eousequeiKJe, aecidc'nts Avit-h the shuttle 
are uol uncommon. 'I’he Aveaver should always 
see that the race is plumb Avitb the shuttle-box, 
and that the shuttle does not jump, oA’cn to a 
slight degree. Balance is difficult to maintain in 
a loom so heavily driven, and the temptation is 
to trust to luck and get through with the AVork ; 
but the Av^eaver who makes a study of his loom 
and readily detects the merest disturbance of 
the harmony of its Avorking is most likely to 
Aveavc quickly and well. 

Continued 
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By JUSTIN McCarthy 


p LIZABETH now came to the ilirone. She was 
^ twenty-five years old, and had h(*en broiif^ht 
\ip in the principles of the Reformation. She had 
received a liberal education, and uas an aecoin- 
plishod scholar. She loved litc'iature, knew 
the great classic authors, spoke French and 
Jtaliait fluently and read the literatim' of those 
countries. She was fond of music and skilled 
in its expres.sioii , and Avas a brave and well- 
t rained horsewoman. 

Character of Elixabeth. Her character 
was made up of cimtrasting emotions and 
inclinations ; she was sensual and vain, 
and could enj(Ay any amount of flat tiny, 
no matter how extravagant, yet she had an 
unusual amount of clear and practical common- 
sense. While she passed with many of her 
courtiers as a merely frivolous creature who 
could easily be Avon by the most fulsome praises, 
she Avas quietly taking their measure and making 
them her instruments and puppets. Her com- 
ing to the throne was received witli rejoicing 
by the Protestants, aa'Iio saw that her reign 
would put an end to the pemeeution of the 
Reformed religion ; and it Avas also receiA^ed 
with hope by many (Catholics, Avho believed, 
from their reading of her character, that she 
would trouble herself little about religious 
questions so long as she had a brilliant (\>urt 
and could amuse herselt according to her oavu 
taste's. 

It is not probable that Elizabeth felt A^ery 
dci'ply on religions matters, but her shreAvd 
understanding soon taught her that her place 
in life must be that of a great Protestant ruler. 
The Pope, Paul IV., declared that he regarded 
her as illegitimate and could not sanction her 
claim to the succession, and that as England 
was under the control of the Papacy she must 
resign her pn'tensions to the throne. The 
Pope’s action only served to convinci* tlu* 
Piotestants of England that they must stand 
by her sovereignty or submit to England’s 
becoming a servant of the Papal rule. It 
seemed to them that to be an English Protestant 
was to bo an English patriot. Elizabeth adopted 
the policy of the pemeeution of the (Catholics, 
probably believing that she could not secure the 
safety of her throne, oi* the independence of 
England from foreign interference, by any 


other course. 

Elixabeth and Mary Queen of Scots. 

One of the events of Elizabeth’s reign most 
damaging to her character in history is the 
manner in which she acted towards Mary 
Queen of Scots. Mary has ever been* one of the 
almost romantic figures in history. She was a 
,Voiiiian of great beauty and charm, and of much 
Iht^ect a^^oultute. She went through many 

A , 


successes and misfortunes before the time when, 
in a moment of dc.spair, she throAv lierself on 
the prott'ction of Queen Elizalx'ih. Mary went 
to Fiance in 15-18, and was affianced to the 
Dauphin. She passed the next ten years at 
the French Court, aa here ^he received an excellent 
education. Jn 1558 sJie was married to the 
Dauphin, Avho on the death of the French King 
succeeded to the lliroiii'; hut he died in the 
folloAving year, and some struggles then began 
.in France for the siu-cession and control of the 
administration. 

An Unfortunate Marriage. In Scotland 
th(' death of Mary’s mother had left the State 
A\ it bout a head, Avhile the country was much 
disturbed by the followers of the old religion and 
tht' new. Mary had no desire to enter into that 
contest, and as the Ri'formcrs claim<*d to have 
the .sanction of thi' Scottish Parliament she 
alloAAcd them to take their eour.'^e, wliile main- 
taining her own right to folloAV the teaching of 
the Catholic Clmrch. Her reign Avent on for 
somt' time in eomjiarative peace and prosperity. 
Tt Avas soon tliought necessary, hoAvever, that 
sh(' should find a husband, and the Archduke 
Charles of Austria, Don Carlos of Spain, and 
many otlier nohlc's at home and abroad Avero 
suggested as candidates for her hand. ISIary 
AAould haA^c chosi'u I)on Carlos, but this not 
being satisfactory tolic'r Parliamt'iit, she suddenly 
decided to marry her cousin, Lord Darnlcy, 
aaIiosc mother AA^as a granddaughter of Henry 
YXf. of England. The majriage was in every 
AAay mo.st unfortunate for Mary. Darnlt'y was 
AAoithless and vicious, and she AVas soon repelled 
by liis immorality and alarnu'd by liis seiiish 
ambition. Darnlcy hail obtained from her the 
title of King, but Avlien lie tried to induce her 
to secure the crown to him for life, and to his 
lii'ii-s if she should die without leaving a child, 
JMary refused to give her consent. 

Rixxio and Lord Darnley. Mary's 
leading Minister since she returned to Scotland 
harl been her half-brother, th<' illegitimate son 
of James V., James Stuart, a I’rotestaiit, whom 
she had made Earl of Moray. On Mary's 
marriage with Darnlcy, Moray and some other 
Scoteli nobles had rehi'lled against her, but the 
n'belUon Aias easily suppressed, M«ary dealing 
inereifully with the offenders. Since then 
Mary’s principal adviser Ivad been David Rizzio, 
an accomxilished but not judicious or trustworthy 
lUliaii, whom Darnley had hitherto regarded 
as one of his most devoted friends. When 
Maiy refused to satisfy Darnley’s ambitious 
df'signs he at onge regarded Rizzio as the cause 
of her refusal, and Mieved that he was her 
lover. Darnley pensuaded some of the great 
Protestant noble.^ that. Rizzio was influencing 
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the Queen againHt the Protestant Church, and 
on March 9th, 1596, he broke into the Queen’s 
n»orn with a number of his new allies, and held 
,hor while they dragged Hizzio away and mur- 
dered him. 

Notwithstanding this, Mary still received her 
hnsViand as before, and even succeeded in draw'- 
ing him away from his recent allies. She may 
have forgiven him on aci^ount of his jealousy, 
or she may have determined, as a Catholic, not 
to renounce the man to w'hoin slie was married. 
Another reason may have hecn that a child of 
their marriage was about to he born. On 
June lOtli, 1566, Mary gavti birth to a hoy, after- 
ward James T. of England and VI. of Scotland. 

But Ijefore long Oarnley’s character hi'camc 
more repulsive than (‘v^er, and there w'as again 
some question as to the po-ssihility of a divorce. 
Tin* separation, however, was not destined to 
aceomplished hy mutual consent or the 
operation of the State. Tn January, 1567, 
jiarnlcy was attacked hy smallpox at Glasgow, 
wlure Mary visited him and brought him batJc 
to Etlinhurgh. He was placed in a house outside 
the walls of the eity, elose to the Kirk o’ Fields ; 
and throughout his illm\ss Mary attended 
him constantly, sleeping in a room below his 
bed-chamber and passing the evenings with 
him. On the night of Sunday, February btli, 
she h‘ft him to go to a festival in Holyrood 
Palace in honour of th<^ marriage of a favourite 
servant. About two hours after midnight the 
house in which Darnley was lying was blown 
u^) by gunpowder, and his body wjis found 
afterwards in the garden. 

Bothwell. Publi(^ opinion in Scotland at 
once ascribed the erime to flames Hc])burn, Earl 
of Bothwell, a Scottish noble who IomI been much 
favoured by the Qms'n Regi'iif, jind niised to 
higli official position by her although Jie had 
long (h'clared himself a Kid'ormcu*. In 1560, lie 
was sent by Mary of (hiisc on a mission to 
France, and th(U 0 lie hrst met the Qu(*en of 
SceJs, wlio, when she retuiiied to Scotland, 
made liim a IVivy (’ouncillor. He veas an 
amliilious and audaciou.s man, and Ids s(diem<‘s 
brought on him imprisonment in Edinburgh, and, 
later, exile to England and to Franc<‘. .After 
her marriage Mary recalled liirn, ami restored 
to him all his digniu<*s. Bothwell was brought 
to trial as the author of Darnli'y’s murder, but 
was acqiiitted, and tlu^ trial was regarded hy the 
])ublic, as a mere sham. Within less than a 
fortnight aft<'r his aequitttal, he captured Queen 
.Mary as she was ])assing from [..iiilithgow to 
Edinburgh. She offered no resistance, and lie 
carried her to his ])lace at Dunbar. Bothwell 
bail been marriisl not long iM'fore to a charming 
young woman, from whom he now obtained a 
divorce. Alary gave jiini a public pardon for 
ills seizure of her person, and created him Duke 
of Orkney, and within three mfinths aft-er her 
husband’s murder became the wife of the 
man whom the whole country regarded as the 
aumor of the crime. 

^^18 brought all licr leading nobles into open 
rob^lUon iigainst her, and the feeling of tho 
rouiitry now condemned her as it condemned her 



new Jiusband. It was believed by some that 
Mary was a party to tho plot for the murder of 
Darnley, or at least a tacit accomplice, although 
this was never proved. The army she had raised 
to resist the forces of the nobles dissolved without 
striking a blow wlien they showed themselves in 
battle array, and Mary was compelled t-o sur- 
render. She was consigned to a prison in tho 
island of Loch Leven, and forced to sign an act 
of abdication in favour of her son, who was immo- 
diat(ily proclaimed King at Stirling. After a 
long imprisonment, she contrivi^d to escape and 
to rally to lu*r sidi^ a small army ‘of about 6,000 
soldiers, wliich was utterly (lofeatcd by the 
Kegtmt, Moray. Then it was tliat she threw her- 
self on the protection of Queen Elizabeth, and by 
that act brought about. the elose of her strange 
career. Although she was kept a prisoner, her 
presence in i^ngland was a source of continual 
trouble to Elizabeth and her counsellors. 

Execution of Mary Queen of Scots. 
Mary had still nuMiy supporters among tho 
Catholics of tliese countries and of France, lUily, 
and Spain, wlio refused to believe her guilty of 
any crime, and regarded her as tlie last hoj>e of 
tlu‘ restoration of the i)ld Faith. Several plots 
W(‘re made for her release, and even for the 
assassination of Queen Elizalx'th. It was said 
that lettt^rs from Alary were discovered during 
the trial of some of the plotters showing that 
she was .a <!onsenling party to tlieir projects. 
She w.as put on her trial in September, 1586, 
foiiml guilty, and sentenced to death. Elizabeth 
w;!,s for a time reluctant to sign the death 
warrant, end scaaiis to have felt some doubt of 
tlie genuin(‘n(*ss of tlie eonvietion, and some 
consideration for her uiihap])y captive. The 
Queen was at le-st prevaiU'd on to sign the 
warrant, and on February Sth, 1587, ATary ^vvas 
])Ut to death on the seeJfold. To the last she 
bore herself with a lumiposun^ and a qneenliko 
dignity which deeply impressed all the beholders. 
Slu* w'as buried at Peterlioroiigh, and some years 
aft ('I* her body was rcmovisl to the C'hapel of 
Ifenry VII., where it still renuiins in a tomb 
raised by hi‘r only son, Jeanes I. 

After the death of Alary, the (lovmiiment of 
Queen Elizabeth imu'eased in scvcM-ity towards 
the Gatliolies. An Act passed in 1585 dciJared 
the presence of a Cc.tliolie priest in England to 
be treasonable, and his protection to be felonious, 
measures which were in many instances en- 
forced. Sueli (‘iiaetnK'iits, and the unsparing 
rigour with which they were carried out, aroused 
the strongest feeling of hostility among the 
Catholic nations, especially in Spain. 

The Spanish Armada. Philip II. of 
Spain was himself a persecutor of faiths not his 
own, but he was mmc the loss fervent in his 
<lenunoiations of the persecution of the Catholics 
hy Queen Elizabeth. He had other grudges 
against England as well as religious and political 
ones, for he had not only been an unsuccessful : 
suitor for tho hand of Elizabeth, but his policy in 
the Netherlands had been much opposed in 
En^and. He had long contemplated an attack : 
on England, and had even allowed his intention' 
of invading ^gland to avenge the death of a 
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^ CathoUe queen, and to restore her religion, to be 
publioly known. He had spent some years in 
maturing his plans, and the Armada of 1587 con- 
sisted of 130 large ships, more than 3,000 
cannon, 8,000 sailors, 10,000 galley slaves, 
20,000 soldiers, and some 1,400 volunteers, 
chiefly noblemen and their attendants. The 
whole Armada was commanded by the Duke of 
Medina-Sidonia. . The English fleet, hurriedly 
prepared to encounter the im'asion, consisted <»f 
80 vessels under the command of Lord Charles 
Howard, Sir Francis Drake, and Sir John 
Hawkins, and there were three armies on sliore 
to repel the invaders should tlicy effect a landing. 
The Armada sailed from Lisbon in May, 15S«S, 
but was dLsperse<l by a vjolent storm. The flc(‘t 
was soon got together again, and actually 
entered the English Channel off (Cornwall on 
July 28th, 1588. A series of engagements fol- 
lowed, in which the Armada suffered heavy lo.sses, 
was dispersed by fireships, and liad many vessels 
captured or sunk Viy the English. 

Elizabeth had been slow to admit tlie serious- 
ness of the danger, and lior endeavours to keep 
down the expenses of the naval prep;iral ions led 
to the English victory being less rapid and com- 
plete than it would otherwnse have been. 

But in spite of this it soon b<3caine evident to 
the Spanish commanders that the day was lost, 
and they began tln4r retreat to Spain in the 
opening of August, suffering heavily from the 
stormy weatluT. The Spanish arc computed to 
have lost 35 ships and 13,000 men. 

The Age of Literature. The reign of 
Elizabeth Avas the greatest age of litt'iature 
England has s<'(*i), and may challenge comparison 
with any era of the world. The mime of 
Shakespeare alone would immortalise tJie reign. 
It was also the era of Edmund Spenser, of Sir 
Philip Sidney, of Marlowe, of Massinger, of Ben 
Jonson, find of many other great men wJios<‘ 
•works, if they do not nrtain at the present day 
their full popularity, art* yet standard produc- 
tions of poetic and dramatic literature. [See 
Literature. | 

Another great man of a different order, also 
an author, was Sir Walter Kaleigh, a daring 
and successful soklior and explorer, some of 
whose highest triumphs were achieved during 
the reign of Elizabeth. But her chief favourite 
was Robert Diulley, Earl of Leicester, an attrac- 
tive and brilliant but insincere and self-seeking 
man, . Elizabetli was so taktm with Leicester that 
she would undoubtedly have married him but 
for the remonstrances of some of her most influ- 
ential advisers. After Leicester's death, Elizabetli 
took into her special favour Robert Dev<*reux, 
Earl of Essex, but it is generally believed that 
her affection for him was materfial rather than 
lover-like. A quarrel arose between them, and 
according to stories told at the time, Essex 
turned his back upon her, and the great Queen 
fortHwith boxed Ids ears. The two were never 
thoroughly reconciled. Essex afterwards plotted 
.^gainst Elizabeth, was found guilty of high 
tlt^On, and on Februaiy 25th, 1601, was 
bt^l^ed in tike Tower. . 


Elisabeth and Ireland. Whatever may 
have been Elizabeth’s faults, sUe unquestionably 
had a sincere devotion to what she believed 
to be the interests of England. In a speech ^ 
to her first Parliament, slie declared that 
“ Nothing, no worldly thing under tlie sun, is 
so dear to me tis the love ami goodwill of my 
suhjeiits.” In this we may credit her with 
sincerity, and it is certain that she was a most 
popular sovereign with all those of her subjects 
wlio clung to the principles of llie Reformation. 
She was unpopular in Scotland among those who 
favoured the cause of (^ueen Mary, and as un- 
popular in Ireland, wlierc she su})pressed several 
rebellions and where lier name is held to this 
day in detestation by tlie majority of the people. 
One of the most famous of her opponents in 
Ireland was Slianc O’Neil, who belonged illegiti- 
mately to tlio great iiouse of O’Neil, on the head 
of whicli Henry VTTI. had conferred the Earldom 
of Tyrone. The title carried with it, according to 
Englisli law, the principle of liereditary descent, 
but in Trolaml the clan or family were allow^ed 
to choose any member of the house to be its chief, 
^’lius, on the death of the first earl, Shane 
O'Neil was chosen as his sucetissor. 

The endeavour to enforce the Reformation 
pi‘inei])les in Ireland iiad aroustnl bitter resent- . 
ment and hostility among the Irish, and the . 
national caust*. liad become a religions one afl'*’ 
well. Shane O’Neil, already distinguished in his 
country by liis devotion to tlie Irish cause, pro- 
claimed himself tlie champion of Ireland’s 
restoration to national independence. Elizabeth, 
amid all lier troubles with foreign States, had to 
send a largo army into Ireland, for Shane 
proved a formidable enemy. Tlie Queen seems 
to have been n.ttracted by the eharaetor of tJie 
rebel, and to have been inspired by the idea that 
sJie might win him to loyalty if she had an 
o]>port unity of discoursing witJi him. She 
inviteil him to visit lu'r at her Oourt, and expressed 
a hope that slie and her frish people might he 
able to come to terms. O’Neil accordingly went 
to England with a number of liis retainers. 

An Unsuccessful Ambassador. The 
negotiations, however, came to nothing, and 
he was retained in London rather as a cap- 
tive than as an ambassador. Eventually the 
Queen made it known that O’Neil was to be 
regarded in future as a loyal subject. But when 
lie went back to Indand ho declared tJiat he had 
been compelled to accept the terms under 
pc*ril of captivity or death, and Jigain rebellion 
broke out. 

O’Neil came to his end in a manner unworthy 
of his position as an Irisli leader. In June, 1567, 
a quarrel broke out at a drinking festivity 
between him and some men who had been tribal 
enemies of his. The quarrel became serious, and 
Shane and some others were killed, and Ireland 
remained in a state of rebellion against England, 
more or less, through several generations 

In her later years Elizabeth sank into ill-health, 
and she died at Richmond on March 24th, 1603. 
With her death came to an end the dynasty of 
the Tudors. 


Continued 
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By JOSEPH W. HORNER 


Gearing Chains. Gearing chains are used 
for iransmitting power in cases wh(*ro a flexible 
3"et accurate drive is required. 'J’lieir leading 
applications may be (mumorated as follo\v.s : 
Driving stc^ani* engine governors ; driving lino 
shafts from elect ric motors ; driving motor- 
car axles ; driving pu/nps and mac*hino tools 
from electric? motors ; driv'icig feed gears of 
machine tools ; driving grain eh? valors and 
general conveyor work; travelling gear of steam 
and electric cranes ; agricultural machinery, 
etc ; hoisting tackle for pullcy-hlocks and 
cranes. There are various types of gearing 
chains in use and each 
ty|Xi has its sphere 
of application more 
or less distinct from 
its fellows. 

Tin? leading type.s 
are the stud chain, i\w 
block chains the huf^h 
roller chain, and the 
'jxUcrit silmt chain. 

The Stud Chain. 

Fig. 119 shows a 
heavy st\id chain as 
used for lu)i.sting 
tackle. It i.s desigru’d 
for a working load of 
10 tons, and a factor 
of sM.fcty of 10, coi\- 
sequf'iitly its breaking 
load would be 100 
tons ; a cliain of tins 
nature is dcsigncal 
simply for strength, 
and has not sufticiemb wearing- surface to render it 
suitable for transmitting }>ower except at very 
slow speeds, not exceeding, say, 50 ft. per minute. 

A table is given on this ])age showing the 
principal dimensions of this ty])o of chain for 
various loads. Tlu? factor of safety varies in 
practice fromO 10 ; the loads given in the table 
are breaking loads, and must ho divided 
by a factor of sah'ty to obtain working loads. 
This eliain is sometimes termed /na arid link 
chain. 

The &lock Chain. This is suitable for 
speeds up to 5tX) ft. jier minute. The block may 
be hollowed, or flat ; the design of this chain, 
as well as those which follow, is based upon 
the provision of ample wearing-aurfaco rather 
than upon actual strength ; the pro]iortioas are 
settled ’by practice rather than by calculation 
Accordingly the selection of a chain for any 
particular duty is best left in the hands of 
expert manufacturers such as Hans Renold, Ltd,, 
Manchester, whose reputation is world wide! 

0m 


Fig. 120 illustrates a working drawing used in 
the manufacture of such chains. 

It will be seen that not only are all the details 
fully dimensioned, but the drawing-sheet con- 
tains data with regard to quantities and to 
material ; the }>crs]K?ctive view of the block 
give.s a good idea of itif shape at a glance, An- 
otluu- feature to he noticed is the extrtjino exact.- 
no.ss of the dimensions, vulgar fractions being 
inadmissible with tlu? accurate macliinery used 
hi the manufacture of the chain. 

The Bush Roller Chain. Suitable for 


.spc(?ds up to 800 ft. 



per minute, the con- 
struction of t his (?hain 
will he seen f roin 123 A 
and 123B, which is 
a vcproductifui of a 
II ('Hold working draw- 
ing. Tlu? rivets of the 
cliain carry liardcned 
bushes, whic'h form 
a bearing for the anti- 
friction rollers which 
engage with the wheel 
tc('th. ^J’he latest 
practice of Hans 
llenold, Ltd., in the 
matter of issuing sliop 
drawings is to show 
each comjioncnt part 
on a scpaiate card, 
ea' li () in. long by 
5 in. wide j 121], ‘ d'he 
advantage.s of using 
the cards are briefly 
tlieso : (1) The work- 
man has only the drawing of f»no item in front 
of him, and since that is the one which he is 
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concerned with, no time ig lont in 
having to pick his part off a drawing 
containing other Avork ; (2) if an 
alteration is to be made it entails only 
the calling in of a few cards and the 
issuing of revised ones, the incoming 
cards being destroyed, but when the 
Avholo drawing [123] is involved, it is 
a much moro troublesome and expen- 
sive matter to put right ; (3) the 
whole drawing is retained in the 
drawing office, and assembly cards, 
as 122, are issued for putting tho 
parts together. 

The Renold Silent Chain. 

The honour of designing and const ruct- 
ing the only satisfactory* high-speed 
chain belongs to Hans Renold ; 1,250 ft. 

I^er minute can be attained with tliis 
cihain [121]. Tlie construction is 
xinique, and the action of engaging 
Avith the wheel teeth is entirely dittiTcnt 
to ordinary chain gears. In order to 
understand this bett/cr we will first 
investigate the action of ordinary chains 
and the formation of Avhcel teeth. 

Fig. 126 illustrates a wheel suitable 
for working with the chain shown in 
119 ; tho tooth curves are involute, and 
there is just enough space at the 
roots for tho easy Avorking of the 
studs as tho chain enters and leaves 
tho teeth. Tills is tho simplest form 
and Avorks stxtisfactorily with slow 
speeds and uniform loads. As speeds 
increase and loads vary, this con- 
stru(?tion must bo modified ; the best- 
made chain AviJl stretch, and then 
tho Avheel has to accommodate a varying being the cause of the wear and noise which 

and an increas- limit the speed. 

ing The Patent Silent Chain. Referring 

Another com- now to tho patent silent chain [121], wo see that 

])li<-aiion has the action of tho links is to come quietly into 

also to be met ; position without slide or shock ; when tho teeth 

the driving ani wot n, or Avhon the chain is stretcfiied, tho chain 

Avhccl has a rises automatically up tlie wheel tooth, as in 

tendency to 127, and so accommodates itself to alt-ercd 

run faster than conditions, and maintains a silent drive. The 

the chain, Avhile chain consists of a number of links of the outline 

the driven shown, there being from 4 to 12 abreast accord- 

Avhcol tends to ing to power transmitted. There are various 

lag behind the modifications of construction adopted to suit 

<; )i a i n ; t )i i s 
effect is seen in 
126, which is 

slightly exaggerated in order to show the clear- 
ing ^lowances made. The x>itch of the teeth is 
greater than the, pitch of the chain in the case 
o| the driving wheel, and the tooth spaces are 
much wider than actually required for tho 
accommodation of the roller alone ; by such 
construction the above-mentioned difficulties are 
overcome, but the life of the chain is seriously 
impaired if run beyond a speed of, say, 800 ft. 
per minute. The difference in pitch between 
» thif chain and the wheel gives rise to a series 
. of;/iitUe shoel^ as, the load is transferred 
f!rom t^th to^ ^oth%hile*Htnnmg, such shocks chains 
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diftVreiit drivo.s, but the ubovo }>rinoipl(‘s do not 
alU'r. 

CliAin IVheels. Chain Avhrol.s avo ordinary 
castings for stud thains, ])iit arc iii- 

variably inavliinc cut for all otlior types. 'Phc 
diameter of a wheel is naturally kept as small 
as possible in older to keep the chain speed down, 
and also to save expense. When using block 
chains the limit of teeth in the pinion may be 
taken as si.\, altliough smaller ones have b<*en 
employed for special work. With roller hush 
chains eight tt‘eth 

an^ considered to 

he small enough 


less than 15 or 18 toeth, 
according to construction of 
chain ; the gear ratio recom- 
mended should not be more 
than 5 to 1. 

Tt is desirable to arrange 
a gear drive so that it con- 
tains an even number of 
links or pitches ; when this 
is unattainable recourse is 
had to spcfjial links as shown 
in the top right-hand corner 
of 123B, where they are 
cranked to fit outside of 
the links they would come 
abreast of. 

Chain Belting. A 

chain belt is a form of 
metallic chain used largely 
for elevating and conveying 
ma' hincry ; the links are 
invariably of malleable ca.st 
iron. I’lie dc*sign and manu- 
facture of this chain is even 
more in the hands of specual- 
ists than that of the fore- 
going ty [)es, eonswtjuenily the 
(Iraftsrnan is raicly or never 
called uj)on to design them. 

Friction Wheels and 
Clutches. These are used 
for tlie transmission of 
power, at intermittent in- 
tervals, from constantly - 
moving machinery ; or for 
rapidly disconnecting a por- 
tion of moving mechanism ; 
or for connecting machinery 
to engine, after it has started 
up. A common application 
of the latter form is met 
with on motor-car work, 
where the engine is not 
capable of starting up 
against full load. 

The principles underlying this class of mechan- 
ism are discussed on page 958, and apidications 
arc illustrated on page 901 and 908 in Mecua- 
Nio,\T. Enotneerino. We therefore proceed to 
delineate more fully several loading types. 

Fig. 128 shows a fiat- faced friction wheel and 
pinion as used on a friction lioist. The wheel 
is keyed to the rofie-barrcl of the hoist, and tlie 
barrel runs loose upon the shaft. The end of the 
shaft is formed eccentrically, and is moved 
through a portion of an are by means of the lover 


for ordinary work, 
while the rat if) of 
tht» vhcol and 
pinion should not 
be more tlian 7 or 
8 fo 1 . The sma1b'.st 
wivH'ls for the 
patent silent chain 
should no^ contain 
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and cord. This movement 
bringB the friction wheel 
into contact with its 
pinion, which latter is 
running con.stantly ; the 
friction set up between 
the two surfaces causes 
the wheel to revolve. The 
barrel, being keyed to the 
wheel, must go wnth it, 
and so the load is lifted. 
The calculations involved 
are simple, and may bo 
stated thus : The load to 
be lifted is 1 ton, the 
corresponding load on the 
periphery of the wheel is 
load X A _ 2,240 x 0 

305 lb. 

Assuming the coefticient 
of friction to bo *2 (cast 
iron on cast iron), th<‘n 
the pressure required be- 
tween the wheel and 
pinion is 


and the load on the o])era- 
tiug cord is tluMcfort* 

1,975 2^0 _ J,075 X -75 
“ "li ‘ " 70 ' 

= 21 lb., 

which is quite within the 
capacity of an average 
man to manipulate. Tlie 
jmlleys are designed as 
oidinary belt pulleys, but 
aro somou hat heavier 
throughout, to withstand 
shocks duo to the sudden 
a])plicatioii of the load. 
An enlarged view of the 
ecjcentric formation of tlu; 



123 B. BUSH ROLLER CHAIN DKAWINO 


shaft is given in 123, which is a neat way of making 
a very short lever arm. ’’riic weight near the end 
of the long lever is so placed in order to ensure 
. tho large pulley returning to contact with a 
brake block arranged overhead, when the hand 
cord is released. The width of the Avhecl is 
0 in. in the ease illustrated, and this works out to 

h^l?. 1 = 329 lb. per inch of width. 

6 * 

This represents average practice. High pres.sure3 
per inch of width tend to heat tho pulleys. 
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Friction Cones. Friction cones, or conc- 
cou,])Ungs, as they are sometimes termed, aro 
used for coupling shafts together while one of 
the shafts is running, or for taking power from 
a revolving shaft. Tho latter application is 
.shown in 129, the view illustrated being a 
section, and all iK^rtiona circular. Tlio outer 
<•0116 piece A is bushed and runs loosij on the 
shaft, being kept in its placo endwi.so by 
means of the collars B and 0. Teeth are cast 
on tho outside ixu-iphery, which engage with 
corresponding tetdh of a spur wheel. The 
inner cone piece D slides upon feathers fitted 
in the shaft, and is moved by suitable lever 
gear fitted to tho groove K. Driving 
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128. FHKTfoN WIlK.KliS 


with sufHcicnt force to overcome the rcsistanec 
to Hlipping between ih<nr rtuil’aves. Tlu* end 
prortsure required d(‘pends upon the eoeftieient of 
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cone. Tlio 
wlierc 


129. FRK'TIOX (’ONES 
friction and upon the angle of the 
general formula in use is P - 

P is th(* neee.ssary end ])r(\ssure, L is the load to 
be transmitted at the nnvui diam(d(T 
of the cone. 0 i.s used to denote* the 
angle ; “sine ’’ is a trigonometrical ratio 
of tlie angle 0 , and is found by dividing 
the perpendicular by the hypotenuse ; 

denot(*s coetbeient of friction. The 
angle (/ is usually 10 deg., and may be 
takiMi as *2 for (*ast iron on ca'^t iron. 

Reversing Cones. Anothe 
appheation of the fon'going tyjw of 
cones is shown in 130. 'Plio outer eone 
A is in this case driven from thc^ shaft 
by means of the cottar B, which pas.ses 
th»ough a slot. C. in the shaft. Tliis 
cottar also passes through a central rod 
which i: omved endwise at the centre 
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of the shaft. 'Phe outer cono is double-ended in 
order to engage w'ith eitlun* the right or loft hand 
inner cones, and tlu'sc^ latter are each east in one 
pi(H*c w itb a bi5vel pinion, and both pinions gear 
inlej a single bev^el wlieel ; the shaft D runs con- 
tinuously, and eairies ilu^ outer cone with it. 

When the sliaft is running in the 
dii(*(‘lio!i of tlu; arrow K, and the 
(•(uie .F is engaged, then the bevel 
Avht'el runs in the direction of the 
arrow’ G ; but if the cone Jl be 
engaged, then the bevel wheel re- 
volves in the direction of arrow The central 
rod device can only bo list'd when the cone.s are 
located a short distance from the end of the shaft. 
Failing this, they may be moved, as in the ease of 
129, by forming llu‘ groove around the centre of the 
outer com?. The feather K assists to drive tlu^ outer 
cone, and its t'nds keep tin*, inner cones at their 
])ropt‘r dislaiict^ apart . SoimM imi‘s collars are fitted 
at. the eruls of the featlier in order to prevent the 
ends of the cones being cut by the feather. 

. \ 'Y^ 
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Friction Clutches. The principal c>b- 
joction to tlie use of lh<^ friction devices just 
described is the resulting end pressure upon the 
bearings of the shafting. Figs. 131 and 132 show 
two friction clutches wliicli arc practically free 
from I his defect. 

An cjt'pandiwf ring clutch is seen in 132. It is 
double-ended or reversible. The expanding ring 
is driven from the shaft by key and by tin* 
piece B. Jt is expanded to driv’'c the hollow of 
the mitre wheel (\ In order to ctlVet tlie ex- 
liansion, tlie ring is divided at D, and rereivi^s 
a s' eol wedge pio<?e, which is forced up by amdlier 
wodge formed on lev'er F. d’his lever is moved 
by striking thc^ eoiie piece F to the right or to 
the left. Tlio angles of the wedges and of the. 
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132. EXPANPINO niNO CLUTCH 


eone are such that they slip back when the 
jiressure is removed. The adjusting screw G on 
the end of the lever jirovides means for follow- 
ing up the wear on the working parts, and so 
keeping the relative stroke of the cone a 
eonstant. 

A frk'tioii elutoh wliieh lias w ide applieations 
aiuengst mill work and winding engim^s, and can 
be built to transmit thousands of horse- pow'ers, 
is shown in 131. It is made by the Wellman 
Seaver Morgan (7o., Ltd. It consists of a eentn? 
driving disc A, Avhieh is keyed to tlu^ shaft, and 
earrii's with it a wood-lined strap, B, which is 
afljustable by means of its anchored end, (', on 
driving pie(e J), and is tightened by the end 
marked E and the lever F, the tail end of which 
has a spherical cfmnection with the link G. The 
sliding collar T£ is moved by .suitable striking 
levers, and eaus(‘s tlve 
link G to move the 

fj // x\\ F from position J 

// / to ])ositiou K. The 

I (! i "V • T ' 'f n •''trap is thus tightened 
.A-J \\ Xjj ' J J! upon the rim of any 
j V\ \ i dmm or wheel which 

may be interposed be- 
tween the strap and 
the driving disc A, as 
shown in chain dotted section. Such inttnposing 
rim does not har^c any contact with disc A. 

The leading dimensions of one of these clutches 
arc given on the drawing [181], which is a 
6-ft. diameter example, and can transmit 
11 -horse power per revolution, with a maximum 
load of 20,000 lb. on the rim. 

Continued 
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THE USE AND ABUSE OF DRUGS 

CHEMISTRY 

28 

Remarkable Properties of Drugs and Beverages. Value of Tea and Coffee. The 

Ci,iitliini<l /i.ijii 

Ridiculous Claim for Alcohol, Morphia, Opium, Tobacco, Strychnine, (Quinine 


By Dr. C. W. SALEEBY 


Opium and Civilisation. We must now 
tuni to a detailed diseiissioii of ti few of the most 
important ve‘(etahle alkaloids, arid wo shall begin 
with wliat for ages Jias Ix'on reef)gnisi;d as tlie 
most valuable of them all - a substanoo which 
has no rival in relieving pain, and Avhieh, unfortu- 
nately, by a ])erV(‘rsion of the power of seumcc 
has lately beeonu' aeeessibli' to all and has added 
anotlu'r ami a most terrible vice to our civilisa- 
tion. 'rii<‘ juie<‘ wljieh e.xudes from tlio ripe 
eapsuleft of th(‘ po]>py is known when dried as 
npinm. 1du‘eomf)lexity of the eomposition of tliis 
})roduet is ama/.ing. Besides niorpliim*. it aetually 
contains at least seventeen other alkaloids, 
togetlier witli some fKvnliar acids, and a whoki 
Ijost of dilh'nait salts as well as some neutral 
j.rim'iples, albunen, glucose, fats, a volatile 
oil. (dc. 

We insist upon tliis eoni])l<‘.\ity of o|>iuni he- 
eaus(* it is obviously a veay s(‘rious objection 
to the use of this suhstaiiee in iiiedieiiie No 
wondiT it upsets many jx'ople. Of all these 
<'onstituent.s, however, there are only two that. 
ar(‘ of tli(‘ slightest value. Both are capable of 
ready isolation. Hence, except on the ground 
of expense -which in such connection is not. 
w'ort h eonsidfM’iiig — there is i'(‘ally no ad.<*c|uat.e 
reason wliy •;pinm or its preparations dioukl 
ever he used as drugs. Opium should be used 
iTK'rely as a sourc(? of the alkaloid ■morphine^ 
whiih it contains to the extemt of about 10 per 
e(‘nt., and of the alkaloid codHtiff wdiieh is a 
methyl-morphine. 'Dm* alkaloid tJuhnine, wJiieh 
has aln'ady been mentioned, is yearly responsible 
for a very largt* inimbta' of infant deatlis since, 
in the ease of infants, it is the most dangerous 
ingredient of the various patent inedieincs con- 
taining epiiim, with which the wicked and 
ignorant statt* of tlu' law still permits many 
mothers uneoiiseiously, or half eoiiseiouslv or 
('ven deliberately, to kill rheir babies. 

The Preparation of Morphine. The 

jireparation of morphine may bo briefly de- 
scribed, since it is fairly weir indicative of the 
gtaici al protjcss by wliicli alkaloids are isolated 
A cold, concentrated, aqueous solution of opium 
is treated with the eiiloride of calcium or barium, 
rhis precipitates various ingredients of the opium 
and (xm verts the morphine into a hydrochloride, 
which IS procipitntixl in turn by the addition of 
ammonia. The moiqihine tluis obtained is w' ashed, 
dissolved in hydrochloric a.cid. and crystallised 
out in the form of the puiv hydrochloride, which 
js the most commonly (unploycd salt. This is 
mirly soluble like tlie salts of alkaloids in 
pmu-al. Moi plnne it.sdf is not fiolublo in less than 
1,000 parts of i^old and 300 part,s of boiling water. 
The m».» . important fact of the pure chemistrv 
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of morphine is that its decomposition, as might 
be expected, yields pyridin and ohinolin. 

iWortiinately, the liigher chemistry has not 
y(‘t reached a ])oint which permits us to say 
anything what(‘ver about the chemical actions 
involved in the ofTcad of morphine upon the 
brain and other parts of tlu^ body. 

Opium Poisoning. Wc can here brhifly 
di.senss. however, tlie chemistry of the very 
interesting sulqect of of)ium poisoning. The 
first fact worthy of notice is that the most 
cflh icnt means of persuading the stornacli to rid 
itself of the morphine it eimtains is to be found 
in the ])rompt use of the sub.>tance called 
a )H) morphine, w'hieh, as we have soon, is morphine 
minus oiH' molecule water. This little differemu^ 
is sufrieieni. to deprive ajioinorphine of all the 
actions upon the nervous system wliieh are so 
characteristic of morphine itself; but, on the 
otluw hand, the loss of this molecule of water 
endows it with the property of being by far the 
mo-^t powerful of all known emetics. 


J lie second point about the treatment of opium 
poisoning is tlu^ very great valium that, attaclies 
to the administration of the permanganate of 
potassium, KMnO,. About ten grains of this 
should he dissolved in one ounce of waiter. Tf 
f'ondy’s Fluid is at hand it may be diliiti'd and 
adminiiiterid, this being a solution of the salt. 
Similarly, if the stomach pump is employed, 
eignt or ten grains of the permanganate of pot- 
assium should be dissolved in every ounce of 
W'atcr to be used, or the stomach may bo washed 
out with diluted ToikIv’s Fluid, The value of 
the permanganate lies in tlie faof. that it im- 
mediately oxidises any nior])hine with which it 
comes into contact, i)rodiieing substances w’^hich 
are entirely harmless. Jn short, juorphine is a 
reducing agent, and om* of the tests for it con- 
sists m t h(^ decolorisation of solutions of pota.ssium 
pormanganate-dhis being due to the Bimul- 
taneous destruction both of the morphine and 
ot (he salt m consequence of the transference' 
ot oxygen. 

Obviounly, tho ohomioal aHiK-nt, of tho troat- 
fi .1 PO'wning is conpomed merely 

iVn iW.'n"'"''’ **''^*, remains in the stomach, 

n. I acid, which can be 

ierl'"'"", ’’y ‘Chemical anti- 

tinn int . Tf T™' •“<>nAine, after absorp- 
tion into Ou- blood, can uufortimatoly not ho 
attacked liy cliemical means. 


1 .^ A^vrpnia. imomistrv 

however, has been of the greatest vahm 
m elucidating the buds, long familiar to 

SmuT..’"”*' poisoning or tho 

h miUi poisoning due to the habit of ufing sub- 
i iitam Old injections of morphia. The chLioal 
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elucidation of this subject is of ilio greater 
interest because parallel facts are more than 
likely to be demonstrated in the case of other 
chronic poisonings, such as that by alcohol, which 
is, of course, vastly more important than even 
this. 

Let us keep in our minds what wc have already 
noted regarding tho remarkable fashion in which 
the simplest and most easily elTected change in 
the constitution of the molecule of an alkaloid 
may cause it, so to speak, to turn upon itself, 
and thus to possess pharmacological properties 
directly antagonistic to those which were 
formerly characteristic of it. Further, let us note 
that in many plants w^e find pairs of antagc3nistic 
alkaloids of which, in all probability, one is 
derived from the other by some such simple 
change as wo have already illustrated. Remem- 
bering these facts, let us consider the case of 
chronic opium poisoning, or what, to give it its 
technical term, wc may <*all 7 m))’ phi no man in. 

The Victim of the Morphia Habit. Wo 
find that the patient becomes depressed, irritable, 
weak, nervous, sleepless, and ill in many other 
ways at a certain definite point after taking a 
dose of this drug. But a new dose taken at this 
point will relievo all his symptoms, thouj^h 
this reli(‘f will inevitably be followed by a 
recurrence of them, to bo similarly relieved. 
Now, this cycle of symptoms is much more ex- 
treme than one could reasonably explain on the 
more theory of reaction in thci nervous Hystem. 
Tf a victim of tho mortdiia habit bo suddenly 
deprived of J)is drug entirely, ho wdll not only 
be miserable, but will exhibit all the well-marked 
physical signs of very grave and dangerous 
prostration. In short, th<3 patient looks as if ho 
wx'ro poisoned— poisoned, not mcrc*ly 
suffering from the loss of an a<*custome<l stimu- 
lant. Furthermore, as time goes on, a whole 
series of changes occur in his body, and these 
arc not ehangc's wliicli tally with the known 
properties of morphine. Now, in all probability 
these results are due to an oxidation product of 
morphine wbich is known as oxy-di- 7 norphine. 
This is formed in the body itself by a very simple 
change in the inoleeulc of morphine, and it 
illustrates once again t-lu^ remarkable fashion in 
which a slight change in the molecule of an 
alkaloid may reverse its chemical properties in 
contact with living matter. 

A Problem for Chemistry. Frt>m 
this discovery it follows that the larger the 
amount of morphine taken the greater is the 
amount of oxy-di-morphine which is produced 
and causes the subsequent symptoms ; hence, 
suddenly to cut off the supply of morphia is 
suddenly to leave tho patient under the iin- 
antagonised influenco of its derivative, which 
may be so powerful as to threaten death. Al- 
ready the recognition of these facts has led to 
great improvement in the treatment of these 
oases, which are daily becoming more common. 
It probably remains for organic oliemisiry to 
provide us with some substance which will pre- 
cisely destroy or neutralise the oxy-di-morphine. 
To ao so would be to cure the habit. These 
wretched patients must not be conceived of as 


deliberately doing what will hurt them. On the 
contrary, the craving must be regarded as tho 
demand of the body for some substanoo which 
will neutralise th(^ appallingly distressing action 
of the poison which is circulating in the paf-iont’s 
blood. The w^holo existeneo of the evil is duo to 
the fac^t that the substance which is doinanded 
and taken in order to neutralise the elfocts of 
this poison is itself the source of a fresh supply. 
Obviously, hen; is a praoiieal probUuu which 
awaits its solution by the higher chemistry, and 
which that ehcinistry will certainly solve one 
day. 

Tho Essential Ingredient of Tea 
and Coffee. After morphine, caffeine may, 
perhaps, be regardrd as the most interesting of 
the alkaloids. It is of very great intca’est, in 
the first f)la( e be.(?a.use of its chemical relations, 
secondly, because of its remarkable properties, 
and thirdly, because of its extremely extensive 
use by mankind -a use more extensive even than 
that of opium or possibly alcohol. Tliis alkaloid 
is the essential ingredient of tea and coffee. 
The name theine used to be aj^plied to it w^hen it 
w'as derived from tea, but it is one and the same 
.substance in both cases. In this countiy wo 
actually drink about four millitm gallons of tea 
every day, and the one and only ingredient 
w'hich d(*termiiies this enormous u.so of the 
plant is its caffeine. The percentage of the 
alkaloid in a typical leaf may be from nearly 
three to just over four per cent. The pro- 
portion of it in Indian and Ceylon teas is slightly 
higher than in China teas. WhethcT tho tea 
be properly or impiopcrly made [st^e pag(^ 
.3822], proc^tically all the caffeine in the leaf 
enters the infusion. An ordinary cup of tea 
contains about a grain of caffeine. 

Caffeine is also the substance on account 
of which men drink coffee. The proportion 
of caffeine in coffee, after roasting, is about 
1 per cent. 'Fhc. roasting involves the loss of 
about ont'-ilfth of the calh'ine originally con- 
tained in the leaf. If thc5 leaf be over-roasted 
mu(‘!i moi’e eaff(“ino i.s lo.st. Neitlier the tfisie nor 
the llavonr of coffee or tea depends upon the es.scn- 
tial ingreditrnt. An ordinary cup of coff(;e does 
not contain appreciably more caffcMne than an 
ordinary cup of tea, (h'spiUj the common notion 
that it is imieh les.s harmful to drink tea than 
coffee. People -who are upset by coffee and 
not by tea are usually affected not by the 
alkaloid, but by the vt^latile oil known as 
caffeol, which is formc<l in the bean during the 
process of roasting, and to which the aroma ot 
coffee is due. 

Now', cocoa c(3ntains no caffeine, but, in place 
of it, an alkaloid which is very closely allied to 
caffeine, as we shall shortly set*, and is known 
as theohromine — from (Ireek theobrmna, food of 
the gods, the botanical name for cocoa. The 
proportion of theobromine in cocoa is about the 
same as that of caffeine in tea and coffee. 

What Caffeine is. Tlie empirical formula 
of caffeine — which w^e may note is the essential 
ingredient not only of coffee and tea but 
also of Paraguay tea, or mate, and of the 
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hevoragcs made from kola nut and of the sub- 
Htancc called guaraiujL — is C^H,o N 4 0^, but this 
empirical formula, like most of its kind, is ex- 
tremely uniiistr active. Cliemically, however, 
catfcine is a product of a very well known and 
important body known as xanthin. This has the 
formula CrIl,N,0„. Now, if the reader will 
recall the formula of uric acid, the simplest 
statement of which is he will 

vee that uric acid may be regarded as an oxi- 
dation product of xanthin. Tn point of fact, 
xanthin represents a very important stoge in 
the scries (jf chemical changes by which the 
body-substances known as nacleo’ pruteids hvmk 
down into uric acid. 

Now, theobromine is none other than di- 
methyl-xanthin, while calTeinc may lx? called 
citlu'r mcthgl-ihcnhrftminp or tri-wfthyl-xanthhi^ 

Effect of Caffeine in the System. These 
fa(!ts give ns some key to the manner in whicli 
we may com-eivc cath‘ine and theobromine be 
produced by the numerous ))lants in which lht;v 
arc to be found. Plainly, they must be derived 
in the course of the breaking down of the nuel(‘ 0 - 
proteids which arc found in those plants, as in 
all otluT living things. But the relations of these 
alkaloids are of oven greater practi(!al importance, 
hecauso it is generally supposed that when they 
are taken into the body they Ix'come sources <)f 
uric acid like xanthin its(*lf. Now, sin<*e the 
excessive presence of uiio aeid in the body is 
characteristic; of gout and various other dis(‘ases, 
many people have joined in a crusade upon 
all artiele.s of di«;t tliat yield uric acid. This 
(Tusad<* furnishes a very good instance of had 
reasoning in maitiTs of science. It is argued that 
heeause uric acid is found to bo produced in 
excess in gout, any article of diet wdiich produces 
uric acid in the body will itself tend to favour 
the production of gout. When wc? consider tho 
matter w’o see that tin’s doe.s not follow in the 
least. 'J’he es.sen(;e of gout is not- the produc- 
tion of uric acid but a disordered cell chemistry 
which, as it hapjx'ns, leads to the production 
of uric mud ns one of its sym.ptoms or indications. 
Unless it can bo shown that tea, colTec and 
cocoa, for inslanot*, lead to the production of tliis 
morbid cell cljeniistry, nothing can bo alleged 
as to their supposed malign action. It is 
ludicrous logic to argue that because? eaffeino 
or tri-m^thyl-xanthin is a source of uric aeid, 
it is therefore capable of disordering the cell 
life of the body in such a fashion as to make 
the contents of the c(?lls themsc'lves yield uric 
acid. Thus, the logic of tlie argument is worth- 
less. vStill more amusing is the quite recent 
research (communicated to the Paris Academy 
of Sciences on June 18th, lOOt)), which shows 
that catfeino and th(X)bromine do not yield 
uric acid at all in the body, but leave the body 
in the form of more <*omplex substances, against 
whiv ]i no evil action has been alleged. 

Chemistry of Consciousness. 
Both tho facts and the logic of this doctrine having 
refu^, let us summarise, as briefly as 
possible, the main facts of this compound tri- 
fiiethyl-xanthin, of which mankind daily con- 
sumes such gigantic quantities. The ftrst note- 
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worthy fact is that, unlike alcoliol and opium, 
caHeino is a true stimulant. An increased 
rapidity of the vital functions is not merely, 
as in these other cases, a preliminary to 
retanlation of them, but constitutes the 
essential action of tho drug. It is not 
then, a pseudo-stimulant Vnit a true stimulant. 
Furthermore, its stimulation extends from 
the low^est to the highest tissues. So far as is 
known the drug is unique in that it stimu- 
lates the highest functions of the brain. In 
c(*rtain persons morphine? stimulat/es the imagin- 
ation ; everyone know^s that Coleridge wrote 
a wonderful poem under the influence of mor- 
})hine. But morphine does not stimulate the 
nvisoning powers ; caffeine, on the other hand, 
tiefinitely docs. There is no other drug w^hich, 
like caffeine, has the remarkabU? property of pre- 
venting sleep, purely by its immediate action 
upoa the brain. What exactly is the part that 
this alkaloid plays in (he chemistry of conscious- 
n(*ss, preventing those changes which result in 
sleep, no one y(;t knows. But the chemistry of 
consciousness is in(;oinparably the most interest- 
ing and important problem of all chemistry; 
and it is an extremely interesting fact in this 
connection that tri-mcthyl-xanlhin, itself so 
ctos(‘ly allied to a dc^gradation product of the 
substances wliieh are characteristic of the 
nuclei of living cells, should have this remarkable 
effect upon the functions of the most wonderful 
living cells whi(;h wo know or which w^o can 
eoneeive. 

^ The Great Value of Tea and Coffee. 

Uaffeine not only keeps one awake, and is not 
only vastly superior to any other known sub- 
stance as a stimulant for any special intellectual 
exertion, but its stimulation oil the brain is even 
and balanced, and has no subsequent reaction. 
The caffeine yields no product that antagonises it s 
own actions as morphine yields oxy-di-inorphinc. 

We submit these very brief statements to 
the reader, and will ask him to observe the note- 
worthy fact that- tliis alkaloid, beverages con- 
taining which ha ve become practically a necessity 
of human life wherever and w-diencver they 
have been introdiic(?d to a ])eople, stands the 
test of critical scientitic investigation in a 
manner which explains its well-earned popu- 
larity. We are far from saying that tea and 
coffee are not capable of abuse, like most other 
or all other good things. But W'c will insist 
that chemistry lias done a great service in 
enabling us to analyse these beverages and to 
distinguish betwa^en the actions of their various 
ingredients. The result of the inquiry is to 
show' that of the injury which these beverages 
do -an injury which is quite trivial when com- 
pared with the sum of their value to men — 
at the very least nine-tenths must be attri- 
buted either to the tannic acid which tea and 
coffee both contain, or to the pow’crful caffeol 
contained in coffee, and not to the alkaloid, 
unique in its combination of Jioteney and all 
but innocence, to w'hicli these beverages owe 
their popularity. 

Caffeine erystallises out from aqueous 
Bolutions in light, silky, colourless crystals 



having ono molecule of water of crystallisation. 
It is soluble only to the extent of 1 part in 
80 in cold water. At the temperature of boiling 
water it melts, and then volatilis<»R. It can be 
obtained quite readily from a cup of tea by 
treatment with an alkali and chloroform, in 
which it is highly soluble. Like oilier alkaloids, 
it forms salts, but these are very unstable. The 
most convenient of them, and ono which is 
more largely employed every day, is the citrate, 
prepared by adding caffeine to a hot solution of 
citric acid and evaporating. 'J'his is very much 
more soluble than the nlkaloid itself, and has 
the same properties. 

True and “False” Stimulants. No 

better proof of the stupid way in which tho 
word stimulatd is us(‘d, (wen in scientilic writing, 
can bo furnished than the contrast between 
alcohol and caffeine. Aleohol is a sedative whieh 
has a period of pri'liminary stimulaf ion. The 
ultimate explanation of its sedafive action 
doubtless depends upon it.s interference with 
oxidati(^n, whieh is the source of all the (morgy 
of the body. As w(^ have already seen, aleohol 
retards tlic vital processes by increasing the 
stability of oxy-ha*moglobin. In none but a 
superficial sense, then, is it a stimulant. A drug 
which interferes with oxidation and lowers tho 
temperature is essentially the reverse of a 
stimulant. On the other hand, catfeine, which 
is a jire-eminent example of a true stimulant, 
has been proved to increases the oxidation of tho 
body, as is evidenced by the increase in tho 
amount/ of urea which is produced under its 
influence ; and, furthermore, in eonsiderablo 
doses, caffeine raises the temperature of the 
body — this rise having been shown to be due not 
to any interference with tho loss of heat by the 
surface of the body, hut to the increased produc- 
tion of heat consequent upon the more rapid 
oxidation whieh is caused by the drug. 

If the w’oi'd stimulant is to be retained, either 
in scientific or jiopular language, it is liighly 
desirable that, it sliould be used so as to mean 
j'/omefl-hing, and not so as to darken counsel by 
w^ords without know'ledge. Tlie present writer 
has already, in the sekmtific journals, insisted 
up(m the m'cd for an infelligent use of the word 
stimulant., and lie here submits to the reader the 
proposition that any substance which, like 
caffeine, increases th(^ amount of oxidation in 
the body is fundamentally a stimulant, while 
any drug that does the reverse is fundamentally 
a .sedaf/ivo, oxidation being the very source and 
eMsenoe and i:;ondition of vital activity. Some 
such opinions as these are now steadily gaining 
ground. They furnish a good illustration of 
the general proposition that in all matters of 
the living . body tho analysis of phenomena is 
imperfect, ami will only too probably be 
misleading, until it has rmrhed the chemical stage, 

‘Atropine. 'Phe next importcant alka- 
loid that we muni conriider is called atropine, 
being the charai^toristic alkaloid of the natural 
order of plants knowm as the Atropacete^ or some- 
iimefi as the Solanacea\ Its chief source is tho 
” deadly nightshade,” the botanical name of 
which is Atropa belladonna. 
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AtrojJOfci, the reader may rememlW*r, w^as tho 
eldest <3f the Three Fates. She held the ” abhor- 
red shears,” and it was her function to cut tho 
thread of lihj. Keeping tliis in mind, the reader 
will he able to co ordinate his knowledge, as 
kn(3wledge should bo co-ordinated in every w^ell- 
mad(j mind, so that Greek myfhology, botany, 
an immortal English poem, chemistry, and 
toxicology — the science of poisons — may eacli 
suggest the otlu^r. 

Th(‘ first point worthy of ncjfe is that there 
is a w'holt^ series of plants, belonging to the same 
natural order, whicli yield atropine. Not so 
long ago dilterent names were applied fo tho 
alkaloid according as if. was dcuivad from, for 
instance, the deadly nightshade or tho thorn- 
apple ; but the alkaloid is one and the same in 
each case, and it is infinitely better to us(^ tho 
same name for it. Tho read(M- w'ill not fail to 
observe the significanee of the fact that a scries 
of })la.ntH w^hieh resemble one another in their 
exft^rnal charaeti^s suflfi(‘iently to bo classed in 
one order by botanists, also n'scmibh* one another 
so closely in their internal vital chemistry that 
they each yield tho same substance. 

The Standardisation of Drugs. Atro* 
pine occurf} both in the roots and Ihc leaves of tho 
deadly nightsliade, tho p(?rcentagc in the latter 
— about ()’4 — being the more constant. Tho 
time has finally passed, however, wlien we can 
permit ourselves to make tinctures, extracts, and 
so on, of leaves and roots, and trust te chance 
for tho proportion of the alkaloid that these 
preparations may contain. Either the alkaloid 
itself must bo employed for medical purposes, 
or elr.o those preparations must bo standardised. 
This is now the nde ; at any rate, to thc^ extent 
that the tin(;ture of belladonna, for instance, 
in this country, is standardised so that it must 
contain 0’5 p(‘r cent, of tho total alkaloids of tho 
root. Othor alkaloids occur in belladonna. 

These are very closisly allied in molecular 
sirueture to atropine, and are also found in otlier 
plants belonging to the same natural ord(T. Tho 
empirical formula of atropine is C|-Hj;jNO.., 
and it occurs in tlu^ belladonna plant in tho 
form of a raalate or salt of malic acid. It is 
dissolved out. from tho heaves or root by means 
of chloroform, and can be obtained in colourhjss 
crystalline needles. It can he decomposed into 
a somewhat simpler body called tropine, and an 
acid called tropic acid. This is irnj^ortant, bo- 
eauso Iropinij can bo used as a source of other 
artificial alkaloids, one at least of which, called 
homatrapine, is very usc^ful. It has also to be 
remembered that if drugs containing atr(q)ine bo 
mixed with alkalies, the alkaloid is decomposed 
into tropine and tropic acid, which are of no 
valuer. The belladonna ])lant also yields another 
alkaloid, which is knowm as h pose gamine, since it 
is more especially charaeteris.tie of the henbane 
plant or Ilgoscpamus niger. Tho two alkaloids 
liavo the same empirical formula, but differ in the 
structure of tho moh^cule, the difference being 
indicated by the melting point, the optical pro- 
perties, and the action upon the body. They 
seem capable of ready conversion one into 
the other. 
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A Remarkable Influence upon 
Nerves. Wo must not here discuss at 
length the phyf'iological properties of this 
extraordinary alkaloid, which has the most 
marked action upon nearly all the functions 
of the body, even when it is administered in 
doHOH of one-hundredth of a grain, and one tive- 
thousandth part of a grain of which is quite suffi- 
cient, when used by the oculist, to dilate the 
pupil of the eye for many hours. In gimeral, it 
may ho said that atropine paralyses the txuminal 
part-— not the trunk— of all those nerves of the 
body th(» business of which is to stimulate 
involuntary rnnsculfir tissue, and also the ter- 
minals of all the nerves that stimulate glands 
to pour forth th('ir Kc^cretions ; hence the dryness 
of the mouth in cases of hclladonna poisoning. 
We need scarcely c.omment u})on the extraordi- 
nary signifieanee of this selective action of the 
drug, which proves that the chemistry, or the 
physical chemistry, of the extreme tij)s of these 
peculiar kinds of nerves is utterly distinct from 
that of the ordinary motor nerves that supply 
voluntary muFcular tissue, such as the muscles of 
the limbs. Atropiru^ is an extremely valuable 
drug in medieliUN and is the essential ingredient 
of nearly all the drugs that, are given in asthma, 
whether these are paUuited or unpaten t.cd. 

The Mysterious Power of Hyoscine. 
We can say no more here about hyosc^yamine, 
but henbane also contains a remarkable 
alkaloid known as hynsdne, whiith is veiy 
closely allied to atropine and hyoseyamine, 
and has the formula C, 7 noiN 04 . This 
drug is of unicpie interest in relation to the 
chemistry of consciousness. The comparatively 
trivial difTerenco in its molecular constitution 
stifliccs to endow it with prop(‘rti<‘H not only 
totally distinct from those of its allies, but also 
unique in character and potency. It may l)e 
said that oven in cases of the most ^ iolemt 
maniacal excitement of the brain, one-hundredth 
part of a grain of this alkaloid injected under 
the skin, anywhere, will can cst consciousness and 
cause sleep within sixty seconds. Neither mor- 
phine nor hydrocyanic acid, nor any other known 
body, can reniott»ly approach hyoscine in its 
power of , arresting what are, of course, incom- 
parably the most marvellous and incompre- 
hensible of all chemical processes — those with 
which consciousness is associated. Hero wo 
simply state the facts ; no explanation of them 
can ho suggested, but the significant thing for 
those who look ahead is that it is from such 
indisputable facts as these that the science of 
the future will bo enabled to elucidate the 
greatest problems of chcuuistry — those associated 
with life and consciousness. 

Tobacco. Tlie tobacco plant belongs to 
the same natural order — the Solanaceac or 
Atropnoi^ai — as tho deadly nightshade and the 
henbane, and it also jnelds an extremely potent 
alkaloid, ntco/me. Nicotine, liowevcr, differs 
yeiy markedly from atropine, for instance, 
in its relations to the chemi^ry of life, and this 
w© may associate with tho fact that nicotine 
differs notably from tho gi-eat majority of the 
alkaloids m tliat it contains no oxygen. Its 
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empirical formula is CioHi 4 N 2 > and it is also 
noteworthy as being a liquid alkaloid. It occurs 
in the tobacco leaf in proportions yawing 
between 2 and 8 per cent. The alkaloid is an 
oily, volatile, colourless liquid. Unlike most 
alkaloids, it is readily soluble .in water. It 
resembles other alkaloids in being extremely 
soluble in alcohol and ether. It is a ^ very 
powerful antiseptic. The alkaloid itself is one 
of the most horrible and potent of j)oisons. 

Nicotine a Deadly Poison. A dose of 
nicotine will kill in a few minutes, oven when taken 
by the mouth. The extreme rapidity of its action 
doubtless depends upon its volatility. It is 
probably poisonous to every kind of tissue, and it 
alters the hflcmoglobin of the red blood corpuscles, 
as is i)rove(l by the modification which it causes 
in the spectrum of blood on which it has acted. 
In many respects nicotine contrasts very 
markedly with tlie tyj>ical action of the alka- 
loids of the natural order to Avhich it belongs. 
It has extremely slight effects, if any, upon th(i 
chemistry of consciousness. This fact is of 
considerable interest in relation to the practice 
of smoking. Nicotine is never used in medicine, 
though before tlie discovery of the amesthetic 
properties of etluT, chloroform, and nitrou.s 
oxide, tobacco was occasionally used, so that, by 
poisoning liie motor nerves, and relaxing the 
muscles, it would permit the surgeon to reduce 
a dislocation. Any smoker who remembers tho 
early effects of tobacco poisoning will appre- 
ciate. the su|H^riority of modiTn anapstlietics 
over this alkaloid, which was of value simply 
because it made the patient miserably weak. 

The Chemistry of Tobacco SmoKing. 
Smokers often descrilx) as nicotine the oily 
mess which is apt to accumulate in a pipe, and 
of which they sometimes get a moutlifuJ. If 
this, or I per cent of it, consisted of nicotine, one 
such raoutliful would end tho smoker’s career. 
As a matter of fact, nicotine is not merely oxi- 
disable, as its physical characters and its formula 
would suggest, but is so at relatively low tern - 
Ijcratures. The whole of the nicotine in the 
portion of tobacco that is undergoing combustion 
at any given moment is oxidised away. Pro- 
bably, .also, nearly the whole of the nicotine in 
the x)ortion of tobacco that is immediately about 
to undergo combustion undergoes decomposi- 
tion. It has therefore been asserted, in all pro- 
bability mucli too hastily, that tobacco smoke 
contains no nicotine. If this were so, it would 
certainly bo remarkable that the symptoms of 
ixiisoning by it so strikingly resemble those of 
poisoning by nicotine. 

How Nicotine Enters the System. 
As a matter of fact, tobacco (smoko) does 
contain nicotine, which is volatilised from tho 
tobacco that is so remote from the part under- 
gomg combustion as not to undergo decompo- 
sition but is yet near enough to acquire an 
amount of heat that suffices to volatilise it. 
In this gaseous form, then, the alkaloid is taliren 

bv the smoker. The portion of it in tobacco 
smoko is, of course, excoec&Dgly small, as the possi- 
bility of smoking without fatal results proves, 
but it is nevertheless sufficient, the alkaloid 



OHKMISTRV 


being extremely potent, to cause very definite 
physiological effecits. These vary considerably 
with varying conditions. As in the case of most 
otlier poisons, the body can acquire a relative 
immunity from its effects. Again, different 
individuals vary in their susceptibility to it, so 
that some can never smoko, while others cannot 
smoke a pipe, or can only smoke very mild 
tobacco in a pipe. 

Inhaling Tobacco SmoKe. Further- 
more, the effects of the poison must obviously 
depend, other things being equal, on the ac'tual 
quantity of it that enters the blood, and this 
depends upon the amount of absorbing surface 
which is exposed to the smoke. There is a very 
marked difference indeed between the amount 
of nicotine absorl^ed from the mouth and that 
absorbed by the lungs. This is the reason why 
the practice of inhaling the smoke of cigarettes 
is so extremely undesirable. Different tobaccos 
vaiy very widely indeed in the proportion of 
nicotine wliich they contain. There is exceedingly 
little in Turkish tcibacco. 

This fact alone shows how oompkdely smokers 
— who really ought to have some acquaintance^ 
with the chemistry of the subject — ar<3 misled. 
The nicotine in tobacco smoke dcU^rmines its 
strength alone. It has no influence upon its 
flavour or aroma. TTiese are mainly due to an 
essential oil. Any smoker will say that a Turkish 
or Egyptian cigarette is “ stronger ” than a 
Virginian cigarette, but, as a matU'.r of fact, 
the former isontains very much h^ss nicrotine — 
though it doubtless contains more of the essential 
oil, and of various other im))ei’fectly investigated 
— not to say artificially added — compounds 
which may themselves have very marked pro- 
perties. 

We can merely note a few of the substances 
w'hich are usually found in tobacco smoke ; nearly 
all an? constantly present. 'JTiey arc nicotine, 
hydrocyanic or prussic ficid, sulphuretted hy- 
drogen, nitrates, nitrites, carbolic acid, various 
compounds of ammonia, of stxlium and of potas- 
sium, salts of acetic and other acids, creosote, 
sulphur, a volatile fatty acid, together with a con- 
siderable percentage of pyridin and s(?veral 
of its allies. 

Smoking Should not Begin till 21. 

We desire to empha.sisc the definite fact that 
nicotine, not to mention various other subsbinces 
found in tobaoeo smoke, is essentially, funda- 
mentally, characteristically a poison. 'JTiis state- 
ment holds good, and is not affected by the fact 
that, as in the case of arsenic and a hundred 
others, the adult organism is capable of acquir- 
ing an immunity from its action, and thereafter 
may obtain fiom it advantages of one kind 
and another. But if the reader will coiifrider 
the question of gi’owth in living things from the 
standpoint of, chemistry, and will try to realise 
the exceptional and peculiar complexity and 
delicacy of the cliemical processes which are in- 
volved in growth, and incomparably more so in 
development — which is an infinitely more subtle 
thing than increase in bulk — he will be prepared 
to accept the general proposition that, in tlic 
first place, the adjustment to the (constant in- 


troduction of a poison, which is possible at a very 
small cost, for the relatively stable adult or- 
ganism must involve far more serious modifi- 
cations in tlie vital chemistry of tlie developing 
organism ; in short, that a poison which may be 
tolerable for the man will lx? intolerable for tlie 
child, even if the dose be diminished in proportion 
to the ratio betwe<?n tJicir body weigJits. In 
naming tin? age at which the use of tobacco 
may be excused, most authorities are more or 
less influenced by the actual facts as to the age 
at which boys begin to smoke. Tin? general 
proposition is tliat the use of such a sulDstance 
should bo begun, if at all, only after the develop- 
mental pt'riod has passed; and when Sir William 
Broadbent named the age? of 21 as the minimum 
he was undoubtedly nearer the truth than those 
who — l(.)oking more upon the mere expi’diency 
of the matter — name such an age as sixteen. At 
any rate, it is a ]x?rfectly outrageous thing that 
irresponsible urchins of a dozen years should 
ever be permitted to injure themselves by the 
ahsorj)tion of this poisonous alkaloid. 

The Alkaloid of Hemlock. From 
the spotted hemlock, or Coninm maculatiim (Nat. 
Ord. U mbellilene), there is obtained an alkaloid 
kno^vn as canine, which may bo oonsidorod 
here, since, like nicotim?, it is liquid, oily and 
volatile, and also since many of its physiological 
pro]X‘i‘ties are similar to those of nicotine. Its 
em})irical formula is CVH \ rJfN. This body 
is of a yellow^isli colour, has an odour which is 
usually descrilxHl as “ mouse-like,” and its 
taste? suggests tobacco. It can be obtained 
readily from the fruit/ or the leavea of the hemlock 
by distillat ion with alkalies. Conine is extremely 
unstable, being reiulily decomposed, both by 
light and heat. Furthermore, the proportion 
of it present in the plant varies widely. Its 
methyl derivative, known as mHhyhconine, also 
liquid, is found associated with it in the hemlock 
}>lant. All the preparations of liemlook pre- 
pared for medical purposes are. to lx? condemned 
by a more advanced chemistry, since they are 
not standardised, and since the proportion of 
conine in them is quite inconstant. A classic; 
and tragic interest attaches to the sym])tom8 
of poisoning by conine. An account of them, 
searc!<‘ly h?ss precise and accurate than any that 
could 1x3 written to-day, when c?onino has been 
isolated from tlie plant and studied in dv?tail, 
is to lx‘ found in the? greatest of tlu? dialogues 
of Plato, known as the Phaedo. At the end of 
this givat dialogue there is described the dc'ath 
of Socrates, one of the suprcunc*! immortals of all 
ages, w'liom his Atlienian fc‘llow-citizens con- 
demned to death by hemlock. 

Strychnine. The plant known as the 
Strychnos nux vomica c'ontains a remarkable 
alkaloid known as strychnine, wliich occurs in 
the nut to the exlcuit of 0*2 to 0*6 per cent. 
In this country preparations of nux vomica 
are now standardised so as to ccuitain jirecisc? 
quantities of strychnine. The alkaloid has 
the formula (/._,, and can be obtained 
in the form of small colourless crystals. It is 
remarkable as the bitterest of all know'n 
substances, being able to cause in tlie nerves of 
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taste those chemical changes which lead to their 
stimulation, even in the dilution of one part 
in thirty thousand. It is extremely insoluble 
even in hot water, but is soluble to the extent 
of one part in six of chloroform, l^is dangerous 
alkaloid must never be prescribed with alkali^, 
iodides or bromides, for the.so precipitate it, 
so that, while tlie early doses taktm from the 
bottle are of no value at all, the last may 
fatal. Strychnine unites with hydroclilorie 
acid in similar fashion to that of ammonia, 
yielding a fairly soluble salt, of which as much 
as ono-iiftcenth of a grain may be taken by 
an adult with safety. Allusion Inrs already 
been mjide to the most important of the 
remarkable prop(‘rtii*s of this alkaloid. It con- 
stitutes, fK'i’liaps, the mo.st a})j)alling of poisons, 
since it has no action on consciousness what- 
ever. Tlie treatment of stiyclinine or nux 
vomica ))oisoning is an urgent matter. Any 
alkaloid that remain.s in the stomach may be 
precipitated by tannin or charcoal, or oxidised 
by permanganate of potassium. A large number 
of other antidotes have been tried, l)ut there 
seems to be no doubt that the best hope for the 
patient lies in the administration of chloroform, 
which arrests the convulsions that would 
otluu’wise lead to tlu5 patient’s agonised death 
from exhaustion. 

Alkaloids of Aconite. We may briefly 
allude to the alkaloids contained in various kinds 
of a<;onite plant, since, though tliis drug has 
fallen into deserved disrepute} in these days, its 
principal alkaloid, aetmitinp, is of interest as 
one of the most })owcrful of all poisons. Jt has 
the formula .2, and is accompanied 

in the ])lant by several other alkaloids which 
are clos(‘ly allied to it. One of these; is called 
acoiiine, and ean be prepared artitieially by 
hwting aconitine in the presence of water, of 
which it takes up one molecule, th' n yielding 
aconine and benzoic acid. A plant belonging to 
this genus and kno\\'n as the camitum jerox 
eonbiins an alkaloid, fkicvdo-acnvitme^ which is the 
most poisonous of all known substanec.s. About 
one-threo-hundredth part of a grain would prob- 
ably kill a man. A})art from such euriositiea the 
root of the aconite plant may be regarded as the 
most powerful of all non-volatile poisons. 

Quinine. The last alkaloid wliieh we need 
consider is the most valuabh; of all with the 
exception of morpliine. It is contained, together 
with four oth(*r closely allic'd alkaloids, fn the 
bark of the red cinchona— suevirubra. 
This beneficent plant grows in South America, 
and was wisely introduced into India many 
years ago by Sir Clements Markham. 

The empirical formula of quinine is O.2QH.24 
N.jO.j. It is found in the bark in the form of 
its hydrate. It can lie obtained in tlio form 
of bitter, colourless, needle-shaped crystals, 
which rotate tlie plane of a ray of polarised 
light to the left. Solutions of the oxy-salts — 
not of Uie chloride, for instance — of quinine 
are fluorescent. (Tlie meaning of both of tJiese 
statements will he intelligible to the student of 
the course on Physics.) Quinidine^ an isomer 
of quinine, also occurs in the cinchona. Its 
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most important distinction from quinine is that 
it is dextro-rotatory. Two other alka1oi(U, 
differing only from these in containing one atom 
of oxygen instead of two in the molecule, are 
also found in the plant. Of this second pair of 
isomers one is dextro- and the other leevo- 
rotatory. Preparations of (jinehona bark, now 
very rarely used, are standardised in this country 
as to their percentage of total alkaloids. 

Quinine is used in the form of one or other 
of its salts. The salt chosen is almost invariably 
the sulphate, which, however, is soluble only to 
the extent of one part in eight hundred of 
water, and is quite insoluble in alkalies. From 
these considerations it follows that when this 
salt is administered the patient Iwmcfits only 
by such a small proportion of it as can bo 
alisorbed before the salt reaches the first part 
of the bowel, the reaction of the contents of 
which is invariably alkaline. truth is 

that the sulphate is used perhaps more because 
it was the form in which quinine was first 
discovered, and so had a long start, than for 
any other reason. A salt vastly superior is the 
hydrochloride, which hfis one molooulo of hydro- 
chloric acid to each molecule of quinine ; and 
still better is tlie acid hydrochloride, which has 
two molecules attached to each of the alkaloid. 
This last is soluble in Jess than its own Aveight 
of w'aier. 

Quinine and Vital Chemistry. Since 
quinine is the one known specific against 
malaria — the disease which causes more illness, 
though tuberculosis causes more deaths, than 
any other— its properties in relation to living 
matter are necessarily of the first interest. 
Newlless to say, they have been studied with 
the utmost can', though even yet flierc is much 
to l(*arn. We may say, howa;v’er, that quinine 
ajipcars to be one of those substances wliieh 
in some degree or other directly interfere witli 
the processt^s of vital ehemistry. This is as 
good as to say that it is an antisopti(\ Malaria 
is now known to be due to the pri‘sence in the 
blood of minute parasites, and the value of 
quinine depends upon the fact that it flircctly 
kills these organisms. Students of the problem 
of impregnating the blood with an antiseptic 
know how all but impossible this is to effect, 
except at the cost of life itself. We have 
already seen, in the case of carbolic acid, the 
typical antiseptic, that the acid is altered into 
an inert siilplio-earbolate, and can exist as an 
antiseptic in the blood only at the cost of life. 
Quinine, however, though by no means a 
powerful antiseptic, can exist in the blo^ as 
quinine. It is well worthy of note, as proving 
the fundamental identity of vital chemistry in 
various forms of life, that quinine paralyses not 
only the malaria parasite, but also the white 
cells of tlie blood. Doubtless many of these 
are killed by it, but fortunately the body can 
replace them, while the malaria parasites, 
w'hcn killed, cannot be replaced. 

Quinine and Alcohol in the Body. 
Cm© other point is well worth noting for its 
significance. 

In the case of alcohol we saw that one and the 
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same Bubatance both arrests the movements of 
the white blood corpuscles, and interferes witli 
tho decomposition of the oxy-haemoglobin of 
the red blood corpuscles, Noav, the same is 
precisely true of quihine and of some other sub- 
stances. We naturally seek, then, for some 
reason which will furnisli an explanation of what 
would otherwise look like a curious coincidence. 
The suggestion wliich may be here made is one 
dependent upon a consideration of the causes 
of motion in living things. The studtmt of 
physics and of the doctrine of the conservation 
of energy is well aware that a white blood cell, 
like a bullet or a star, cannot display energy of 
motion, or kinetic energy, except in virtue of the 
transformation of pre-existing energy. Now, 
the source of energy in the ease of the white 
cell — and this is true of the wliole or all but 
the,Avh()le of the energy displayed in any living 
thing whatever, whether an oak or a man or a 
microscopic cell in the man’s bloofl — is the 
potential chemical energy which is liberated in 
the act of oxidation. Now, it would appear 
reasonable to infer that the reason why alcohol, 
quinine, and other substanees which interfere 
with tho rtiduction of oxy-hjcmoglobin also 
interfere w’ith the motion of tlu^ white <‘ells is 
that these substances similarly interfere with 
the reduction of compounds comparable to oxy- 
liaamoglobin, which must Ik' present in the white 
cell as in every living cell, and which are its 
storors of oxygen ; for tho oxidation of proto- 
plasm, iVi we saw long ago, is not only iiitra- 
eellular but even intra-moleeular. 

Quinine and Oxidation. Two further 
facts may be correlated with the theory which 
we have suggested. One is that the amount 
of uric acid excreted by the body after the ail- 
ministration of (jiiinine is greatly diminished. 
Now, uric acid, as we have already seen, is an 
oxidation product of the particular kinds of 
protcids which are found in the nuclei of living 
cells, and are call(*d nucleo-proteids. White 
blood cells ])ractieally consist of little more 
than nuclei, and an^ a most important source 
of uric acid, for when llioir numbers are greatly 
intu’eased, as they are in certain diseases, the 
amount of uric acid excreted is also increased. 
Similarly, in this case we see that the amount 
of uric acid excreted is diminisluid when the 
amount of oxidation in the leticocyte is 
diminished. 

The second fact is that (piinine interferes with 
the process of oxidation in many other kinds of 
living matter, in addition, as w^e suspect, to 
white blood cells. The absorption of oxygen 
by various fungi is intei-fered wdth under the 
influence of quinine, and various lowly vegetable 
organisms which normally display phosphores- 
(;ence — known to be due* to rapid oxidation — 
cease to display this property wdion they are 
subjected to the action of quinine. 

Why quinine should interfere with oxidation 
is as yet quite beyond tho powder of chemistry to 
say ; but it is a step thereto to have included 
under this one proposition — interference with 
oxidation — so many and apimrcntly diverse 
properties of this substance. 


There are two important grou})s of <?ompounds 
which are related to the alkaloids, but are, 
nev’ertheless, quite tlistinct from them. 'Hie first 
of these go by the name of neutral principles. 
They are not alkxitmds heeause they are not 
basic, but neutral, and tliey are not glucosides 
because they do not yield glueost', but they are 
related to both these gi'oups of substanees, and 
many of them aix^ extremely potent drugs. 
Typical of tlumi is the hotly knoAvn as aUnn, 
which is tht; active xmneiple of aloes, the valuable 
purgative, and by selling which at a price a few' 
huucb'cd times too high to persons, all of whom 
are ignorant and to many of w^hom a shilling 
is a sei*iouK matter, most of the patent medicine 
manufacturers derives tlieir monstrous intjomes. 

Glucosides. More impoi'tant are the glnro- 
sides. They have long Ix'eii known to bo of thtj 
utmost interest because several members of this 
group are amongst the most potent of drugs. 
But we shall also see that quit<» recently — inde<^d, 
within the prescuil year — a new interest has come 
to attac^h to llie glucosidc^s in general because 
of the part whieli they are believKl to play in 
the body. GlucosideS may be d(^fined as complex 
organic substances which com])ounds of 
glucose. Until quite r<‘C(uitly tJiey w'er<5 supposed 
to bc» confined to plants, 'rhey are crystalline. 
W'heii hydrolysed by various agencies, such as 
certain acids and alkalies, or by means of such a 
fc^rment as the emiilsin found in the almond, 
they yield glucose and some otlu^ substance, 
most commonly an aU?ohol, an aldehyde, or <1 
phenol. We have already alluded to an exampkj 
of a glucosido in salicin. In this, and in all other 
cases, the name of (lie body must be sjKdt with 
a terminal -*’w, tlius distinguishing it from tho 
alkaloids, the nam(*s of which are marked 
by a final e. 

The Most Valuable Heart Tonic, 

The gluooside salicin, tliough exceedingly 
valuable, is not often ernploytid in medicine 
now% bccausi^ sodium salicylate is more con- 
venient. But it may be noted that the most 
valuable stimulants which are employed as 
favourable to the health of the heart are 
glucosides. 'I’he leaves of the common purple 
foxglove {Digitalis purpurea) have long been 
in use as by far the most valuable of all 
known heart tonics. Of recent years they have 
been very carefully studied, with n^sults whieJi 
significantly resemble tlnjsi* obtained in the case 
of many other plants- that is to say, the recog- 
nition of the prt'sonee within tJie plant of 
siihstances whose molecular construction is 
all but identical, but which, nevertheless, 
exercise upon the body properties diame- 
trically opposed to one anotlier. We have 
already striven to make it plain to the 
read<,*r that there would be relatively little 
interest for us, as chemists, in the mere 
fact that molecules, slightly different, exercise 
different properties. This we should expect. 
The significant thing is that the properties 
are not merely different, but directly antagon- 
istic, and this is found to occur agiiin and 
again in the case both of alkaloids and of 
glucosides. 
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The Chemistry of the Foxglove. The 

loaf of the foxglove contains four gluoosides, 
very closely allied ; possibly there may be more. 
It contains no alkaloids whatever. Of these 
glucosides, one (which is identical with a glucoside 
found in other plants, such as the senega plant of 
the Now World) is a powerful poison to the 
muscular tissue of the heart, and thus directly 
opposes the action of its neighbours and rela- 
tives. Obviously, then, as soon as it is possible 
to obtain the valuable glucoside without the 
worse than worthless on<j, the use of crude 
preparations of the leaves must be 8U|>er8eded. 

The one serious rival of the foxglove as a 
heart tonic is the seed of the strophanthus 
plant, used as an arrf)W poison by the natives of 
West Africa. 'Fhe cotyledons of the seed may 
actually contain fis much as 50 pcT (;ent. of an 
extremely powerful glucoside called stroyharUhin. 
I’his extraordinary sub8tanc5e (tlio function of 
which in the plant is entirely unknown) has a 
unifpic chemical relation with the muscular tissue 
of the lH^art. This mark<‘dly differs from its 
relation to muscular tissvic elsewhere, and is 
true alike of the heart of man, the highest of 
mammals, or of the heart of the frog, which 
is a mere amphibian. 

A. R.emarKal)le Identity* 71ie reader will 
ponder iijwn the nece.ssary inference that there is a 
ehemienl identity in heart muscle wherever found. 
This glucoside, and the same is tru<^ of many other 
substances, proves that the chemical relationship 
between the heart muscle of a man and the heart 
muscle of a frog is actually nearer than that 
between the heart muscle of a man and the 
muscular tissue of tin') midriff fir diaphragm 
on which that heart rests. To the best of the 
writer’s knowledge the sign ilica nee of these 
facts has never hitherto Unm insisted upon, 
but it is surely evident enough, once considered. 
A solution of one part of strophanthin in ttm 
millions will so violently stimulate the muscular 
tissue of tlie heart of a frog as to arrest it in a 
state of continuous spasm. 

New interest has lately been attached to 
the ghic(38ides by exptTiments which seem to 
show that the glucose that is found in human 
blood, and that repT(*sents the form assumed, 
as the result of digestion, by all carbohydrates, 
does not exist in the ])lood as such but as a 
glucoside. The fact seems to be that uncom- 
bined glucose would lx> trcat<*d as a foreign 
body in the blood, and w'ould promptly Ixj re- 
moved from it. Existing as a glucoside, however, 
the glucose may remain, and when it is needed 
by the muscles, which find in it a source 
of the potential energy w'hich they transform 
into work, the glucose can readily "be obtained 


from the glucoside by means of hydrolysis, 
under the infliience of one or other of the body 
ferments. We have already seen that plants 
contain ferments capable of effecting this 
decomposition. 

Chemistry of Plants and Animals. 

Special interest attaches to these researches 
because they afford one more illustration of 
synthetic power within the animal body — 
the synthesis in this case being that involved 
in building up into a glucoside tho glucose 
w'hich the blood derives from tho bowel. 
It used to be stated positively that the 
fundamental distinction between the chemistry 
of the plant and the chemistry of the animal 
is that synthesis — as in the making Of proteids 
and carbohydrates — is peculiar to tho plant alone. 
All the chemistry of tho animal body, or practi- 
cfilly all of it, was supposed to be ana^tic. 
Tho animal body could merely break Sown 
the compounds wliich had been built up by tho 
plant, in general, this groat distinction is un- 
doubtedly true, and is absolutely fundamental 
to our conception of the chemical balance 
betwefm the various kinds of living things. 

But it is of great interest to know that 
there are not a few^ casijs in whicli the animal 
body is capable of effecting synthesis for itself. 
A more accurate manner c)f expressing tlu* 
distinction will have to be found, and jiorhaps 
w'e may find it here. The animal body may 
build up glucose into a glucoside for its 
OW'D convonienco ; but, both in tho case of the 
glucos(j and of the other compound with which 
the glucose is combined to form tlio glucoside, 
tlio animal body is first depi^ndent upon the 
synthetic pov’cr of the plant. 

•• No Sun, no Shakespeare.” Now%thf' 
plant is d<‘pendent upon nothing at all. Tho very 
elements suffice for it. On the other hand, w liat- 
cver synthetic powders the animal body may yet 
bo shown to possess, we may take it ns certain 
that it is absolutely dt'stitute of any pow'cr of 
building up compounds from ehnimtu. The 
blood of every animal contains a large proportion 
of elemental nitrogen, but nothing ever comes of 
it. Tho lungs of every civilised person contain 
large quantities of elemental carbon, but nothing 
ever comes of it. Elemental i)hosphoru8 may 
be administered to an animal, but though phos- 
phorus is a necessary constituent of living matter, 
nothing over comes of it. The necessary 
nucleo-proteids — containing phosphorus — of the 
animal cell, it owes one and all to tlie synthetic; 
activity of tho vegetable cell. The world of life 
18 so w'holly one that, in tho natural order, 
we may say No (jreen leaf^ no Goethe ; just as 
we may say, No sun, no Shakespeare, 
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DADLY FITTED boots arc oxtromcly aimoy- 
^ ing to the wearer, and sometimes dangerous. 
If the fashionable? shape fits no human foot, 
the fault lies with the customer who chooses to 
wear — for the vanity of appearing fashionable— a 
boot that injures the foot. But let not the 
shoemaker whose customi'rs complain lay that 
flattery to his mind too mucli ; he, and not 
fashion, may be to blame. The first condition 
f>f comfortable bools is accurate m(,‘asurcment. 
Feet vary as much as individuals ; you will 
never sec two persons with fecit exactly alike, 
and tlieiu? arc even diflercnces bciwcHm th<? 
right and left foot of the same ])erson. In 
the ready-made trade w’c have got over the 
difficulty presented by these facts by a careful 
gradation of sizes and classes of boots, which 
shall be explained in due time ; but every hand- 
made? boot is formed for the foot, of the customer 
by whom it is ordered. Actual measurement is 
the obvious way of arriving at the proper sizes 
of the boots to b(‘ made. Simple as the propo- 
sition appears, many shoemakers ignore it one 
way or another. To spare the customer trouble, 
the length of the foot and the height from heel 
to front of the instep arc taken, and the rest 
worked out to a scale of averages. Both from 
a technical and a 
business point of view, 
this is a mistake. Cus- 
tomers like to feel that 
we are taking trouble 
with them, and doing 
our best to please. Jf it 
m done in a polite man- 
ner, additional botJier 
gratifies a customer. 

Outlines of the 
Feet. An outline of 
the soles of the cus- 
tomer’s feet is very 
useful. To obtain this. 

Jay a piece of paper on 
the floor, and ask the 
customer to stand on 
it. Carefully go round 
the foot with a pencil 
hold perfectly upright, 
and trace it^ outline, 
marking the jwsifions 
on this tracing wliero 
all the cro.ss.moasure- 
menbs are taken. ^[Seo 
page 1330.1 

The Measurer. 

The measurer should use 
two standards, the size- 
stick [29 H, page 3R7ffj 
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and the tape. A size-stick is a thick foot-rule 
with a fixed block at one end for the heel to rest 
against, and at the other end a sliding block 
that comes up to loucJi the too of the foot. The 
stick is marked with inches, divid<‘d into 
sixicentbs, and the boot sizes divided into 
halves. Let the two blocks gently enclose the 
foot from luH?l to toe, and mark do^vn the 
mi mber hid icated . 

Method of Measuring. The diagram on 
jMge 1330 illustrates the bc.st method of taking 
measurements. On the foot itself w’c have three 
dimensions corresponding to the main featurc.s in 
its structure. 'Die tape marked “joint” indicates 
the direction of measiirem(*nt across the joint. 
In a properly fornu?d foot, the toes are. not in 
lines and llie tape must be slanted i‘ound the foot, 
and the exact angle registered on the tracing. 
The rule is to take the root joints of the largo 
and small toes and to draw the tape neatly round. 
Mark down th(» number of in(‘hcs and fractions. 
Put the tape round the foot at the instcj), as 
shown on the diagram. This is meant to shoNv 
the thickness of the foot round the centre of the 
instej) arch. Mark that measurement down, 
and then shift the tape to the heel, or bend of 
the foot. The tape marked “ankle” shows 
tlie direction in which 
the mensuroment should 
lie. 

Accuracy. It is of 

prime importance that 
this measuro should be 
accurately taken. For 
button boots especially, 
the size from heel to 
front fletermines a great 
deal ; if too slack or too 
tight at that point, the 
symmetry of the whole 
boot is lost. Discom- 
fort ean be avoided by 
simply sewing on the 
buttons according to 
tlie w'idtli required, or 
lacing the boot slackly ; 
but tliough comfort i.s 
assured, the boot re- 
mains a botch. For 
men’s boots, one leg ” 
measurement only is 
usually taken. The point 
of measurement is at 
the slender(?st part of the 
leg, about 2 in. aJ)nve 
the ankle- bone, as shown 
on the figure. Many 
m<?n :ivo r;itber careless 
lOlT) 
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abotit the tops of their boots^ and bootmakers 
arc apt to fall into the same moods as their 
customers. No well-dressed man wears boots 
slack at the ankle, and our object is to make our 
customers capable of being well-dressed. The 
trousers, like the grave, hide much bad work, 
but it is wrong to count on hiding anything. 

Long Roots* J^adies arc more particular 
about ff>otwear than gentlemen, and the fair 
8<*x gives the 3ho<»makt‘r many a hard problem 
to solve Every now and then the fashion 
brings in a form of long boot, rc^aching almost 
to the knee, or shorter perhaps, but still a 
long-legged boot. The sh^maker must take 
the height desired from tne lips of the fair 
customer, and measure ivccordingly. In addition, 
the height from the lieel to the top of the boot 
should be taken. 

Notes* For his own guidance, .and %vith- 
out showing it to tho customer, the shoemaker 
shoxtld make a note of peculiarities in the feet. 
Very b<;autif\illy formed feet are round at tho 
instep, and measure more than feet of a lower- 
class model, and apparently broader. In some 
feet the toes spread out, while in others they 
are clo<»e and oomj>act, seeming almost erami>ed, 
but not really so. We do not refer to defective 
feet at tlio moment, but simply to the actual 
differences among average healthy fe<‘t. Large 
joints of toes and ankles are very often a cause 
of trouble, and lownesss of arch or instc'p pro- 
duces frequent disputes with ouslorntTS, the 
high instep being a cov(‘ted mark of breeding, 
according to a popular fallacy. 

A Shoemaker’s Duty* Defootivo feet, 
tho number of which only tho shoemaker knows, 
bring special problems of their own. Deform- 
ities are out of tho question. What wo moan are 
slight defects produced by long standing, over- 
exertion, tight, ill-fitting boots, and such like. 
A shoemaker is not a doctor, but he takes on 
himself, if ho is wise, some care and thought 
for the I'omfort and health of his patrons. 
Towards those little failings in the pcxial equip- 
ment of his customers tho bootmaker has a duty, 
which may be summed up in tho words, “ hide, 
help, heal.” Unfashionable shapes of lK)ot, 
square toes, low heels, and other remedies 
are not recommended by wise bootmakers ; 
if a man knows his business thoroughly ho can 
hide, help, and heal those minor ills r.f the feet, 
and no one, not even tho customer, be one bit 
the wiser. 

Working at Boot Tops* For a good 
while the making of tops has been a special 
branch of the boot trade ; but that, for the 
present, may be left out of view'. The duty 
pf the bootmaker is to learn how to make a 
boot. 

Variations in Value of Boots* Wo 

have first to select our leather, and cut it. To 
the average outsider, tho wide range of prices 
charged for boots must be somewhat puzzling, 
and it is here tho mystery begins. Xu boot* 
making by hand we have not the same wride 
range of quality as in the factory, because 
HO one thinks of asking for a hand-made boot 
ntiless pit>|M|pd to pay a fair price. You can 
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W floats inifW rct^ shops at 6d, a pair, 
and that money would not pay for hand lahonr 
alone. Cheap boots are machine-made ; but 
there is more in it than that. Some machine- 
made boots are jiriced as high as 26s., and may 
be seen in tho same shop as the cheapest class. * 
The reason for this may well be sought. The 
secret is partly in the leather, but not whoUj^ 
The difference in tho cost' of material USM 
for the highest and low'cst class of boot fe not 
over *58. or Os., taken in tho mass. That is to 
say, take pound for pound of leather, wob for 
web of lining, mounting for mounting, and the* 
diffonuice is not so very great. But you will 
get more pairs of low-class boots out of a hide 
than you can get of a lK»tter class. The cutting- 
out proceeds on quite different principles. A 
first-class lK>ot top has no side seams ; it is one 
solid front. This means a large amount of 
w'aste in a hide. Even the most skilful cutter 
has to lay aside for inferior purjwses, or fling 
into the waste bag, a large portion of costly 
hide. A seamless boot is an altogether finer 
foot-covering than one with three scams, but it 
has to be jiaid for. 

Economic Facts. Another thing that 
has sometimes been questioned may bo ex- 
plained here. How is it that you can occasion- 
ally got bools with uppers of fine leather at 
factory pric(‘s ? Tlie answer is, that those boots 
are made from the scraps kfft over from high- 
class boots. The fronts of all boots are fairly 
large pieces of leather ; but take the half of 
a back, and you w ill see how' you could gi't any 
number of them out of pierces of leather other- 
wise useless. Bootmakers are not exempt 
from economic law any more than any other 
class of workcrh, and the public may depend 
upon it that wlierv* a higher prico‘ is openly 
charged a higher value is given. 

Cutting* We have taken in hand a pair of 
good average strong boots, of meilium class. 
The uppei'h are to Ih.‘ of om' class of leather, W'ith 
side seams, and thereh)re in thrc'e j)arts, quarU^rs, 
golosh, and vamps or fronts, propcTly so-called. 
The fine grain leather is laid on tho cutting- table, 
with the measures. Near the table are hung 
files of shapes cut out of strong paper. These 
are the model i)attern8 for every conceivable 
size. You can get tliem to buy ; but in the old 
days, every bootmaker built up his own stock 
of patterns, and the practice made good work- 
men. The patterns for the size measured ar^ 
selected, and the figures of the measure com* 
pared with those on the patterns. Tho foot of 
the customer may l>e built on finer lines than 
tho pattern, or it may be shorter and broader. 
In the former case the cutting has to be fined 
so as to make a higher top with less breadth ; in 
the latter case, the ends of the fronts and bocks 
are to be shortened, and the fore parts of the 
fronts broadened. 

Practical Method* Having settled tho 
leading points of size and shape, we now take the 
cutting knife in hand [SO]. Lay the^ pattern of- 
the fronts on the leather laid flat oil the boariL', 
and ^aw the poin| of the knife round tlie cdgeSi^' 
making a clear sketch for the path the out* 
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Then drive the knife steadily along tho 
Place Hhe two fronts separate, so that you eiah 
keep the whole material of right and left boots 
together and without risk of mixing. The 
■quarter, golosh, and vamps are cut, and then the 
lining.^ and bindings are got. AMkhi you have 
piled togetlicr tho makings of a pair of boots, 
the heap is of a size much larger than might Ixi 
exj^oted. A wise plan is to tie all the pieees 
of each top together and ttikc out as required. 
Even though you are going to start to maki^ the 
left upper next minute, it is right to phwje all 
the parts together, and see that they correspond. 
Many a memlx^r of the craft has had many 
bitter hours because ho neglected that simple 
precaution, and landed in confusion. 

Skiving, Sewing, and Stitching. The 
parts of tho top have to be joined tog(^ther, 
and it is desirable that the joints should he neat 
and smooth. A double thickru'ss of leather at 


%hd troll and twine tho threads over your knee, 
-and make a uniform cord. 

Waxing the Thread. T^cft dry and free 
the thri^ads would quickly separaU*, and wear out 
singly : unprotected from water and wt^ather, 
they would rot. Wax is the binder and preserv- 
ative. Holding th(‘ ])iece t>f wax in one hand, 
the sewer draws the thread through the wax, 
and soon clothes the length in a tine, brown, 
shiny coat. 

Bristles. The hardened threads tapiT to 
a [Mjint, hilt we could hardly make spet^d in 
sewing with only those })oinls for needles. 
From time immemorial tlu* trade lias used 
bristles for this pnrpoilo, and modern ingenuity 
has not been able to improve upon the device. 
Th<‘ bristles are from 4 in. to o in. long, and veiy 
strong. They liave Ikvii specially selochxl 
by the hristl(‘ merchants w]ii> import the liear 
bristles for the brush makers. Kvery bristle 


every joint would pro- 

duco an ugly and un- 
comfortable hoot. Ob- 
viously, tile pro}>er 
course is to thin the 
edges of the haither at 
the joints, and this is 
done by a jirocess naiiK'd 
skiving 1 31]. 4'he skiving 
knife is a ci'cscent of 
thin st(‘cl, with a sharp 
edge ; hut we havi; 
seen a good old work- 
man doing it neatl}^ on 
his lapboard with an 
ordinary cutting-knife. 

What is needed in iJie 
operation is stoiuiinesa 
of hand and a gi'od <‘ye, 
for the thinning must 
be gradnated regularly 
all I'ound and leave a 
clean c'dge on the front. 

M(kIc 1 skiving is about 
" I in. broad, and true all 
round. Careful practice 31. skiving, or rei 
alone makes good the VPI 

skiving. 

Stiffening. Before sewing the parts of the 
top together, we have to stilTen the backs ; 
we have provided a good piece of leather for it, 
though some use linen. Carefully skiving the 
'upper edg<*s, we paste it firmly to tlie inside of 
the back, and leave to dry, prtq)aratory to 
sewing. 

Thread. Now we have to prepare our 
,thi*ead. Shocmakci’s are tho last of the users of 
i threads to retain the making of them in their 
own hands ; tailors liave surrendered tlieir 
threads to tho great manufacturers. Our 
^read is peculiar and si>ocial. It is composed of 
several strands of fine flax twisted and waxed into 
one. Take hold of tho loose end of the ball of 
flax as it lies in its box, and draw out the length 
you can handle ; double it back and draw out 
another skein of equal length, relocating till you 
have a thread of the thickness required — four- 
ply, five-ply. or six-ply. Cut off from the ball, 
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has what is lei'hnically 
called a //ur/ ; but to. the 
common eye it looks 
like a split. Our neigh- 
bours, the hrnslimakers, 
like the tlag to he as 
sinail as jifissihle, and 
might he pleased to he 
u it limit it if Natim^ 
would oblige ; but to 
us a moderately-sized 
tlag or split is useful. 
Tli(‘. thin seetion of the 
bristle can In'; made into 
a ti(^ to twist on to tliQ 
end of the thread, and 
the bristle^ seeured with- 
out a knot. 

Sewing. Tailors join 
the pioeos of cloth about 
to be sewn with long 
stitch(‘s of white thread ; 
hut that is hardly prac- 
ticable with leather. We 
fasten the pieces of the 
INU THE EDGES OF h)p together ill a tem- 
PART.s porary way, by means 

of tacks. T-.ct it be 
tacketl logelhei' to see how it looks, and 
how the pieces form with each other. Having 
worked the top into shape, we can mark the 
lines where the sewing is to he, and pull out 
all the lacks (‘.xcepting at the joints where the 
.s<'\ving has to be begun. Fix the jiarts in the 
hoot clamp ; bring it hetwi'cn the knees ; 
pierce thi^ two plies of leather with the tine awl ; 
insert the bristle of the waxed thread, and 
draw it half way through. Sew the seam 
right up to the mid. making small, even, regular 
stitc-hes, pulling the thread tight at every stitch. 

Machine Sewing. After the sewing 
machine came into use, topmakers had frequent 
disputes with the bootmakers as to what seanif 
might be stitched with the machine and whal 
should be sewn by hand. The practical aru 
honest solution of that question is very simple 
At least it was simple in the early days, because 
the machine could not sew an strongly 
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Rurely os the hand; but improved machined 
have done away with the difference to almost 
a (complete extent. It is a safe rule, however, 
to sew with the hand those scams on which 
the stress of wearing is put. Reliability is 
one of the chief qualities of the Jiand-scwn 
boot. In the class of boot we aie making, 
the stitching of the machine must be confined 
to omaincmtal uses, and for talking in tlu* 
lining. 

Ironing. When the whole toj) has been 
wwn, the st'ams retpiirc to be ironed down. 
Smoothing irons are little bars of steel, of varions 
breadths, from \ in. to ‘2 in., ami the.sc^ an^ 
lieated cleanly at the gas, or in the gas stove, 
and applied to the seams om^ l>y one. Heavy 
pressure is lU'eded, and you l)ear your weight 
on the top of tlu5 iron luindle, and rub firmly 
to and fro till the seam is flat to the lealber. 
Witli heavy s<'ams the smoothing iron may 
be helped with a gentle tai|))ung of the 
hammer. 

Linings. Fa\ilty lining is a fretpient 
cause of troubh* to both bootmaker and boot- 
wcuirer. It may be too tight and draw* the 
top out of .shape, t)r it may be loo slac k and form 
crinkles inside llie boot. Resides .selecting 
the bi'st and most suitable niat(‘rials and cutting 
iHHairately, we imist pay <'lose attention to the 
sewnng and lacking of the linings. Chamois 
leather is the highest class of lining, but it 
is too w'arm for many pcstplc ; tine .<plit Icatlicrs 
arc ready to cut and break ; and the most 
Hcnsibh* material for ordinary wearing boots 
is a strong twilled cotton, with leather bimlings. 
It is a waste of time sewing linings by band. 
The bi^st plan is to paste them carefully 
together and pass |hem througli the sewing 
machine. 

Tongue. This pit^cc of soft leathcT, .shaped 
like the .section of a truncated cone, is tacked on 
to the mouth of the boot by tJio sewing that 
holds upper and front togetluT, with an 
additional tack to the insid<* of the upper, 
making it like a tw'o-hinged door. 

Mountings. Fancy boots have mountings 
of various kinds, such as toecaps of enamel 
leather, and other trimmings ; but plain boots 
have only the eyeh'ts and liooks or fasteners. 
Punch tlio holes in a regular row up the 
two fronts, half an inch from each edge, fully 
half an inch apart, with the hand punch. Put 
the eyelets in the liole.s and clench them on the 
inside. The operation is simj)le ; but it may 
bo done carelessly. The c;yelets of liand-made 
boots are generally lU'ater than those done by 
the machme, the eyelets in the latter being, 
as a rule, broken out at/ tlie inside by the force 
of the clenching. 

In this state the top goes into the hands of 
the shoemaker, as wo cui'iously term tho man 
who puta in the sole.s. We leave the final 
finishing touches till the liard work of the welt- 
ing, soling, and heeling is all done. But it would 
hiudly. be fair to pa.ss on without mentioning 
somdjgtthers of the boots we have to make. 


Buttoaltoot#. Most of 
on the market are made ik/' tne' n 
Esseiitially of light style and 
class of boot len£ itself siiecially to ^e sewm^^ 
macliinc. All the same, a capable 
can make a better and more lasting button 
than any combination of machiiiery.^ TfljJ 
fronts and backs may be the same as abo^d 
described, but tho uppers are quite different.; 
'riiougli, to outward appearance, the addition! 
of th<^ buttoning flap and tho buttonholes 
seem the sole novelty, the fact is not so. The 
upjiers are made full, so that the side under 
the dap comes close up to the other side. 

Flap. Thi.s gives unity to the front, andiat^ 
th(i same time prote.cts the foot from the sewn^ 
st*am of the dap. No matter how fine a 
may be, the double thickness of the leather is 
felt, and to a sensitive foot tho irritation of thi0 
hard ridge would be intolerable. When sewing 
on the flap, this should be kept studiously in'' 
mind. Tho head of the dap continues tke line 
of the upp'i* round tho log, and curves round 
above the ankle -bone. 

Elastic Sides. At present this form of 
boot is greatly out of favour, but there is yet a 
go<xl trade df)no in them about tht^ North of 
Kngland, and among well-to-do elderly people 
who stick to the fashions of their early da.>s. 
While clastic sides wore fashionable, the artistic 
faculty of t lie boot makc'r w'as not allowed to sleep. 
Fp|KTs and fronts w'oro decorated in various 
stylos and .some of tho designs were really pretty. 

(‘ommori style was the long upper, reaching 
down to the toe-joints, coming from above the 
ankle and covering the whole instep, joining a 
golosh or bottom foi’mod of one solid piece and 
sewn up tho back. Tlie upper of fine kid, and 
the golo.sh of enamelled leather, made an attrac- 
tive boot. 

Parts of the Upper. Spread out on 
tho cutting-table, tho upper-front had the 
appearance of a flounder without the fins. In 
cutting the bottoms, re'gard has to bo paid to 
the rise of the foot above the toes. The front 
is cut to come almost within touch of the ankle- 
lM>ne, the whole breadth of the ankle being 
loft open for the elastic insertion or gusset. 
Of course, the backs are insignificant, and mere 
bits of triangular leather, but it must be re- 
membered that these small pieces support the 
gussets and largely determine the balance of 
the whole boot. Backs of elastic sides have to 
Ije well cut, firmly and evenly sewn on. tho 
bottom, and stiffened with care. Gussets are 
woven silk or fine cotton, tho indiarubber 
enclosed in the fabric, slender elastic strings 
giving a good spring. Round the gusset space, 
the lining is left opm, and the gusset, cut to 
size, is ^e^vn in, either by machines or by 
hand. 

A style of elastic-side favoured by many has 
the appearance of a top boot. The whole front 
of the top is one solid piece. The back, also 
one piece, is joined in a side-seam. The gusset 
is omong, narrow and circular at the bottom. 


Continued 
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4 HOW TO VENTILATE OUR ROOMS 

Entrance and Exit of Fresh Air. Exclusion of Dust and Draught. 

' Methods of Securing Effectual Ventilation in Dwellings. Artificial Aids 
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. By Dr. A. T. 

IN an ordinary room there are three openings 
^ for air, besides 'vvhat ean enter through tln^ 
walls ; and these are the window, the chimney, 
and the door. 

^The Chimney. There is no doubt that 
the great safety valve of mo.5t rooms is the open 
‘cbimney, which is of far more importance as an 
air-shaft than as an outlet for the smoke. Were 
it not for the English love for an open (ire])laee, 

. and hence an open chimney, it is hard to say 
^what W'Ould become of large numbers of the 
population. No chimney ought, therefore, to he 
stopped up ; and, undi^r ordinary circumstances, 
no room should bo without one. 

Ventilation really consists of a double process — 
the removal of foul air and th<^ admission of 
fresh. Now^ the chimney is principally of use for 
the former part of the w'ork. Carbonic acid gas is 
very heavy, and with care ean actually bo poured 
from one glass into another. When it is expired, 

► it is, of course, heated, and, Ixung lighter than 
air, ascends to the e(‘iling. 'I’lns is the time 
for getting it out of the room, and the best 
way is by an opening near tlie ceiling right 
into the chimney, with some simple valve 
(Arnott’s) to prevent the smoke from coining 
out into tlie room. Without such a contrivance 
the carbonic acid gas cools and falls to the floor. 
This makes it very dangerous to sleep on thc^ 

. floor in close rooms without open chimneys. 
When CO . 2 has thus fallen, the draught to the tire- 
place and up the chimney quickly carries it oil. 

The Window. The window is the second 
great means of ventilation. It ought, in the 
majority of rooms, to be so arranged as to he 
always open, by night as w'cll as by day. Jt is 
impossible to overrate the beneficial advantages 
arising from this simple procedure. 

No doubt considerable surprise is felt by som<^ 
that no mention has been made of the escape of 
foul air by the window', and especially at the 
top. The window may be opened at the top 
as much as you like, but it cannot be too clearly 
understood that when so opened, as long as the 
air inside is warmer than that out of doors, 
the fresh air enters there, and the foul air does 
' not go out. The window in this country is 
practically always an inlet — whether open top 
or bottom docs not matter— and not an outlet. 
The chimney is the outlet. Tliere should be, 
however, as we have shown, an inlet of 24 sq. in. 
for each person, and this can be made in various 
ways. One is by a simple window board about 
tht'ee inches deep, on which the lower sash shuts, 
so that while the bottom of the window is still 
closed there is an opening between the two sashes, 
admitting fresh air in an upward direction; 
or a board can be fixed across the front of the 
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lower w'indow'^-sill about six inches high, so that 
the low'i'r sash can he raised behind it, and a 
doulilc upward draiiglit formed, the one hc'tween 
the two sashes, the other between the low'er sash 
and this board in front. 

Windows should always be open an inch or 
two at the top, and if at all large, a small 
j)idl(‘y and a. doubl(» cord should be fixed so as 
to pull the upper sash up and down easily with- 
out hav'ing to push and pull from the outside. 
The draiiglit can be directed upwards in various 
other w ays. The air can tmter upward.s behind 
a false eorniee, so that when the window is 
apparently securely shut an opi*ning is left 
above. An ordinary Venetian lilind serves some- 
wliat the same jiurpose if partly let down. An 
ornamental glass screen, iixed on tlie knversillso 
as not to rise with the window, is morii ornamental 
than a board, and jirevents any direct draught. 

With these sim})le contrivances no draught 
is })()ssible ; and the cold air, directed upwards, 
falls in a gentle showc'r all over the room. 

Tobin’s tubes, alri'ady alluded to, are flat tubes 
again.st the w'all, opening into the outer air 
below' and into the room at aljout tho level 
of the mouth, in an iqiward direction. 

The Door. Tho third and worst way of 
vimlilnting a room is through the door. It is 
u capital saying, and should be enforced, that 
doors arc made to shut and windows to o|xmi, 
and not vice viu’sa. If a room is already sufti- 
eiently ventilated, there will he no draught 
rushing in at the ktyliole. as ean he seen by the 
flame of a candle held then*. If there is insufli- 
cient fresh air in the room, it will do its best 
to get in by the dewr, carrying with it, of course, 
all the smells, poison and sew’cr gas that may 
exist in any part of the house. 

Ventilation is rtfc.lly self-acting, ilie poisoned 
air doc's its best to escape out of the room and 
the fresh air to enter, and if we do not absolutely 
prevent this by ignorance, these beautiful laws 
will work harmoniously and without effort. 

Sitting-rooms and bed- rooms must not, ot 
course, he overcrowded. Each person must be 
allowed at leant 50 sq. ft. of flooring in a room 
10 ft. liigh, and gas should never be used unless 
the rooms be very spacious : lamps and candles 
coiiHume far less oxygen, and of course electric 
light is b(4ter still, "but one single gas jet re- 
quires as much fresh air as five persons. 

A great objection to free ventilation in towns 
is made by careful housewives on the ground of 
dirt. The matter is important, for there is no 
doubt that town air is laden with dirt of all 
sorts, and requires as careful filtering as water. 
This can be done effectually by muslin or per- 
forated zinc stretched across the open window. 

.4010 
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We have now pointed out some of the benefits 
of proper ventilation, but we liave yet to men- 
tion one of its greatest advantages. 

Catching Cold. Ixt us renmuber that 
Uie most fatal disease in England is consumption ; 
then come bronchitis and inHamniation of the 
lungs ; and mark tliat om* of the commonest 
ways thcs(^ begin is by our “ catching cold on 
going from close, un vent ilatcd rooms into tlie o^n 
air, an<l that the sinr*st gtaicral preventative 
wf^ can adopt against these diseases is to liave 
our rooms (and especially our b(*d-rooms) fi‘(‘sb 
and well ventilated. Sitting in elost‘ rooms with 
wmdbags on the tightly closed windows, li.st round 
tlie doors and tlie r(‘gister down in tli(‘ chimney 
to avoid cold, only ensun*s cateking it : whiles 
letting the foul air freely out and the fresh frt'cly 
in is the surest vsafeguard against it. 

We must look a little further still into one or 
(wo jioints before tlie subject is di.sinissed. Tlieo- 
retically, the cold air should tuUer at the (loor 
level and the hot foul air leave at tin* top. Jn 
good hous(‘s the latter is frecjueiit ly carried out not 
only by valves at tin* top of the ehiinney breast, 
but by holes in the central ornamentation, in the 
ceiling especially, when tb(‘rc is any gas burning, 
so that (he fumes and bad air can be earried 
off directly. But the admission of fresh air 
at the lcv(*l of the Hoor is a diff(‘rent matter, 
and is found in practice to cause such etild feet 
that it is seldom admitted lo\\er than three or 
four feet from the ground. In cold weather 
natural ventilation is even more difficult on 
account of the draught. 

Of course, if the air be warmed i^ll the difti- 
eulty is solved. The ojiening can be larger, the 
current slower, and the air changed more fre- 
epiently ; but, as yet, wanned fresli air, which is 
the key to successful ventilation in this country, 
is almost unknown. 

How Wind Aids Ventilation. The 

wind is a great ventilator both by perflation, or 
Avind bloAving in, and by a.spinition, or wind 
sucking out. fn the Sylvester system there 
are two eowis, the one facing the wind and 
blowing fresh air into tlu? chamber, and the 
other w'ith its back to the uiiul and drawing 
the foul air out. 

Over a chimney the wind general 13^ aspirates, 
or draws the foul air out ; at a window it 
generally perHates, or blows fresh air in. Wind 
can change the air of a room UK) times an hour. 
You can tell if your room is A^entilated from the 
house or oiien air by placing a candle flame at 
the keyhole. Jf the flame be bloAvn into the room, 
3’xiur ventilation is wrong. 

(.)f course, windows should be inlets and 
chiranc\vs outlets ; but their roles arc sometimes 
reversed. If there be no fire and the chimney 
be ver3’’ cold, air may come down it into the warm 
room, or if the chimney top be lower than others 
surrounding it, the wind may strike them and 
be deflected down it. 


A fire, howfeveir sniiail, ik a. great ' v^iUtpr. 
It draws 15,000 ft. an hour up the chimhe^ 
Of course, fires ventilate the room best belour 
the level of the mantelpiece. The colder the 
room, and the hotter the external air, the more ' 
need is th(*re for the open window. » 

111 addition to the openings describe, thei^ 
art* Ellison's bricks and Sheringham valves ooin- 
nuinieating directly through tlio wall with the 
op<‘n air. In both, the external opening shotlld 
be smaller than the internal, thus modifying any 
draught. The Slieringham valve often acts as 
outlet as well as inlet ; and so, of course, in 
certain conditions may the window itself, though 
normall3^ it is an inlet at both top and bottom. 

Tilt* enti-anee of air through the walls, too, 
must not be forgotten; all dirpends, of course, 
on tilt* (lifTt renet* of temperature between the 
internal and external air. A closed room with 
.‘M dt'grees difference between the air inside and 
tmtside will change its air twice as fast through 
tJie walls as in a room with the window open 
anti st*ven degrees of difTt‘renee of temperature 
within and witliout. With a difference of only 
four degrees lietAveen the internal and external 
air, it will pass thi'ough a sandstone wall at the 
rate of 4 <*ubie ft. per hour per square yard ; 
througli a brick wall, 7 cubic ft; and through a 
unid wall, at the rate of 14 cubic ft. 

Forced Ventilation. In artificial or 
forced ventilation there is extraction or pro- 
pulsion of air b3* Jieat, steam, fans, etc. In 
iuin<*s then* is a large fire at the bottom of the 
iipeast shaft, or an exhaust fan at the top. A 
large hall often ventilates a house in the same 
way. In crow fled meetings and churches some 
such system is needed. The earliest illustration 
of artili(*ial ventilation is in n bee.-hive, where 
the air in the middle is kept remarkably pure. 

If is said that at the entrance some twenty 
bees ke(*p up a steady hum with their wings, 
whiith tlu*^'^ Hap Avithoul stopping in successive 
relays, ami this forces fresh air in. 

Schools must havfi Avarmed air and artificial 
ventilation on account of the small cubic space 
allowed, and tlie air is often changed without 
draught ten times instead of three times an hour. 

Of course, at present all ventilation is a volun- 
taiy matt(‘r, for air is the only food that man is 
alloAved to adulterate to any extent at will. 
There is no doubt that all efficient ventilation 
for the public must be self-acting, give no trouble, 
and require no care in adj ustment. On the whole, 
a AvindoAva little open at the top with, if pos- 
sible, something to direct the air upwards, and 
an o|x*n fireplace, are the simplest and best 
methods at pre,sent ; but it is quite possible 
that ere long, in fiats, a central furnace in the 
basement, kept up at a small cost, will be ar- 
ranged to supply through pipes fresh warmed 
air to* etich one, so that the rooms can be per- - 
fectly ventilated in the coldest weather. Venjbi- ' 
lation in sick-rooms is touched on in Home * 
Nursing in the section on Ill-Health. 
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By Professor SILVANUS P. THOMPSON 


Matter and Energy. Often ah it Inxs 
been said that wo aro profoundly ignorant of 
the nature of electricity itself, th(T(‘ is yet a great 
deal that we know" about it, and the attem])t 
must now be made to explain briefly what is 
known. 

Not many years ago it was sup])osed that tin* 
only kinds of things of tlK^rnselves in the j)hysieal 
Universe were two — matter and Mafter, 

that w'hich poHsess(is the fundamental pro])ertiert 
of mass (and therefore is heavy) and of inertia, 
and which, though its atoms are of some SO 
different kinds, called “ elements ’ by flit; 
chemist, is subject to a law of conservation — we 
can neither create it nor dost roy it. 'rhe quant ity 
of matter in the Universe ajjpears to be a fixed 
amount. Energy, that wdiich, acting on matter, 
manifests itstjlf in tlie various ]>hysical forces ; 
the kinetic energy of moving bodies, by virtue 
of which they can perform work; the potential 
energy of systems; bodies that have had tJudr 
configuration altered by doing work upon them ; 
the energy of heat, wliich is a mode of intt'rnal 
motion of tlie molecules in the mass, in whatever 
kind. Energy is likew'ise subj(‘ct to a law' of 
conservation — we can neither create nor destroy 
it ; but we can transform it from one species 
to another, and we can dissipate it into forms 
that are no longer available for doing work. 

Early Theories regarding Electricity. 
At the time when the doctrines of energy were 
being developed, it w'as thought that electricity 
itself was merely another mode of motion or 
form of Cinergy, just as heat is. Prior to that, 
electricity had been suppostid to be a sort of 
imponderable fluid — a weightless gas ; and 
magnetism had also been set down under 
similar categories. Both liad boon vaguely 
classed amongst the so-called “ forces of Nature.” 
But that term is unscientific, since the word 
force (unless qualified by some adjective, siicli 
as electromotive, to show that a non-mechanical 
effort is meant) in its precise signification is 
restricted to mean that wliich exerts either a 
mechanical push or a mechanical pull on matter. 
But electricity of itself is not a push or a pull on 
matter ; it is therefore not a force, neither is 
magnetism. But just as matter can be acted 
upon by energy, and become the vehicle for the 
manifestations of energy, so electricity can also 
be acted upon and become the vehicle for the 
manifestations of energy. In this respect 
electricity itself resembles matter. 

The Ether. There is, however, yet another 
thing-of-itself in the Universe, that mysterious 
medium whic^h fills all space between the stars, 
and apparently permeates also through all solid 
bodies. It is called the luminiferous ether, 


because wo i^annot conceive of the weaves of light 
coming to us from tlie sun or the stars unless 
tliey are weaves of soiiu' medium that stretches 
throughout intersU^llar space. And because the 
speed of ])r()j)agation of wavi'S in any elastic 
medium depends only on the elasticity (stillness) 
and density of that medium, and as the speed of 
light- waves is so enormous (1S(),(M)() miles per 
.second), w'(“ know' that tin* sliflness of the ether 
must be enormously great, for its density is 
marvellously small. It behaves in some respects 
lik<^ a jtdly of extreme rigidity, yet of extreme 
tensity also, being less dense than the very lightest 
gases, it us(‘d to bc^ debated whether the ether 
were not a kind of matter, a sort of gas, lighter 
than hydrogen. It also appears to lie subject 
to a law" of eonservjition — w(' can mother ereat(» 
it nor <k>stroy it. Moreover, liki' matter, it can 
a(^t as the vehicle of (‘iiergy. For light-waves 
ore a form of energy, and they ari' conveyed by 
the ether. 

The Electromagnetic Nature of Eight. 

Wheatstone, in 1834, measured the velocity with 
which an electric; impulse is jiropagatcd along 
a wire, and found it to b(‘ almost the same 
jw the speed of light. This, and certain other 
relations between tlie electric units of measure- 
ment, caused Ulerk-Maxw'ell, in 18G4, to pro- 
poiiml th(‘ tlieory that the waves of light are 
electromagnetic waves. He studied the laws of 
wave-motion as applied to electricity, and 
showed that tlicy would account for many ob- 
served facts ; for example, that glass and other 
traasparent solids are non-conductors of elec- 
tricity, and tliat the metals that possess electric 
conductivity an; opaque to light. Tlii.s theory 
was generally accepted by British physicists, 
who test(*d its truth in several ways ; but on the 
(Wtinent it was ^lot accepted until 1888, when 
Hertz had shown how to set up electromagnetic 
Avaves by the sudden oscillatory disidiargc of 
condensers, as explained on page 3898. An 
ele<;tTOTn ague tic wave is one in which there are 
ehictric displacements, wliitdi are propagated in 
space from oni* point to another, accompanied 
by magnetic displacements at right-angles to 
them. The main dilTerence between them and 
ordinary liglit-waves is in their size, for the Avaves 
of visible light are very minute, from 15 to 30 
millionths of an inch in length, while the Hertz 
Avaves may be from about half an inch up to 
several hundred feet in length. 

This identity of species betw^ecn light- waves 
and Hertz waves leads to the question whether 
the ether is itself of an electrical nature, since 
what the older physicists regarded as weaves of 
actual motion in the ether are exx)lainable as 
cleetroniagnetic waves. 
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Dual Aspect of Electricity* From 
a very early date it was recognised that when 
electrification was produced, by friction or other- 
wise, there were two kinds produced— a vitreous 
charge and a resinous charge. Thf» former wiw 
obtained on the surface of glass by rubbing it 
with silk ; the latter on resin or sealing-wax by 
nibbing it with flannel or fur. A charge of cither 
of tJiese kinds will attra(*t bits of paper, or straw', 
or a feather, or otluT light thing. But each 
kind apparently repels itself. Tims, if a rubbed 
gla.ss rod is hung up in a silk stirru)), and another 
nibbed glass rod is held near it. tlu* suspended 
one is rejielled. On the otluT hand, the* two 
opposite kinds attract one* another. Siin]>le* 
expe*riments about these re'latiems are re*adily 
pe*rforme*d w ith I he aiel of a gold-le-af ele*etrf>- 
seope [250], whieh e-onsisls of two j 

narrow strips of tjiiiine'st gold-]<‘at 
nie>imteel on a brass s(e‘in, wliieh 
is support e*d by being fixe*d in ( I 
• glass tube wliieh passes through a 
e*ork of parafKn w'ax in the te»]) 
of a glass jar. It is usual to tix — 
a brass plate on the top ot the ^ 

ele(‘trosce>pe. Suppose the* e*nd <>1 “ 

a warm glass tube to be* rubbe'd eui 
silk, and that the tube be then made to loiiedi the* 
])late. The tw'o gold lea\e^s imiiiedi.itely op(*ii 
out as though they re‘pelle*d eine* anotlie*!* ; anti 
when the glass rod is remen ed they will still 
i-emaiii sUjJitly divergent, beeausej part of tlu* 
e'harge from the glass remains in the* instrume*nt. 
Whe*n onee so ehavged, the* dilTe‘r(‘nee betwe‘e‘ii 
the^ twej kinds of ediarge is re‘Hdily observe*d, as 
follows. If the rubbed glass rod be again bremglit 
near without touching, the ge>ld l(*ave*s are* se‘e*n 
to open out more widely ; but if a rubbed slick 
of sealing-wax or otiier resinous boely be ^^irought 
near, the leaves are seen te> close up toward one 
another. If the gold-leaf e*lectroseope be dry 
and clean, so that the metal part is really well 
iirtulated, it will kee^p its e juirge* tor several 
hours, or even days. 

Positive and Negative. To aeeoinit 
for tliese facts several thi’ories were advanced. 
Jt was thought that there wen* two kinds of 
electricity, the vitreous being called 
(iertriritt/ and the resinous myalirt (Urtridtij, 
It was, howiiver, observed tliat when two things 
were rubbed together, if one became positive, 
the other always became negative ; also, that 
the amounts of the charges so produced w<*re 
always equal to one another, so that if allow (*d 
to discharge into one another they re-eombined 
and neutralised one another. This led to a 
tentative theory of the two fluids which could 
not be separated without doing some work tti 
pan them asunder. The two-tluid hypothesis in 
turn gave way to Franklin’s one-fluid theory, 
iw'cording to which, though electricity itself was 
regarded as a single fluid, distributed every- 
where, but neutral in its properties, whenever 
work was done hy moving it, so as to produce a 
surplus at on© place and leave a deficit at another, 
the sutplus and deficit at once showed those 
mpwrtieii pi attraction that had first led to the 
meovery of the existence of electricity The 


one doubt at tbjB time was whether 
or the resinous state was the surplus. 
concluded that the vitreous state was the 
surplus, and therefore called it positive. If the 
one-fluid theory be true at all, the resinous or 
negative state is, however, most probably the 
surplus. The main reason for this assertion is 
that a resinous charge is more readily dissipated 
than a vitreous of equal amount. According 
to the twx)-fliiid thc^oiy, a current is a double 
flow of positive electricity one way, and of 
m‘gati\c electricity the other way, along the 
wire. According to the Franklinian theory, the 
current flows only from positive to negative. 
The more ])robable theory is that if electricity 
is a fluid at all, the current consists of a flow of 
r(*.siiious elc<* tricity in the* ilirection from negative 
to positive. It is certain that in electrolysis 
there are two sets of — that is, eloctrically- 

<*hargcd atoms — whieli are propelled by the 
action of the current in opposite directions, the 
anions (such as chlorim* and oxygen) moving 
from n<*gative to positi\e, or up-stream; the 
katliions (such as liydrogi'ii and the metals) 
moving from jiositivi* to negative, or dowm- 
sl ream. 

Atomic Nature of Electricity. There 
is as mueli ri'a'-on to regard electricity as 
atomic as to rt‘gard matter as atomic — that 
is. Nature appears to have ordained that elec- 
tricity, whatt*ver it is, exists in certain definite 
very minute quantities of tlu* same magnitude, 
eacli of w’hieli cannot be subdivided into any 
Muallc*!* quantities. Tliis is, indeed, an inevitable 
infen*nee from Faraday’s discovery of the laws of 
electrolysis. Tluis, when liydrochloric acid, 
the molecules of w'hich consist of an atom of 
hydrogen combined with an atom of chlorine, is 
electrolysed, each inoJeeule splits up into two 
ions- namely, a hydrogen ion, consisting of a 
hydrogen atom ebarg(*d with a positive atomic 
charge of electricity, and a chlorine ion, con- 
sisting of a (‘hlorine atom carrying a negative 
atomic I'liarge of <*l(*etrieity. Now, the electro- 
chemical equivalents of the elements are known. 
To dissociate one gramme of hydrogen from 
chlorine requires fltktiOO coulombs of electricity to 
be passed through the elt*etrolyte. The physicist 
lias further concluded, from various other 
experiments, that 1 gramme of hydrogen con- 
tains no less than (that is 10 quadrillions) 
of atoms. It follow's that eaeli atom of hydrogen 
<*arri(*s a positive charge of 9*06 x 10 “*^^ of a 
coulomb ; and each atom of chlorine an equal 
rR*gativc charge. 

Electrons. This natural unit or atomic 
quantity of electricity has been called an electron. 
An ion is, therefore, an atom of matter combined 
or as^ociated w'ith an electron. Some atoms 
are, as the chemists say, divalent, and cany 
two electrons ; thus, the oxygen atom carrieB 
two negative electrons, ana the zinc atom 
carries two positive electron.s. When one atom 
of oxygen carrying two negative eleotrfmir 
combines with two atoms of hydrogem 
carrying one positive electron, there is primttced. 
one molecule of water. The electrons th^ atA 
known to us as associated with matteir* ' It k 
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certain for quite other reasons tliat negative 
electrons can exist by themselves. It is not so 
certain that a positive electron can exist by itself. 
Indeed, one view is that there are no positive 
electrons ; that a positive ion consists not of 
an atom' of matter plus a positive electron, 
but of an atom of matter that has got one 
negative electron too few associated with it. 
According to this view, wo can account for the 
production of eloctrilicatioii by friction as 
follows. When we rub two things together, if 
they are of different materials, one will jjart 
with its electrons moro readily than the other, 
so that when we rub one surface over the other, 
and part tliem, one will lose some of its electrons 
and the other will gain them, ’^riius, if wo rub 
celluloid with flann(;l, the Hannol loses some of 
its (negative) electrons and becomes positive, 
while the celluloid gains the (negative) electrons 
and becomes negative. If two pieces of the 
same substance be rubbed together tho gains 
and losses on each piec<^ are, on the average, 
alike, and no electrification of either piece is 
observed. But this is no longer true if tho two 
pieces are not in similar condition. Thus, 
rough glass becomes negative if rubbed on 
smooth glass ; and non-conducting substances 
when hot generally become positiv'e if rubbed 
on a cold i)icco of tho same substance. 

Blectric Stresses. If we rub glass on 
silk there is no sign of electrification shown until 
we separate them one from tho other, when wo 
find the surface of the glass is positive and that 
of the silk negative. Now, since a positive and 
a negative charge attract one another, it is 
obvious that we cannot di’aw them asunder 
without expending some energy in tho act. 
Where does this energy go to ? It certainly 
remains in the “system” — moaning by that 
term the two charged bodies and the medium 
between them — for it can be given back as 
work done when the two ehargt'd bodies run 
together again. Tho case is analogous to that 
of two bullets tied together by a short spiral 
spring or a piece of elastic indiarubber. When 
we separate them they aj)parcntly attra(;t one 
another back ; but the energy given to them in 
*j)ulling them apart resides not in the bullets, but 
in the strained medium that connects them. 
A closer analogy is afforded by tho miitual 
attraction between two magnet poles of opposite 
kinds, one north, one south. Now, in that case, 
as explained on page 560, we can follow up 
these actions, and can show that tho magnetic 
stresses follow certain curved linos through tho 
medium. In a precisely similar way it is 
possible to explore experimentally the space 
between two electrified bodies. 

Lines or Tubes of Electric Force. 
If we place a dry glass plate on a non-conducting 
table, and bring to touch it at two points two wires 
which are kept highly electrified by a suitable 
source, and then sprinkle between them certain 
powders, such as warm powdered tourmaline 
or cmtalliscd quinine powder, wo find that the 
powder arranges itself in more or loss defined 


linos, just as iron filings do in a magnetic field. 
Fig. 251 gives diagrammatical I y the curves of 
the' electric lines in an electric field of force 
. between a positive body, P, and 

\ J a negative body, N. The whole 

^ ^ intervening part of the medium 

/( • \ lu fact, in a state of stress, as 

( \ revealed by those eurves. Along 

251 there is a tension ; trans- 
verse to them there is a pressure ; 

with the result that those stresses in the medium 
tend to urge t he two ehargos ioAvard one another. 
But, considered from tho electron point of view, 
each “ charge ” consists of eltK*trons, as many 
positive electrons on one as negative on tho 
other, if tho eliarges bo equal. Tho stresses 
then in the medium may bo mappc'd out as 
curving lines — or, rather, as tubes — each of which 
terminates at one end at a ])ositivo electron, 
at tho other end on a negative electron. Two 
similarly clec’tritied bodies repel one another ; 
or, rather, tho stresses tend to urge them apart. 

Fig. 252 shows the tubes of elec- 
trit! force in the neighbourhood 
(^ ' of Uvo positively-charged bodies. 

■ In this ease the tubes have each 
one end on one of the positive 

252 charges, and their other end on 
tlie negative charge on the walls 

or other surrounding or neiglibouring conductor. 
Kv<uy atom, at any rate under ordinary condi- 
t ions, lias an electron tassociated Avitli it, and there- 
fore has an electric “ tube ” proceeding frpm it. 

Electrons and Conduction. While 
in a non-conductor or dielectric medium, such 


as air or glass, we can have a permanent state 
of electric stress between tAvo ehargos, this is 
not so in conductors ; for if we impart to any 
l#art of a conductor a charge, that charge in- 
stantly spreads through tho metal. When tho 
whole conductor has come to the same potential 
tho floAV ceases. Apparently, then, electrons 
can move frei^ly through the inetali?. According 
to this Anew, Avhen avo join a battery to a loo}) 
of Avire positi\^o electrons rush in at one ond 
and nogativo at the other, and the tubes which 
extend across tho space from a positive to a 
corresponding negative electron must rush 
along A\^ith the electrons, and finally collapse 
into the Avire as the electrons meet. In tho ciusi? 


of a telegraph wire stretched over the earth and 
connected doAvn to earth at tlio distant point, 
the current, on this vioAV, Avill consist of tho two 
electrifications traA'^elling along in companv 
from the battery and tOAvard the distant end, 
one travelling along the wire, the other travelling 
on the earth, Avith “ tubes ” stretching between 
them and also travelling along. Tho tubes 
which thus connect the ijositive and negative 
electrons swee^p through the dielectric ; and 
the energy path thus lies, not in tho conductor, 
but in tho intervening or surrounding medium. 


Note. In the diagram on page 3088, instead 
of charge read discharge, and instead of discharge 
read charge. 
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WATER SUPPLY 

Rainfall and its Measurements. Sources of Public Water 
Supply. Types of Wells Storage and Impounding Reservoirs 


PRP:LIMINARY to u study uf the j/reat 
^ subject of Wiitor Supply m* imu^t make 
ourselves familiar ^vith the approved methods 
of estimating rainfall. Evaporation from the 
Mca and the surfaces of land e.iuses air to iK'come 
laden with water vapour. On cooling, the water 
vapour condenses and forms mists and clouds. 
Ej^cessive condensation Icad^ to rain. Varia- 
tions of temperature and baionu‘tric pressure 
alter the capacity of the air tor retaining water 
vapour and mists. Rainfall is ineasured and 
reeo!*ded in terms ot tin* depth of \\al<‘r thext 
would Ik) caus(‘d if it weie colleeted on a tlat 
area, and assuming that no wati r could run on 
to it from an adjacent an‘a, and no e\aporaiion 
take place. 

The latii Mr. O. J. Symons may aptly l>e 
deserilwd as the j)ioneer of meteorology as far .is 
rainfall is concerned. He was the 
oiigin.ator of tin* Briti.sh Rainfall 
Organisation, now' carried on by l)i. 

Hugh Koliert Mill, at the Oamden 
Town Station in London. Tlic re- 
cords are published in a book caU<‘d 
“ British Rainfall,” and deal with 
about •l,t)(K) returns. 

The mean annual rainfall in 
England varies from about 2(1 inches 
to about KM) inches — the latter in 
the Lake “District. This, howevei, 
is far exceeded in ])laees abroad, 

;is, for instance, in (1u‘na Pungi, in 
Assam, wliere, in 180I, tlie rainfall 
was 80.*) ineJies, of A\hieJi ,*3tM> inches 
fell in July. Tiie mean annual lain- 
fall there is 5o9 inelies. 

Rain-gauges. The amount of 
rainfall is ascertained by rain- 
gauges, the most common Ix'ing the 
Snowdon [IJ. This eonsi^ts of a snow 

liross cylinder. A, which is sunk into ^ 

the ground, leaving the lij) about 
one foot above the surface. Inside tbi.s is a 
funnel, which collects the rain and leads it into 
a bottle resting on the bottom of tlie cylinder, 
the amount being measured daily by means of 
the graduated gla.ss, B. Tlic bottle holds about 
three inches of rain. If the rainfall exceeds this 
the excess is collected in the inner can. 

Various forms of self-i’ecording rain-gauges 
liave been invented, one of which is Xegretti & 
Zambra's [2]. The rain enters a eolle<*ting 
funnel, A, and runs into a tilting-biieket, B, 
divided into two equal parts, tipping over 
when *01 inch of rain has fallen. This ad- 
vances an escapement wheel one tooth, and 
by means of a perfect helix attached to this 
wheel, the long lever carrying a pen, as shown, 
until an inch of rain l^as fallen. When 
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ly uf the great Ibis point is reached, the lever falls to the other 

we mu;^t make end of the helix, and the recording pen runs 

[iproved methods back to zero, an^l lx*gins to record a second 

nation from the inch. The recording drum Is worked by clock - 

ises air to lK*eomc work, the chart being, divided into ’05 inch, 

cooling, the water and lasting a week. The escapement wheel is 

[nist.s and clouds. also divided into *01 ineli of rainfall, 

to rain. Varia- A later pattern of the machine is tlie Electrical 
omelrie pres.surc Self-Recording Rain-gauge, which is very 

>r retaining water similar to tin* above, and another gauge is 

is measured and Richard's Self-Recording Rain-gauge [3J. In 

111 of \\.il<‘r th.xt tie* latter a funnel leads the rain into a 

illeeted on a flat tilting bucket divided into two (‘qual parts. 

it(‘r could run on One of these compart ment.s being under the 

id no ev aporaiion funnel, when rain falls iho balance descends, 

a writing pen recording this motion on tJie 
IS may aptly l>e rt‘volving drum. Tlu* tipping of the first 

eorology as fur .is compartment e.ius(*s the second to place itst‘lf 

s the under the funnel. The filling and 

emptying of each eom})artment are 
alternately and automatically pro- 
duced, and to each of these double 
ojierations corresponds a rise and 
a hdl of the writing pen. 

In IlalliweH's Standard Self- 
Recording Rain-gauge, the rain 
fiom a receiver passes through a 
wide pipe to a cylinder, in which is 
a fioat, bearing a vertical rod, that 
raises or lowi'rs a sliding pen 
arrangement. An the w'ater accumu- 
lates, the float and pen rise, the 
latter recording continuously the 
rate of rainfall. Shortly before the 
j>f*n arrives at the top of the chart, 
the eylindi'r is c*mptied by a syphon 
arrangement, the pen returning to 
zero and starting registering again. 
The diameter of a rain-gauge 
1. SNOWDON RAIN should nev<*r be less than five 
into OAUOE inches. The late Mr. Symons ex- 
bout jK'rimented with gauges from one 

IiiMcle tbi.s is fi inch diameter up to six feet square, and 
and leads it into found them all agree within 5 jier cent., and 
i of the cylinder, (r*xcluding the very large ones, which cause 
aily by means of an excessive deposit of dew) the differences 
jttlo holds about arc generally within 2 per cent. Kain-gauges 
nfall exceeds this placed Jiigh above the ground collect loss rain 
iier can. owing to the high velocity of the wind causing 

ling rain-gauges an eddy over the opening, an instance of 
ieh is Xegretti & tliis lieing a gauge which collected inches 
ers a eolle<*ting on one of the towers of Westminster Abbey, 

I ting- bucket, B, 18 inches on a roof close by, and 23 inches on 
s, tipping over the ground. 

lien. This ad- Rules for Rain-gauging, It will be 
one tooth, and helpful to give the following abbreviated lUt of. 
ctitached to this the rules issued by Dr. Hugh I^bert tot 
a pen, as shown, the use of the observers all over the country 
as fallen. When who are taking records for hiim * / . 




SstUKSTiON OF Sits. — A lain^gauge shoulH be 
placed on a level piec^e of gvqund> and clear of 
all objects higher than itself. If an oiKin site 
cannot be obtained, the exposure 1o the south- 
west and north-east should always be free. The 
height above sea-level should be determined. 

Mountain and Moorland 
Sites. — Gauges should not be 
unduly exposed to the sweep of 
the i^dnd. A turf wall about two 
feet high, surrounding the gauge 
at from 6 to 10 feet distant, is 
recommended. 

Placing the (iaugk. — T he 
gauge should be firmly fixed so 
as to prevent tilting, and should 
be surrounded with short grass. 

Height above Ground.— T he 
funnel should be set exaetly l(*vel 
and one foot above ground, but 
never more than 1 ft. 0 in. 

Small Amounts. — If the gauge 
contains less than *01 of an nidi, 
but more than half that amount, 
it is entered as *01. If less, it is not counted. 

Snow. — To measure snow in a Snowdon gauge 
all that is necessary is to melt tlie snow in the 
funnel in front of a lire and measure tlie resulting 
water. To estimate by depth, take (he average 
depth over a consid»‘rable aitja, when onc-twelfth 
is the equivalent amount of rain. 

Mean Rainfall. In dealing with 
rainfall records, the latt* Mr. Symons 
established the nudhod of reduction 
to a percentage of fiu* mean fall as 
follows. Suppose a place has a mean 
annual fall of 30 inches, which is 
increased for one year to 40 inches, 

40 d- 30 1*3.3, or the fall for 

that year was 33. \ }ier cent, more 
than the mean. It may be well 
to explain that by mean or mean 
fall is meant the arithmetical 
average fall of any whole pei-iod 
or record. 

Rainfall Data. Sir 

Alexander Binnie has tabulated 
statistics [see table on next 
page] to show the probable 
maximum error in an 
estimate of mean annual 
rainfall (taken from a 
large number of records 
all over the w'orld) for 
periods of from one to 
thirty-five years. 

The Mean Annual 
Rainfall. Thus, if re- 
cords are available over _ , 

a period of ten years, the 3. rkhabd s 

error in estimating the mean annual rainfall 
Is not likely to exceed 8*22 per cent. 

Engineers generally agree that the thtee driest 
years would yield one-sixth less than the mean, 
iho late Mr, Symons, after careful investigation, 
it one-fifth or 80 per cent, of the mean. 
For the British Isles Dr. Mill anticipated that 
the wettest ^ar would exceed the average by 
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43 per cent., and that the dtiest would fall below 
it by 29 per cent. Sir Alexander Binnie made 
these figures 45 per cent, and *24 per cent, 
respectively. 

Gauging for Waterworks. When, how- , 
over, an engineer has to deal with watersheds 
for waterworks purposes, where the 
xrea is limited, more accurate infor- 
mation than the above is required, 
and the question of the flow off the 
area for very mucli shorter periods 
must b(‘ taken into consideration on 
aeeount of the fact that the rainfall 
relied on for lilling storage reservoirs 
falls chiefly in the winter months. 
This being the case, it is obvious that 
the season of tlic year plays a very 
ini])orlant part, and, together with 
the falls over short periods, requires 
careful study. Also a greater 
number of gauges art* necessary in 
ordtT to gfit accuracy, as it has 
lsM‘ii found that in small areas 
gauges placed in different positions 
in a valley gav(‘ quite different results. 

The rati* at which rain falls and flows oft’ the 
ground is a point which should always be kept 
in mind when taking rainfall figures into con- 
sideration, as this afh'cts the question of waste 
weirs for reservoirs, and docs not a])pear when 
taking the average of a whole year. 

The Available Rainfall. The 
question of the amount of the rainfall 
that will flow off a catchment area — 
called the available rainfall — will 
depend very largt'ly on the geological 
formation ot that area. Tlic available 
rainfall is that quantity which could 
1)0 us(‘d for water .supply purposes 
after deducting Uie loss due to evapora- 
tion. absorption, and percolation. 

Water, after falling on the 
surface of the ground, tends to 
percolate into the soil, the 
amoiirit of this percolation de- 
pending on the character of the 
strata, or its capacity to absorb 
moisture, and on the 
natu**al sloi>e of the 
ground. The greater the 
slojxj the larger the quan- 
tity that will run off to 
feed the w^atercoursos to 
whicli all surface w'ater 
iiltimat(‘ly arrives. The 
rain passes through the 
soil for a certain depth 
until it comes to the 
natural surfixee of satura- 
tion ; from thence it will 
follow the line of underground flow, this line 
depending on the resistance of the strata 
The percolation may be permanent, in w^hich 
case it is entirely lost as far as that particular 
watershed area is concerned, or it may be 
temporary, when it will sink below’, and, 
after travelling underground, will issue in the 
form of sprjngs at a lower level, and join 
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Pfreentage of ileviatioii of the mean 
aimiiiil rainfall of the perioel from 

P«-ri(>*l of 

the true* mean nuniial minfall. 

rrcortlM - 



in yt-ur.i. 

A ho\'o 

lielow 


Pt-r e-e-tit. 

Per ee*nt. 

1 

r,i 

40 

2 

[I't 

;n 

3 

J 1 !».l 

14-93 

10 


S-22 

l."» 


4-7.‘i 

20 

;i-24 

3-21 

Tjo 

‘2 -20 

2-20 

3.> 

1 •7h 

1-7S * 


the same stream that is f{‘(l fixim tlie surface 
water. An illustration of this occurred in a 
(!ase in which tlu^ writer was (‘ri^agcul, wlicre 
a fault in the strata coiiijH‘lh‘<l the wat<‘r to 
issue in the form of a spring about half a 
mile Ix'low where it had l)ecu inteml<‘d to plac<‘ 
a dam for impounding purposes, whereby only 
about half the estimated available rainfall 
would have b<^en available. 

The most accurate way to arrive at tlu^ avail- 
able quantity is to gauge the stream, and then, 
by directly comparing the (piantity flowing with 
the quantity that has fallen and Imhmi colU'ctcd 
in rain gauges, the amount of th(‘ loss hy the 
b(‘foro-mi'ntioTi(‘d caus(‘s can be estimated. Some 
close approximation ean be made to tlu* afiiount 
by a comparatively short pcriotl of gauging, if a 
long record of rainfall gaugings Iw available ; 
but it must ahvays Im? borne in mind that the 
heavy falls over short periods are more important 
than averages for this jmrpose, and also that 
the condition of the ground when the rainfall 
takes place, whether after a drought or not, 
materially affects the ixMcolation. 

Percolation. The question of percolation 
has received considerable att<*ntion at ditlerent 
times, and expr^riments hav(‘ Ix'en made* with 
what are called percolation gauges to see the 
results with various soils. Percolation at one 
period may have an influence on springs for 
months. 

A w'ct winter will give abundant springs in the 
following autumn, but if that be followed by a 
dry winter the latter will obliterate the effect of 
the previous wet winter. 

In summer there is no percolation as a rule. 
The records fj*om |xjrcolating gauges are usually 
divided up in lialf- yearly periods of summer and 
winter. The figures given in tJie table in next 
column for percolating gauges were "giv’cn in 
“British Kainfall.‘* 

^Vn examination of these figures shows that 
the |iercolation varies considerably w'ith the 
tw’O sets of gauges, indicating that percolation 
gauges do not give so rt'liable results as river 
gaugings; w'hich atford the data required by 
engineers, and are far more useful, although 
more difficult to observe. 

AlMOrption. If the w^atershed be hilly 
and the surface only slightly absorl>ent, there 
the ; minimum absorption, and, the area 


having a sloping surface, the rainfall passes 
to the streams with the least evaporation. 
If the area he flat, with a pervious soil, 
the bulk of the rainfall passes underground. 
If the soil be clayey instead of absorbent, 
the maximum loss by evaporation takes place. 
If the surface of the gathering ground be 
wooded, it affects the amount lost by evapora- 
tion, and the rate at which the rainfall passes 
off to the streams, as large quantities are 
retained by the trees which shelter the surface 
from the sun’s rays. If such an area were 
cleared of timl)er, the rainfall would i)ass more 
ra])idly to the streams. In Humboldt’s 
“ Cosmos ” the author describes an interesting 
case bearing on this, of the effect of clearing 
forests in one of the countries that he visited. 

Evaporation. The evaporation in this 
country is generally taken at between 12 and 16 
inches. At Nagpur, in India, the evaporation 
w'as found to be 4 feet in 272 days of dry 
weather, while from the large reservoirs sup- 
plying Manchester it lias been found to roach 
one-tenth of an inch per day in times of 
drought. The following arc; some figures on 
evaporation from open reservoirs in America: 

Af Ojidi-nshiuK (Now York) , . . . 4if4" per anuum 

,, Synu iiho (I'.S.A.) .''.(>•‘2" ,, 

,, Salem ,, . . . . . . ,, 

„ Caiulukltfo ,, r»({ 0" „ 

Dew Ponds. Under certain conditions 
evaporation ceases, and water is condensed on 
the surface of reservoirs. On Salisbury Plain, 
and other elevated districts on the chalk forma- 
tion, small ponds called “dew ponds” arc con- 
structed on the tops of the hills where little 
or no surface watxu’ can run into them, yet 
a small sufqily of water is obtained, owing 
to the very heavy dew arising from the con- 
densation of the vapour which is evaporated from 
the surface of llie chalk. 


AT APSLEY MILLS, UEMKL HEMPSTEAD. 


Summer. 

Winter. 

Year. 

Kain 

1*2 -S-V' 

13*51" 

20*06" 

IVn-olation (3 ft. wand). . 
Evaporation 

3*91 

8*04 

]2-5.5 

0-90 

10*46 

0*00 

3'-,*J" <»f chalk Pere-ulatioii 1*83 

Evaporation ^ 10*7*2 

10*42 

3*09 

i 

12*25 

13*81 

3'-3" of <*Hr(h PorcolatHUi 1*.'>4 

Evaixjratioii ! 11*01 

11*21 

2*80 

12*76 

13*81 


The Nash ^lills gauges gave as follows : 

a ft. (»f e-ha Ik rcrcolttlloii . . 10* 05 

Evaponitihn 17*19 


a ft. (»f e-ha Ik rcrcolttlloii . . 10*05 

Evaponitihn 17*19 

EninfaU 27*84 

' .‘1 ft. of eartli Percolation . . 6*52 

Evaixjratioii 21*32 

Itniiifall 27*84 


In all schemes for the utilisation of the rain- 
fall it is necessary to take into consideration 
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■ periods of drought ; ^ and in estimating the 
yield from a gathering ground the quantity 
to be relied on is based on the available rainfall 
over the three consecutive driest years. The 
term drought can be regarded only as a relative 
term. The late Mr. Symons has suggested 
these definitions ; 

Absolute Droughts. — Periods of 14 or more 
consecutive days absolutely without rain. 

Partial Droughts. — Periods of 28 or more 
consecutive days in which the total rainfall does 
not exceed 0*25 in. 

Long Droughts. — Periotls of not less than 
60 days with a total rainfall of less than 2 in. 

Storage. The yield from gathering grounds 
in times of drought is of extn^me importanc<‘, 
as the question of providing storage directly 
depends on it. 

Some engineers provide storage for 200 to 250 
days’ supply, and rely on one-third or one-fourth 
of a cubic foot per second during the drought 
from each 1,000 acres of gathering ground. 

The following formula for finding tlie numbei 
of days’ drought to la*, provided for was employed 
by the late Mr. T. Hawksley : 

um 

Nnuibei* of days drouj^ht = ** / available ruInfalT 
of 3 dry years. 


inches of demand per annum, a curved line can 
be drawn, giving the storage required for any 
rate of demand. 

Water Supply in Towns. The amount of 
water required for the supply of a town depends 
on several considerations, one important factor 
being the extent to which it is wanted for 
manufacturing or trade purposes. For ordi- 
nary domes tie use about 10 gallons per head 
per day will sufliee provided there be no 
avoidable waste. Provision has to be made for 
gardens, stiibles, manufactories, public baths 
and washhouses, street watering, sewer flushing, 
fire extinction, etc. For llu'sei requirements 
another 10 gallons per head per day has to l)e 
provided. Where town does not require 
water for trade purposes, 25 gallons j)er head per 
day should be a safe calculation. The following 
data may ht? given to illustrate this. Bristol 
has a eonsutnptioii of about 22 gallons per head 
per day, which is ample, whereas GlasgoAv has 
about .50 gallons per head per day, of which 
19 gallons are for trade purposes, tJi(‘ re- 
maining :U gallons being for domestie supply 
and for public purposes. The (Glasgow water 
being soft (having only one degree of hardness), 
the minimum of soap and the maximum of 
water are used, whiles the charge for water for 
non-domestic pur]>()ses is only 4d. per 1,000 


The rt‘lation between the size of the gathering 
ground and the amount of storage reijuired is 
one of the lirst considerations. Jf the demand 
is small compared with the average yield of the 
gathering ground, the amount of storage may 
be small, or nothing at all. The exact amount 
of storage that is required to maintain a certain 
supply from any river can be best determined 
graphically, if gaugings are available throughout 
the period of greatest drought. Fig. 4 shows how 
this can be done. 

The vertical scale repi'esents the discharge of 
the river expressed (preferably) in inches of rain 
over the whole gathering ground, and the 
horizontal scale represents time in months and 
years. The results of gaugings arc plotted in a 
cumulative line, s)i owing the total discharge from 
the beginning up to any date. From the sum- 
mits of the discharge, line straight lines are drawn 
(dotted in diagram) at a slope corresponding to 
the demand in inches of rain i)er month. These 
demand lines will bridge over the 
depressipns (representing droughts) 
and cut the disc.harge line again if 
it rises rapidly enough after a 
drought. The gi’eatest vertical dis- 
tance between the discharge line and 
the demand line gives the exact 
measui’e of the storage capacity that 
is required to meet the demand 
throughout the drought in question. 

If the demand lino is on the same, 
or on a flatter slope than the flattest 
part of the discharge line, no storage 
& necessary. If a second diagram 
isnj^otted with a vertical scale re- 
IB^aenting inches of storage required, 

(^d a hori9K>ll^l scale representing 


gallons. 

At Bristol, on the other liand, the water has 
22 degrees of Im-rdness, which moans much soap 
and littU^ water for washing purposes, and the cost 
for non-domestic water is from hd. to Is. Od. 
per 1 ,000 gallons. Residential cities like London, 
Edinburgh, and Dublin take about 33 gallons per 
hc*ad in the first-named to 38 gallons in the other 
two. Of (he manuftwauring towns, Liverpool 
takes about 30 gallons, Manchester 28 gallons. 
Belfast 35 gallons, Dundee 48 gallons, and 
Alxudccn 43 gallons. The consumption for 
domestic purposes is increased in a town where 
a three gallon fli»sh for 
water-closets is allowed, as 
distinguished from a town 
Avhere not more that two 
gallons arc )>eiY7iitted. 

Tn eonsidering distribu- 
iio'ii, it is im- 
port a n t to 
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remomlxjr that the consumption of water is 
not uniform throughout the day, as great fluctua- 
tions occur at different hours of the day and 
at different times of the year. 

Sources of Water Supply. An urban 
or rural district having to be supplied with Avater, 
the tinst thing to consider is the possible sources, 
having regard to the quantity required and the 
cost of the works involved. These ran be defined 
as consisting of either gravitation or pumping 
M'orks, the former enabling tlie water to be 
collected from surface sources (such as streams 
receiving the rainfall flowing off what ore 
known as gathering gronnif^i, ratehmenl areas., 
or water fiheds)y the last mentioned ineluding 
Avatcr raised by pumps from a stream to a 
reservoir at a higlu'r i(^v<*l, or water rais(‘d 
from an underground source to a similar storage 
reservoir, or to a Avater Ioavcm* tumbling the 
necessary liead or }>r(‘ssnic to Ix" obtained in the 
distributing pipt's throughout the area of supply 
to reach the highest buildings. 

Underground Sources. If th(> Avater 
from an underground source lias to bo utilised 
by sinking a Avt'll, it must be remembtred 
that the JoAvest Avater leAcl in a dt'cp Avell in 
this country usually occurs in tlu* autumn, 
and the most rapid rise occurs in Febniary. 
In selecting the spot for sinking a Avell, it is 
necessary to examine carefully the surrounding 
district, and to form a clear idea of the* physical 
and geological conditions, so tliat the aa'cII 
may be sunk at a fioint Avher<» the dip of 
the strata which an* Avater-bearing Avill bring 
the Avater toAvards the av(‘ 1I. The dejith to 
which a well lias to b(5 sunk to ensure the 
requisite supply involves a study of the area of 
the underground Avater that can bo draAvn to (ho 
jiumps at the bottom of the level. At the 
bottom of a well a chamber can be made or 
adits driven to store water. This enables the 
pumps to bo at work only daring ordinary hours, 
as they arc made poAverful enough to deal both 
Ai'ith the regular Aoav to the Avell and Avitli the 
increased volume due to storage. 

Inverted Cone. The effect of pumping 
is to produce what is knoAvii as a curved cone 
ol depression, or inverted cone, due to the resist- 
ance of the water passing tlirougli the strata 
from the higher Avater-levt'l around to the 
lower level of the punqis. 'fo assist tlie jias- 
sage of the surrounding Avatev to the pumps, 
adits are often driven from the bottom of 
the AA^ell. These intc*reept fissures in the strata, 
thus tapping large A’oluines of Avater. 

The effect of Avithdrawing Avater from its 
underground stores by punqiing from deep Avells 
is often attended AAuth the loAvering of the water- 
level over large areas, thus involving the loss of 
water in wells which had hitherto afforded the 
supply needed for domestic or trade purposes. 
Where Avatar floAvs in a defined channel, as in a 
stream, or from a spring, its abstraction invol \^08 
compensation to those Avho are entitled to 
utilise it. If, hoAvcver, water flows through 
wndergrounji strata, the Courts Jiave held that 
thejre is n<wgal title to it, as it cannot bo identi* 
deditirTh^nhabitants of a district may, there- 


fore, be deprived of their Avater supply if their 
wells are on the before-mention^ cone of 
depression. By adding lithia to water, a very 
definite and well recognised effect is produced 
in the spectrosoope, by which water can bo 
identified, and the Avriter succeeded in doing so 
in a ease Avhen» water Av’as abstracted from a 
stream by laying drain-pipes in a field adjoining, 
and thus enticing (as it is termed) the water 
from the stream without oontpensating the 
riparian owners. 

Temperature of Well Water. The 

tenqicrature of Avater from Avolls and bore- 
holes is 52 ’ F., at a def)th of 100 ft. ; 59° F. at 
a depth of 500 ft. ; flS ' F. at a depth of 1,000 ft. ; 
7fl ’ F. at a depth of 1,500 ft., and so increasing 
Avith the de])th. For the supply of a toAvn, a 
temperatuie of from 52"^ F. to 55^^ F. is desirable. 

Classification of Wells. Wells are 
classed as (1) shallow Avells, (2) subsoil wells, 
and (fl) deep wells. The first, intended to 
siqqfly adjoining AvaTits, are ahvays liable to 
pollution from surface Avatiu*, derived fi’om the 
lioii.ses, farms, or cultivated land. The second 
deri\^c their supply from a greater depth, and 
pollution can be avoided if tlu^ avcII is built with 
briclcAvork in ctunent, surrounded by a layer of 
clay puddli*, until it lias been carried through 
the pervious surface soil, to prevent pollutt^d 
Avater p(*rcolating to the level Avhonco the supply 
is draAvn. The top of the well should be carried 
a few fi‘<*t above the ground, and covered. The 
third is sunk to reach water-bearing strata at a 
dcjitli from the surface* Avliere the water would be 
free from organic ))ollution, unless, in very 
exeejitional (‘ases, a fissure in the strata brings 
polluted surface Avater to the deep-level water. 

Artesian Well. An artesian well is one 
that- is sunk to a sour(*e of supply which is 
fed by Avater tloAving from a liigher level 
than the to]) of the Avell, so that when the 
source is reai'lied the w^at-er flows from the top 
of the well at a greater or less height, accord- 
ing to the licad of water acting on the 
column. The size of the tube in this case 
gOA^erns the supply of water, as the quantity 
that can be discharged depends upon WTll-known 
hydraulic rules, the factors being the diameter, 
length, and roughness of the tube, and the head 
or jiressure of water. 

Tubbing. Cast-iron cylinders bolted up 
in segments and called tubbing are often 
cunployed as the lining of a large well. The 
first part of the cylinder has a cutting edge 
at the bottom of it, so that as the ground is 
excavated the cylinder sinks by the weight 
of the irouAvork alone, aided, if necessary, 
by a temporary Aveight. A timber framing is 
used during the execution of the first 20 ft. of 
(ho Avork, to keep the cylinder vertical. If the 
W'ork be in water-bearing strata, compressed air 
can be used to prevent the water rising and 
interfering with the men excavating, the well 
being made airtight for that purpose. 

Wells Through Rock, In sinking large 
wells through rock, blasting has to be resorted 
to, on the small shot system, the object being 
to remove as much stuff with the fewest shots. 
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the holes for which are generally not drilled .Capacity for Reservoirs. In deter- 
nearer to the side than about 12 in. As the mining the capacity required for an impound- 

tdr gets fouled at about 30 ft. below the surface, ing reservoir, the engineer has to consider 

a change of air is necessary, and this is effected what compensation has to be provided for 

by carrying a tube down the sidb, attached those who have the legal right to the use 

to a fan on the surface. * of the water flowing in the stream cither for 

Boring large wells through rock can be done by agricultural or other riparian piir].>oses, or for 

employing rods to which is attached a wrought- power in working mills by waterwheels or 

iron crosshead, with wrought-iron chisels, having turbines. Although the users of streams are 

steel points. *This tool is raised by a cable, often lK*netited by the conservation of water 

which is coiled round a drum on the surface, and in a storage reservoir, by which occasional 

which enables the tool to be lific^d and dropped floods lower down the river arc prevented 

quickly. During the operation its position is or mitigated, yet, in practice, the engineer has 

changed by a rotary motion. If the boring l)e a to deal with compensation Avatcr. To solve all 

small one, only a single chisel is used. The the problems that have been indicated requires 

diamond drill [see page 2069] enables a solid core careful observation, skill, and experience, 
to be extracted. In dealing with th<* conservation of water 

Tube Wells. Tube wells are a convenient from gathering grounds the question of quality 

and cheap way of sinking through ground and purity, well as of (piantity, is a factor, 

that is not rocky, to ascertain the level of These will ho touched on later, 

underground water, and to obtain either a The better conservation of the rainfall of this 
temporary snpjily (as for a camp), or a |)ermanent country is a national question, and demands 

supply. The method of carrying out the work at this time careful consideration. The popula- 

is by driving tubes screw^ed together in lengths, lion increases, hut the water which is available 

the screwed joints keeping out surface water. for their requiremtuits does not increase', and 

As one length is driven, another is screwed to every year ihert*. arises a struggle for w'atei’sheds 

the top of it and (he sinking proceeds, the from whicli to obtain the supply for the needs 

driving powder being obtained by dropping a of the great communities centred in our tow'ns, 

weight from shear legs on the top, as in pile- while the populations in villages too often 

driving. The material inside the tube is depend upon shallow wells, which are liable to 

removed by a shell pump, or (jylinder, divided pollution. An ideal state of things would he 

into compartments, each having a valve through realised had (ho whole country been niap])ed 

which the debris passes into the pump, whicJi out into wat(^rshed clistric^ts under a l)(^partmcnt 

is smaller than the hole, and is lowered by a of State, by which a careful study of the physical 

rope, and after being lifted and dropped a few geograpJiy and of the hydrogeologicuil conditions 
times, it gets filled, when it is raised and cnijiticd. of the country would have led to a more equitable 
Storage and Impounding Reservoirs. syslemalit; utilisation of the rainfall than 

We shall now consider the question of pro- hitherto obtained. The rivers and w’^ater- 

viding the water supply of a town by storing it sheds could then have been utilised on some 

in a reservoir of suflicient capacity to i^rovidc deflnite system to ensure the conservation of 

for the possible contingency of droughts. The w'ater, and to avoid the appropriation of 

supply may b<^ either from a stream or from a important gathering grounds for small purposes, 
river at a low level, involving the pumping Storage of Flood Water. The uiilisa- 
of the water to a storage reservoir situated tion of the excess water in wet seasons to 

high enough to afford the necessary pressure meet the defleioncies in diy seasons can he 

to reach the highest parts of the district, or it accomplished only by the construclion of im- 

may be by impounding the water in a river pounding reservoirs, in wdiich flood waters may 

supplied from an adjoining watershed by the he stored, with the double advantages of mitigat- 

construction of a dam of earthwork, masonry, ing the effects of floods and of better adjusting 

or concrete across the valley in which the river the balance between supply and demand, 

flows. To meet the requirements of the district In considering the question of conserving 
it is essential that the capacity of the reservoir, flood waU'r for town sujiply, flood water was, 

governed by the height of the dam, and by until leceiitly, objected to, as it was under the 

the amount of water that can he impounded, ban. of being polluted. The report of Lord 

should be sufficient to meet the exceptional LlandalT’s Commission, in 1899, on London water 

needs of periods of drought. - It is also necessary removed this ban as it stated that “ no restriction 

to make trial borings over the whole site of need bo placed on taking flood waters,'’ and also, 

the proposed reservoir to ascertain that there “ it would present a double advantage — the cost 

are no strata through which the water can of pumping to store would saved, and it 
percolate and be lost underground. Levels would possible to take much more water into 

must be taken across the valley and trial holes, the reservoir when the river is full, as the intake 

or trial shafts, made along the line of the pro- wouldnot he limited by the capacity of the pumps, 

posed embankment or dam, the line being . which cannot deal with more than a fraction 
settled upon these results. of the water passing down at times of flood.” 

Contimied 
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popular* Men of the following trades are en- 
listed as sappers, and approximate in rank 
to infantry privates: Balloonists, blacksmiths, 
boatbuilders, boatmen, boilermakers, brick- 
layers, cabinetmakers, carpenters, coppersmiths, 
coopers, divers, electricians, engine drivers and 
makers, farriers and shoeingsmiths, litters, 
gosfitters, harness makers, instrument repairers, 
joiners, masons, metal turners, moulders, painters, 
paperhangers, pattern makers, plasterers, plum- 
bers, riveters, sawyer’s, shipwrights, slaters, 
tinsmiths, wheelwrights, whitesmiths, wood 
turners, and a few men of other trades sucli as 
architects, clerks, photographers, printers, tailors, 
telegraphists. Any man who is a good crafts- 
man in •these trades will find a niche in the 
Engineers. A few drivers are also required. 
Telegraphists and men conversant with railway 
work are -welcomed in the Reserv(‘. 

Before being accepted the recruit has to 
satisfy the authorities that he is a good work- 
man. This may be done cither by prodiicing 
a certificate from his employer oi’ by trial in a 
military workshop. Men arc rated and paid 
according to their abilities, and those wliose 
trade qualiHeat ions do not come up to standard 
are classed as “ labourers.” On improvement 
they are promoted to a higher class of pay. 

Pay for Engineers. It may be well to 
state briefly the system of payment in the 
Engineers. There are sisvt’ii rates of Engineer 
pay, as follow^s : 

s. d. 


1st Rate 
2nd „ 
3rd „ 
4tli „ 
5th „ 
6th ., 
7th „ 


2 0 per day 

1 « 

1 4 

1 0 „ 

0 8 „ 

0 6 
0 4 


Every recruit on being dismissed from in- 
struetion in field works, or whatevei' branch of the 
Service he may be attached to, begins to earn 
Engineer pay at one of these rates in addition 
to his daily pay. Before ho can be promoted 
the Engineer must be proficient at his trade, 
whether it be bridging, survey, telegraphy, or 
what not. He will find in this self-contained 
corps instructors of all sorts to assist him, and 
the smart man is soon picked out for promotion 
to acting corporal. From acting corporal 
lie rises through second corporal to corporal, 
just as does the infantryman, and his work will 
increase in importance and interest as ho g«jes 
on ; till, on passing the educational examination 
outlined previously, and on giving proof of 
efficiency in his trade he reaches the rank first 
of sergeant, then of company sergeant-major, 
or of quartermaster -sergeant. He will find as he 
gets on that there are billets for warrant officers, 
such as instructoi’ships at the depots, on the 
staffs of the regimental districts, and at the 
Record and Survey Department at the War 
Office, at home and abroad, that carry with 
them excellent pay. At the end of his service, 
too, he is nearly sure of obtaining employment 
a civilian capacity, thanks to the admirable 
aining he’' has receivt^ in the corps. 


Army Service Corps. The Army Service 
Corps is another skilled corps to which tradesmen 
will naturally turn. Its duties arc the supply of 
the Army with necessaries, and it thereforo in- 
vites workmen belonging to the following trades ; 
Bakers and confectioners, butchers, cavpentoi’s, 
clerks, coopers, farriers, saddlers and collar and 
harness makers, shoeing and jobbing smiths, 
tailors, engine di’ivers and makers, fitters, 
gasfittors, metal turners, moulders, plumbers, 
riveters, metal shipwiights, tinsmiths, and 
whitesmiths. When the men are accepted they 
must show’ their knowledge of their trade, anil 
when they hav(^ completed their military training 
they are employed at their special trade as far 
as possible. Promotion is rapid, owing to the 
large proportion of N.C.O.'s required for respon- 
sible positions in tlu^ corps, and at tlie end of 
their period of .-wrviee cniployiuent is generally 
not far to seek. 

Army Ordnance Corps. In the Army 
Ordnance Corps there are w'anted carriage 
smiths, clerks, collar maki^rs, coopers, fitti^rs, 
labourers, saddlers, sail makers, smiths, and 
wheelers. After three months’ drill and 
instruction tliose wlio pass the trade test are 
employed at their particular calling. The 
corps is a small one, whose duties are the pro- 
vision of arms and ammunition, equipment, 
stores for barracks, eti?., and the n‘pair of artieh^s 
returned to ston*. Since over 40 per cent, are 
w'arrant or non-commissioned oflieers, it will 
be seen t hat; tht‘ opportunities to the skilled man 
are very great. The armourer section forms 
a notable feature of the corps. To enter it 
a man must be a qualified gunsmith, and after 
undergoing a course at the small arms factory 
lie is promoted at; a bound to armourer-sergeant, 
and generally att ju’hed to a body of troops to take 
(diarge of the anus and their repair. The 
machinery artificer section consists of qualified 
fitters and watch makei’s, wliostj duties are the 
examination and repaii- of gun mountings and 
instill iiK’iits. Candidates for this section on 
giving proof of their expert ness are promoted 
iimnediately on erilistrncnt . 

There is no prospect of rising bej^ond the rank 
of w^arrant officer, but the pay of the corps 
is so good that it attracts many skilled men 
who prefer the certainty of the Army to the 
uncertainties of civil life. 

Medical Corps. The Royal Army Medical 
C’orps is for the care of the wounded in the 
field and for the care of the sick in peace 
time. For men who have a liking for the 
work there are good openings, inasmuch as 
there is a very largo proportion of N.C.O.’s 
to privates — about one in four. After being 
dismissed from the preliminary instruction 
recruits are poshid to the various branches of 
the corps — to the nursing, clerical, cooking, or 
general staff, where they learn the duties they 
will have to carry out in the field. In addition 
to the regimental pay there is co^s iiay, 
corresponding to the Engineer pay;^’ On being 
reported qualified in their duties recruits begin 
to draw their corps pay, ranging from 5th rate 
for third-class orderlies of the nursing section 
^ 4031 
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and privates of the general duty section (4d. 
per day) to 1st rate fqr sergeants and lance- 
sergeants of the nursing and cooking sections 
(Is. j)cr day). The work in peace time is light 

i) nt unexciling, and since promotion is rapid, 
there is a stcwidy How of recruits to the corps. 
Oil retinunent then* is a good chance of obtaining 
employment in hos])ita]s, asylums, j^risons, and 
other public institutions. Tliere is, however, 
no chance of rising abov(’! warrant rank. Tlie 
regimental jiay is slightly better than that of 
the Jnfantiy of the Line, ranging from Is. ‘2d. 
per day for a private on (uilistineut to 2s. 8d. 
per day for a s<u'geant. Quartci niaster'Sergeants 
get 4s. 6d. }>ei* day. 

Boys. A smail numbt‘r of boys are required 
in the Army for .service as bugkTs, truiup<‘ters. 
drummers or musieiaiis. 4’lu‘v must be between 
14 and 10 (unless from the Oordon Boys’ I feme, 
where they have been trained as musicians or 
in some trade ; or buys for the Royal Artillery, 
wluai th(^ ago limit is (‘x tended to 17), and the 
consent of a panait or guardian is uee(“ssary. 
At the age of IS tlu‘y become availalile for 
service in the ranks, and procan^d as do other 
. soldiers. 

Discharge and Pensions. Should a 
soldier within three months of his joining tlu* 
Army desire to leave the i\rruy, lit* may pur- 
chase bis discharge for a payment of JClO. 
After that time it will cost Jiim £1H. Should 
ho have served thret* years and have bt'cii trans- 
ferred to the Army Reservt* the sum inerease.s 
to £2“). 

At the end of 12 years’ servioe with the Army 
and the Reserve a man is given a free diseliargt* 
with n gratuity of £1 for (‘very year served, with 
a maximum gratuity of £12. But tl>e soldier 
wliom we have been advising Atill re-engage 
after 12 years for anoth(*r nine years to eom- 

j) l(!te his time for a jiension, and on leaving he 
receives a jiension e.eeording to his rank r..nd 
the length of time ht* Jield it before discharge. 
Warrant otHeers and non-commissioned offie(*rs 
are divided into classes according to the time 
served in their rank and their (pialiheations : 
Warrant otlioers, .‘Is. to .'>s. a day ; non-com- 
missioned olhccrs. Is. .‘Id. to lis. (kl. per day ; 
and privates, 8d. to Is. Cd. per day. Staviet* 
beyond 21 years brings with it Id. a day for 
the higher classes and id. a day for the lower 
classes, with a maximum addition of l)d. and od. 


respectively. For wounds or injuries contracted 
in the country’s service pensions are given on 
the mari’s discharge, varying between 6d. and 
tin. (id. a day, according to rank and the extent 
of the injury, (lood conduct medals carry 
with them a gratuity of £5 on discharge, and 
the Victoria Cross a pension of £10 a year. An 
important (question before a man nearing the 
end of his service is : “ What can I do when T 
return to civil life ‘C’ For a really good man 
Avho lias been popular with his officers there is 
often some position of trust to be obtained by 
Ids commanding officer's influence. Should this 
privileged avenue fail, (Government employment 
is otfered to discharged soldiers in the Post 
Office, tlu^ Koyal Arsenal, Army Clothing and 
other Cov(‘rnnu‘nt departments. The police 
fore(‘, the Commissionaires, and the staff of 
Park Rangers are also favourite outlets for 
ex-sohliers. 1’liere is a A^at ional Association foi* 
the Employment of Rest^rve and Distdiarged 
Soldiers, wheit* men may register their names 
for civil (‘mploymcnl, and it is evident that the 
matter Avill shortly he taken in hand by the 
Oovernmenl by leaching men a useful trade 
during th(‘ir peiiod of service in thi^ Army, and 
by (‘ar-marking certain Covernment apfioint- 
ments for (‘X-soldi(‘rs and sailors. In any case 
ii thrifty man should ht^ ahk^ to save, after he 
begins to draw stu vice jiray, not loss than 6s. a 
week, which, M'ith int(‘rest at the rate of 24 per 
(•(‘Ut., will .amount at tin* (‘lul of his 21 years to 
n(‘arly £4tM) — a very useful asset with whicli to 
purchase a husiut'ss or set himself up in trade. 

Pensions for "Widows, Lastly, pensions 
are granted to widows and children of 
N.C.O.'s and men who have dital of wounds 
Of injurit's rt'ceived in the execution of their 
duty. These vary betwtion .5s. and 10s. a 
Aveek for tlu* wift*, and Is. 6d. to 2s. for each 
child, according to the rank of the husband. 
For the or[)hans of soldiers and a few other 
deserving cases there I'xist the Duke of York’s 
M ilitary School and tlu^ Royal Hibernian Military 
School, where hoys arc educated free of charge. 
The future of these hoys is provided for by the 
authorities, wlio at the expiration of their school 
lift* will either appn*ntifc them to trades or 
allow th(*m tt> join the Army. Among the 
best men in t\u) Army are to be found 
hoys who were brought up at those admirable 
institutions. 


CojUimi^d 
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By Professor JAMES LONG 


MO article of food has been subjected to so 
* ^ much criticism or to such searching examin- 
ation as milk ; and yet we have much more to 
learn about it, especially as to its behaviour in 
relation to fermentation, to the manufacture 
of cheese and butter, and to digestibility. 
Although a fluid, it contains food in the form of 
fat, which is the chief constituent of butter, 
sugar, casein (a most important albuminoid), 
and various mineral matters. Its average 
comi)osition is as follows : 


Constituent. 

Average 

Quality. 

Low 

Quality. 

High 

Quality. 

♦Flit 

.3-3.5 

2*60 

6-91 

Casein aud Albumin 

3-45 

3-04 

3-48 

Sugar 

4-83 

4*90 

5 -02 

Mineral matter 

-72 

•66 

•72 

Water 

87-6.5 

88*90 

83-87 


100-00 

100-00 

100-00 


* This and subsequent tables are from “ Klenieiits of 
Dairy l^’arnuug," by Janies LoniJ. 


If, however, w’e take the estimates and 
average analyses of various British and foreign 
authorities, the average fat pereiaitage roaches 
3’7, and tho solids other than fat, 9 per cent. 

Colour. Milk varies in colour in accordance 
with the breed or individuality of the cow's 
"^producing it. Tho Jerseys and Guernseys of 
the Channel Islands, the South Devon cows, 
and cattle of similar types in France and 
Denmark produce milk of richer colour than the 
majority of native breeds, tliis colour being due 
to tho globules of fat which are held in suspen- 
sion, and which, when removed, leave tho fluid 
white. If, however, the casein or curdy matter 
be also removed, as in the cheese dairy, the whey, 
which is the liquid remaining, is of a greenish 
yellow colour, containing nothing but sugar and 
the minimal matter. 

Solids. The solid matter in milk is held 
partly in suspension and partly in solution, 
the proportions, as defined by tho eminent 
French chemist Duelaux, ‘ lieing as follow in 
milk of very poor quality : 


Solids. 

In Suspension. 

In Solution. 

Fat 

Per eent. 
2-75 

Per cent. 

Sugar 

— 

6-38 

^Casein (and albumin) 

i 2-72 

•66 

Phoophato of LLme . . 
Soluble Saits . . . . 

[ *21 

•14 

. — 

•36 


term. 


DuclauxMncludes all nitrogenous matter under this 


: We have stated that the colour of milk 
varies with the breed ; the remark equally 
appli^ to its quality. , It varies also in ao- 
eondance wijh th® ttte ooWp with the 


time which divides each milking, with tho date 
which has elapsed since the cow calved, with 
the condition of her health, and whether or not 
she be in a state of excitement. The first milk 
dra'am, too, is much poorer in quality than the 
last milk, hence the importance of thoroughness 
in milking. It is for this reason that tho owners 
of many herds cause each cow to l)e stripped 
after the milker has completed his work, thus : 



Fat. 

Solids. 

Water. 


Per (unit. 

Per eent. 

Per cent. 

First milk . . . . 

1*32 

11-83 

88- 17 

Strippings 

9-6.3 

1 19- 18 

80- 82 . 

First quart . . 

1-22 

1 10-82 

89- 18 

Last quart . . . . 

8-48 

i 17-24 

82-76 


Colostrum. Whatever may be tho quality 
of the milk of the individual cow, or tho difference 
between the various cows in a herd, the com- 
position of the milk of mixed herds is very 
similar, owing to the fact that the milk of each 
cow is mixed before it is despatched to the 
purchaser. The first milk yielded by a cow 
after she has produced her calf, and known as 
coUistrumi is poor in fat but extremely rich in 
casein and albumin, which is present in all 
milk but usually included under the term casein. 

COMPOSITION OF COLOSTRUM (WARIKOTON) 

per rent. 


Water 717 

Fnt 3 ' 4 

(Casein and other uibiiiuinoids . . . . 20*7 

Sugar 3’ 2 

Mineral matter 1*1 


100*1 

Morning and Evening MilK Com* 
pared. As the cow, however, progresses and 
becomes stale — namely, as she approaclies tho 
time of drying — her yield diminishes in quantity 
but sensibly increases in quality. It is believed, 
too, that with the increase in age, especially 
after a cow has reatflied six years, her milk 
increases in quality, but facts do not fully 
warrant any statement l>eing made as to its 
general application. When a cow is milked 
every twelve hours the milk she produces is 
practically identical in quality ; but where tho 
afternoon or evening milking is — as is the case 
in this country — from seven to nine hours after 
the morning milking, tho quality is sensibly 
increased in the evening, and as sensibly di- 
minished in the morning. Tho evening milk 
is therefore, weight for weight, much more 
valuable than the morning milk. 

Innuence of Food. The influence of 
food on the quali^ and value of milk is not 
fully recognis^. inoducers, as a rule, believe 
that they can improve the fat contents by high 
feeding ; but this is not borne out in practice, 
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while it is distinctly in opposition to scientifio 
teaching. Farmers have observed that in 
changing a herd from one pasture to another 
there is an almost immediate and benciicial 
result. But that result is chiefly in the direction 
of an increased quantity, and the reason is 
obvious : the cows are removed from grass 
which has been practically eaten close to the 
soil on to a field which is fresh, sweet, and 
perhaps carrying abundant herbage. 

Value of Fresh Pastures. Apart from 
this, however, the mere change from a stale 
to a fresh pasture encourages secretion. And 
so it is, "where the co\w are stalled, wlien 
they receive an increase in their ration of eak«‘, 
meal, gi'ains, bran, or some similarly palatable 
food. When a cow is receiving a full ration — 
that is, as much as she can properly assimilate — 
no addition, eitJier of quantity or quality of 
food, will enable her to produce milk of superior 
(piality ; but when she is under fed there is 
every reason to believe that any addition to 
her ration is followed not only by an inerease 
in the quantity but an increase in the quality. 

Again, it is obvious that much depends on 
the health of the cow. If lier system he dis- 
turbed, not only is the ((uantity diminished, 
hut the (piality suffers, and so far as ha.s ])een 
observed a diminution in quantity means a 
diminution in the fat percentage. The following 
instances of two cows suffering from pleuro- 
pneumonia may Ix^ ipioted to (‘mphasise this: 



Per cent. 

rev cent. 

W’ator 

S»*(J0 

80* 18 

Fat 

1* IS 

1*30 

Su«ar . . . 

(‘asoin 

4* 40 

4*50 

4* IS 

4*38 

Mineral matter 

0*60 

004 


too (J<i 

loo 00 


Cooling and Aerating. It is important 
that milk should bo aerated, and if intended 
for sale, coaled as soon os it is drawn. The 
modern system of cooling, by means of either 
the horizontal or the lenticalar cmler, tigured 
and described in the next lesson, provides 
complete aeration by which the cow -like odour 
of the milk is removed. Where milk is 
placed in a vessel, and especially if it be 
covered with a lid, without cooling or aerating, 
its disagreeable odour is largely retained. Tlie 
exposure of milk to any pungent smell should 
always bo avoided, as it po8so8.ses a property 
of absorption wdiich may render it almost unfit 
for use, or even for conversion into butter. 

Specific Gravity. The density or 
specific gravity of milk varies in accordance 
^vith its (piality ; but to ascertain its density 
by direct weighing is impossible except in 
skilled Ixands and by the aid of the delicate 
instrument’s of the laboratory. Specific gravity 
is taken for all ordinary puiqxrses by the aid of an 
instrument known as tJie larlometer, but it is im- 
portant that the temperature should l>e observed, 
inasmuch as milk expands with heat. A gallon of 
pure water weighs 10 lb. at 60 rlegrees F., 
when the barometer stands at 30 in. Under 
similar conditions milk may weigh from 1C*27 
to 10-34 lb. per gallon, its specific gravity, by 
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altering the decimal point, thus being 1027 to 
1*034, figures which may be regard^ as the 
limits. Although it is quite possible that 
while pure milk may possess a density repre- 
sented by either of tiwjse extremes, yet the 
probability is that it is watered or skimmed. 
Obviously the fat globules of milk are lighter 
than the water of milk which, as wc have seen, 
forms some 87 ’5 per cent, of its composition ; 
but the remaining constituents — the minerals, 
the casein and the sugar — arc heavier. If, 
therefore, wc remove the cream, which contains 
practically all the fat, the density of the milk is 
raised ; whereas, if wo add cream to pure milk 
it is reduced. The reason why milk is slightly 
li€‘.ovi(n“ than w-atev is due to the foot that the 
.mgar, casein and mineral matter, owing to 
thdr larger quantity, influence it more than 
th<5 fat. Again, if water bo added to milk, its 
specific giavily is reduced ; thus, milk with a 
low sxKJcitic gravity is usually regarded as watered 
milk. If we take, a pure sample and assume 
that its specific gravity is 1031, the figure 
will bo increased by the removal of the cream. 
If we a.dd 10 per cent, of water, the density 
will 1)0 reduced to 1*029, and still further 
reduced point by |X>int until, when .10 per cent, 
of wfitcr is added, its dimsity stands at 1*010. 

Testing for Adulteration. One of the 

common practices of the day is the addition 
of separated or skimmed milk to now or 
whole milk. As by the Government standard 
milk offered for sale must contain 3 ixn* cent, 
of fat, it follow's that a vendor can (liUite a 
ileh sample— one which, for example, contains 
3*7 ixsr ccnt. of fat— with separated milk and 
still remain on the right side of tlic law, although 
the practice, if known, would subject him to 
prosecution. Jf we assume that pure milk of 
good quality varh's from 1 029 to 1*032, neither 
of which figures are extreme, there is reason to 
sustwet its purity if it falls below the former 
or is raised higher than the latter figure, A 
high specific gravity— 1*034, for example— sug- 
gests the addition of separated milk. It is 
important in testing with the lactometer to 
obtain a table which is frequently sold w'itli 
the instrument in order that whatever its tem- 
perature when tt^sted, its actual 8pccifi(5 gravity 
may l)c recognised by reforence to the figures. 
Just as milk expands with a rising temperature, 
so it contracts as the temperature falls ; hut 
this contraction cca'Ses at about 4^ C., below 
wliich expansion again begins. 

The Gorman expert Fleischman has shown 
how the constituents of milk are divided in the 
pr(x?es8 of butter and cheese making. His figures 
arc extremely valuable and are as follows ; 


Snhetance. 

Water. 

Fat. 

Casein, 

etc. 

Sijgar. 

Ash. 

Whey .. 
Buttermilk 

Skim Chee.<«o . . 
Butter 

The Loss 

78*9 

14*0 

3 6 
*6 
2*9 

3*2 

2*3 

11*6 

81*5 

1*6 

22*3 

18 8 
61*6 
•6 
1'8 

76*6 

11*2 

4*2 

*2 

7*8 

00 -.3 
12-5 
26*7 
*5 


100 

100 

100 

100 

100 
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It should be pointed out, however, that in the 
manufacture or skim cheese a larger quantity 
of fat is left in the skimmed milk than under 
other conditions. 

The Fat in Milk. If a drop of milk 
be plac(^d beneath the microscope, the field will 
be covered with a large number of tiny globules 
somewhat evenly distributed, although some- 
what irregular in size, cs^wcially in the milk 
of Channel Islands cuttle. A drop of the last 
milk drawn from tho cow at milking time will 
contain a much larger number of these globules 
than a drop of the first, or fore milk, while the 
latter will contain still more than are seen to be 
present in a drop of skimmed milk. Fat globules 
of average size measure about of an inch 

in diameto, but tlie largest globules are about 
i-wny’ smallest of an inch. The 

number of globules present in a cubic millimetre 
(irfW inch) has been estimated at from 

a million to IIJ millions. The fat of milk, which 
is represented by these globules, chi(^fly consists 
of olein, stearin, palniitin, hufi/rin, ca proin, and 
caprylin, paimitin and 
stearin being regarded as 
solid fats, and the remaindtu’ 
as liquid fats or oils. The 
constituents butyrin, oap- 
roin, and caprylin in their 
corresponding form of fatty 
acids are volatile. If w(» 
take the average size of the 
fat globule of tlie Guernsey 
and Jersey cow at 100, and 
its diameter at of an 
inch, the size of the globule 
in other milks will be found 
to vary from 1 10 to 133, and 
the diameter from 

l JO 00 

‘Size and Number 
of Globules of Fat, 

In an investigation in which 
the milk of 15 cows of six 
different breeds was sub- 
mitted to 150 examinations 
it was found that the numlx^r of globules of fat 
produced by the average animal w'as about 
136,000,000 per second. Thti size of the 
globule exerts an important influence on the 
success of a butter daiiy. The larger the 
globule the quicker it rises to the surface 
where milk is set for cream, while the smaller 
the globule the longer thtj delay, and there- 
fore the greater the difficulty in reaching the 
-surface — difficulty whieli becomes impossible 
when, owing to such delay in warm weather, 
acidity commences, the milk is coagulated, and 
the passage upwards blocked. The fats of wliich 
the globule is comj>osed arc in no case constant 
in quantity —especially varying with the tem- 
perature and probably with the food consumed. 
In winter the solid fats are larger in proportion, 
and the food smaller, while the volatile fatty 
acids frequently vary as winter approaches 
to such an extent that pure butter has, upon 
analysis, frequently been condemned as mar- 
garine ow ing to the similarity in its composition 


to that imitation in this particular aspect. Agree- 
able as milk fat is to the palate, its odour 
and flavour are rapidly changed by exposure 
to light and air. lliis change is believed to bo 
due to the decomposition of the glycerides of 
the volatile fatty acicls, whioli i.s retarded 
by the aid of salt and various chemical preserva- 
tives — which, liow^cver, should never be used. 
Decomposition is retarded by the skilful removal 
of all foreign matter in the manufacture of 
butter, c‘si3ecially of the sugar and casein, which, 
present in the cTcam, find their way into im- 
)K‘rfcctly made butter. 

The Sugar of MilK. This is one of its 

most constant solids, and the one whidi, in the 
proec‘Ss of eheesemaking almost entirely remains 
in the whey. It is composed of earhon and the 
elements of water as follows : 


Tarhon .. .. 40 '00 

Hydrotfca .. .. flfiO 

34 


Total JOO-00 

Sugar of milk does not ferment so easily as 
cane sugar. It can Iw ob- 
tained from milk by the 
evaporation of the fluid in 
which it is in solution after 
the extraction of the casein 
and fat. In its pure state 
it keeps well, and is soluble 
in hot water or in five to six 
parts of cold water. [See 
the lessons on Sugar m Food 
Supply.] 

The Casein of MilK. 

The albuminoid matter of 
milk, which includes al- 
bumin, is usually described 
})y this term. 3110 follow- 
ing ligiir(\s represent tlie 
composition of casein : 

53*83 
22* 52 
7* 15 
16*65 
A trace 

Although casein can bo pre- 
cipitated by v'arious acids, including the lactic 
acid of milk itself, which causes spontaneous 
coagulation or curdling, it is in the process oi 
eheesemaking coagulatetl by rennet, to whieli 
reference is made in a subsequent lesson. Casein 
is one of the* three important constituents of 
cheese, of w'hich it forms about one- third. It 
IS present in cream in small quantities, but should 
be entirely jibsent from butter, in whieli, as it 
decomposes, it causes a disagreeable flavour and 
odour. The albumin of milk, unlike the casein, 
is not precipitaU^d by rennet, but by heat ; 
hence the practice of many elieesemakcrs of 
amking the eurd, as it is termed — that is, heating 
it to an unusually high temp(»raturc. The 
albumin of milk is Udieved t-o form about one- 
sixth part of its albuminoid matter. 

The Mineral Matter or Ash of MilK. 
This is utilised in the animal economy in 
building up the body and other structures 
of the body of w^hich minerals form part. It 
is extracted from the soil by plants, and 
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conveyed by tliem in the form of food to the cow. 
Average milk contains about 0*7 per cent, of 
mineral matter, usually described as ash, for 
the reason thcA when the solid matter of milk 
is burnt the minerals remain in that form. 
The cliicf mineral constituents of milk are potash, 
lime, phosphoric anhydride, which forms about 
one-third of its total weight, chh>rine, soda, and 
magnesia. Where milk is sold the loss of fertile 
matter to the soil from which the cows are fed 
In the course of a year is considerable, owing to 
the removal of the nitrogen in the casein, and 
the potash and phosphate of lime in the ash. 
'Pliese three materials, as we have shown in 
dealing with the science of manuring [pages 
J, form tlie three cardinal constituents of t he 
soil, and those which ar(‘ essential for the growth 
of crops. Where, Jiowcver, cows arc fed uj)on 
purchased cake or corn, and especially where, 
in addition, artificial manures are emj)loycd, the 
loss through the medium of the milk may be 
ignored, that loss being variously placed at 
from 20s, to 25s. per cow per annum. 

Bacteria in Milk. The maintenance of 
the sweetness of milk is almost as imi)ortant as 
its purity. Milk changes with great rapidity 
during hot weather, and at all times acitlity is 
indiic<^d by the presence of organisms known as 
bacteria. The organism chiefly concerned in 
the production of acidity in milk is known as 
liactcrium laetis, w'hich is chiefly d<‘rivt‘d from air, 
and which is abundant in dairies, milk shops, 
cow-hous<*s, and other apartments in which milk 
is produced or handled. The organism chiefly 
f(*eds upon the albuminoids of milk, and by its 
action converts the sugar of milk into lactic 
acid. The lactic bacb'riurn, liowever, is not the 
only organism found in milk ; there are others 
which are equally responsible for fermentation or 
chemical elumgcs, not only in the milk itself 
but in the butter and ehee^se produced from it, 
and among these may be mentioned the butyric 
ferment {Bacillus butyric as) which is the cause of 
laneidity in butUT. Other forms of bacteria are 
occasionally found, including the organisms 
responsible for tuberculosis and other seriou.s 
disei\,sc^s ; but where ordinary care is taken, or 
where milk is boiled or sterilised, th(‘ ])resence 
of these germs need not be feared. 

Why Cheese Ripens. Milk also con- 
tains a variety of unorganised ferments, 
some of which are responsible for the ripening 
and flavour of cheese, and of moulds. Among 
the former may be miuitioued galactose, an 
enzyme and digestive ferment, w'hich was 
discovered by Drs. Badeock and Russell, said to 
resemble a secretion of the pancrca.s of animals, 
'fo this enzyme th<^ di.scovcrers largely attribute 
the ripening of cheese, which they contend may 
now' be cured by its aid at a low temperature, 
tlius renderiiig the old-fashioned cheese-rooms 
iUid the maintenance of a high temperature 
unnecessaiy. In Great Britain, however, the 
old system is still in force, and is likely to remain 
so until more is known of the new ^scovery. 

Multiplication of Bacteria. The 
bacteria of wkicli we have spoken are single- 
celK d members of the vegetable w’orld, seldom 
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exceeding 10 g. (g. = 001 millimetre in dia- 
meter). The multiplication of these organisms 
is extraordinarily rapid ; in a humid atmosphere, 
and at a temperature of from 86^ F. to 104° P., 
the cells divide in from 15 minute.s to an hour, so 
tliat at the latter temperature a single coll may 
become millions in a day of 24 bout’s. Before 
its extraction from the udder of the cow, milk is 
germ free, but immediately it is exposed to the 
atmosphere it is attacked by bacteria, especially 
in the cattle -house, where they abound — hence 
the importance of milking, if possible, in the 
open air. Harwood records that in a test made 
at the Maryland Station 7,000 bacteria were 
found in a cubic centimetre of milk (about a 
qiiaiter of a spoonful) ; w'hilc after standing in 
w'ater for 15 hours at GO’ F., 2.^ millions were 
found. When 24 hours had elapsed, the number 
had reached 69 millions, while at the end of 
39 hours there AV(M’e no less than 300 millions. 

Bacteria are Good Servants but 
Bad Masters. Although there are bacteria 
W'hich are useful to man, it is incontestable that 
where, owing to imperfect conditions, these in- 
crease rapidly, they become extremely deleterious 
in their turn, and render milk unfit for food. 
When the temperature of milk is reduced, the 
rapidity of reproduction diminishes, and it is 
for this reason that dairymen require the farmer 
to cool the milk down to 50° F., when reproduc- 
tion is practically cheeked, to be increased, how- 
ever, imniodiately the temperature rises. Facts 
similar to those recorded by Harwood have been 
laid down by exp<‘rimenters like Knopf, Miguel, 
and Freudenreieh, in whose laboratory in Berne 
we have been enabled to si^e something of this 
particular work. The researches of Hr. Newmian, 
who has rcqieatedly taken samples in London 
boroughs, many of which Avcrc unfit for human 
food, entirely confirm the results in the labora- 
tory. When milk is coagulated, the grow’th of 
bacteria is checked ; this is believed to be in 
large measure owing to the acid which they 
produce — in a word, thc’ir multiplication is 
stopped by the accumulation of the products of 
their own growth. While bacteria arc harmful 
when allowed to obtain the mastery, they are the 
valued servants of the butter and cheese maker 
who keeps thcmi under control. 

Sterilisation. The lactic bacterium is 
from I ’3 g. to 1 '6 g in width, while in length it h 
about ij times its bre^adth. It is destroyed 
when the milk is boiled, but its spores or seeds, 
which are believed to resist heat up to 245° F,, 
arc practically killed when submitted to boiling 
point for half an hour. This, at all events, 
appears to be the result of the practice called 
milk sterilisation. Lister has demonstrated that 
where sterile milk is drawn from the cow into a 
sterilised bottle, and contact with air prevented, 
and if the bottle be hermetically sealed, it will 
keep. Milk, how'ever, is now in daily practice 
sterilised by submission to heat at 212° F. for 
half on hour. The milk is first cleaned in the 
centrifugal separator, from which the cream tul>e 
is removed ; os it revolves, tlie dirt, the bacteria 
and other impurities are thrown to the sides 
of the vessel, where they form a somewhat 
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disgusting scum. It is subsequently passed into 
bottles^ placed in the steriliser, with the stoppers 
loose, submitted to the required heat, when the 
stoppers are closed by a gloved hand in the live 
steam, so that the entrance of fresh germs from 
the air is prevented [17]. Milk preimred in this 
way may be delivered to customers by the dozen, 
or "by a week’s or fortnight’s supply according 
to arrangement. 

Pasteurisation. Pasteurisation [18] differs 
from sterilisation inasmuc.li as the milk is .sub- 
mitted to a lower temperature — ITS'' P. — by 
which the bacteria are destroyed but not llu^ 
spores. Coagulation of milk docs not take place 
until from 7 per cent, to 8 per cent, of lactic acid 
has been produced. If before this quantity be 
present the acid is neutralised by the addition 
of an alkali, eoagulation is jK)stponed ; but 
neither alkaline nor other so-called milk pre- 
servatives should in any case be used. Although 
the opinions of experts differ as to the influence 
of thostj materials, the majority of medical 
opinions is to the effect that they are 
deleterious to health, and especially to 
children and invalids. Pas- 
teurised milk will keep longer 
than raw milk. When Fjord 
heated separated milk (a por- 
tion of which was boiled in the 
month of June afttT seven hours 
oi f'xposure) to 158 ’ F., subsequently 
cooling it slowly, it boiled afh^r 15 
hours’ exposun* ; when suddenly 
cooled to 77° F., it kept for 55 hours. 

In factories, the separated milk, after 
skimming, is Pasteurised, and sul)- 
sequently cooled to 5(P F., with 
such rtisuUs that farmers are able 
to take it home for use, and whoh?- 
.sale buyers to place it on the market. 

If the lactic fermentation of 
milk be permitted to continu(% 
hulyric acifi is formed [see Cii kmis- . 

TKY, page 3275]. Lactic acid, into 
which the sugar of milk is 
changed during fermentation, 
and as the result of the activity of the lactic 
bacteria, is composed of the same (Jeiiicnts as 
the sugar itself, but the? value of the milk as 
a food is entirely changed. 

Cream. * Cream is a milk product which 
possesses no dotinite standard. It may be thin 
or thick when removed from the milk ; its thick- 
nes.s depends partly upon temperature, jjartly 
upon the presence of acid, and partly upon the 
quality of the milk and the system of skimming 
or setting adopted. By the aid of the sejHtralor^ 
it can be removed as thin cream — which means 
that it contains more of the milk serum, ff 
set at a low temperature, and if the milk be 
cooled before it is set, the cream will be thin. 
Cream cooled on ice, or slightly heated, will 
become thicker. In the latter case its apparently 
.more substantial c haracter is owing to the pre- 
sence of acid and the slight coagulation of the 
casein. Very rich cream may contain only one- 
third of its weight of water, while very thin 
cream may contain two-thirds. 
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Devonshire Cream. Clotted cream, as 
made in the West of England, contains some 
CO per cent, of fat and 53 jhm* cent, of water, 
w’^ith approximately 5 per cent, of casein. 
C'Oinmercial cream is frequently preserved by 
the aid of chemical preservatives, ft)r whie^h 
reason it is a less desirable food. If milk Ik 5 set 
in open ve.sscls with a depth of 5 in. to 6 in. for 
12 to 24 hours for the cream to rise, and the 
whole be then scalded to 170° F., there is slight 
coagulation — in suc‘h a case the cream becomes 
clotted. In this form it. is not only highly 
appreciated on the table, but keejw longer, 
'file remark applies equally to the milk serum 
remaining, and to the butter produced from the 
cream itself. 

The Separator. If cream of 10 per 
(\‘nt. quality be removed by separation, that 
(juality should be high. At whohmle price, 100 
lb. of milU, or 10 gallons. Avoiild cost during the 
^ ix months April to October, (m. 5d. ; so that 
one gallon of cream costs Is. GJd. per quart 
plus the cost of separation. Such 
crc'am, however, is commonly sold by 
retailers at 4s. a quart, or Od. a re- 
puted quarter pint jar, which is equal 
to 4s. a reputed quart. Naturally, 
thick (‘ream is frequently purchased, 
how’cv^cr, and thinned by the addition 
of milk before retailing. Where cream 
is removtKl by the separator, the 
<inantity of fat left in the milk seldom 
c‘xeeeds 0*2 ])er cord. ; but wherti it is 
skimmed from the milk w4iich has 
been set in open vessels the fat re- 
maining may reach one third of its 
total conWnts. 

Why Cream Rises. The rising 
of cream is due to its low*er density, 
that density varying from 1*000 to 
1*()1(>, so tliat, while it is lighter 
lhan milk, it is heavier than w*ater. 
The j)ractico of estimating the (juality 
of milk by the aid of a creamometer is 
fallacious; this, is owing in part to 
the temperature of the atmosphere, 
and in part to the individuality of the cows pro- 
ducing it. A tube in w hich milk is sot may Ihrow' 
up ereum of a high pc^rcentage, while the milk 
itself may be actually poor in fat. On the other 
hand, the |)ereentage of cream may Ixi low, and 
the fat yield high. Many examples may be 
taken from tests in the Oovernrnent labora- 
tories, and in our own practice, but wo 
select two ; in one case tiie cream per- 
centage was 17*5, and the fat percentage only 
2*5 ; in another the cream p(^r(Hmtagc was 
4*5, and the fat percentage 4*57. Cream may 
be pasteurised for the improvement of its keep- 
ing properties, or it may be separated for the 
improvement of its quality. 

Separated or Skimmed Milk. Hep- 
arntecl or skimmed milk is that from which the 
cream has Ijeen removed, tht^ li rat-named by the 
machine, the second by hand skimming. Its 
food value is practically maintained as equal 
to full milk by the addition of digestible fats or 
oils equivalent to the fat removed in the cream. 
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Skimmed milk of average quality is composed 
as follows : 



Per cent. 

Wiiter 

0()- 10 

I’at 

'75 

tasrin 

3 - .50 

Hugar 

4-8.5 

.VHtl 

• 


JC(VC0 


The density of skimmed milk varies hetween 
1 033 and 1 037. If 1 0 per cent of water be added 
tilt! gravity is reduced to 1’032. so that it then 
compares on tliis basis very closely with full 
milk. Separate-d milk possesses a slightly higher 
spt^eific gravity than whoKi milk, containing as 
we have seen less fat. If skilfully mixed with 
rich full milk of low’ specific gravity it may be 
passed for whole milk without d(‘teetion. 

Butter Milk. Butter milk is the hy-produet 
left after churning cream or milk from which 
butter fat has h(*(‘n removed. The quantify of 
butter milk })roduced depends upon the (piality 
of tile (ircam. As er<‘.ani is churned in a 
mature, ripe or acid condition, buttermilk 
is acid, but it is a sound and wholesome 
food. The <;omposition of an averages 
sample is as follows : 

W’nfor 

Kat 

I'JWMII 

Ash 

10(10 

Whey. Whey is the li(piid by- 
product of ehees<»-making. In skilful 
hands it contains but litth? faf, although 
large cheesianakers remove this fat. by 
skimming for flie manufacture of whey 
butter. Whey, however, is chiefly supplied 
to pigs, its value depending upon the large 
quantity of sugar whicli it contains. In an 
average sample tlic sugar present reaches 
5 per cent., the curdy matter I per cent., 
the fat '35 per cent., and the inin<;ral matter 
•70 jK*r cent. 

Milk Testing. The quality of milk is 
tested in various ways ; by chemical analysis, 
by the Babcock and ChTher machines, the lacto- 
meter and the creamometer. 33iere are other 
methods which ixiquire technical skill, but in 
practice the amateur now’ depends chi(‘fly upon 
tlu^ tw’o first named. By chemiml anah/sis the 
water is driven from the milk by heat, the dry 
matter remaining being the milk solids, which 
are .separately determined. The method of 
determination, however, belongs to the depart- 
ment of chemistry [see the ecuirse on Chemi.stry, 
page 3820]. 33io ("reamometer 1 19] is a glass 
tiilmlar or cylindrical vessel I 6 in. liigh by 

in. in diameter, although smaller and conse- 
quently less reliable tubes are sometimes used. 


There should be a scale on the upper portion of 
the vessel divided into 100 parts, commencing 
with zero near the top. The milk is poured 
up to this mark when quite fresh, and kept for 
24 hours at an oven temperature, as near 
60° F. as possible ; in due course the cream 
will rise, and the percentage can be read upon 
the scale. This test, however, as we have 
already shown, is not of a thoroughly reliable 
character. 

The Lactometer. The lactomei'er 
should always be used in conjunction with the 
creamom(it(‘r whe^rc that vessel is employed. 
This instrunKuit is usually adjusted for use at 
W F. If gently introduced into milk at this 
t(*mjxirature Ihc specific gravity will be shown. 

if fhc scale on fhe stem be level w'ith 
the .surface of the milk at fhe^ figure 30, the 
sjMicifle gravity is 1 030 ; but if the temperature 
be higher or lower, the specific gravity indicated 
w'lll be higher or lower ; the indication, however, 
will not be correct, and therefore a correc- 
tion scale is rux'cssary, in order that the 
exact gravity may be as(iortaincd by refer- 
ring to it. The best lactometers are 
fragile, fhe stem not exceeding ^ in. in 
diameter, and the bulb in. by 3 in. 
in length. Tlie most perfect hwjfometer is 
that invented by Quevenno. 

The Babcock and Gerber 
Machines. 33ic instruments invented 
by Babcock and (I or her art; intended to 
determine the quality of milk by the 
extraction of its fat. The Babcock 
machine is a disc which revolves 
at groat/ rapidity. (Carefully measured 
(piantities of milk are passed from a 
pipett(i into small bottles, the necks of 
which arc graduated. These bottles art? sub- 
mitted to centrifugal force, when, by the aid 
of sulphuric acid, the casein of the milk being held 
in solution, the fat is driven into the neek of 
the bottle, and its ixu-eentagc there read off. 
These machines now generally used by 

ixdvanccd dairymen, and aix? of great value 
to the milk industry. The method of making 
the test, if the instructions sent with each 
inacliim^ Ix^ follow’ed, is easily mastered. A 
number of samples of milk can be tested at one 
and the same time. ( 'ream, bu ttermi Ik, skimracd 
milk, and whey may be tested by the same 
method. In some instances, especially in 
factories, samples of milk arc daily kept and 
mixed with an approjiriate antiseptic, the 
mixed or composite sample being tested weekly. 
As it is necessar'y’, in order to avoid prosecu- 
tion, that all milk sold should contain 3 per cent, 
of fat, it is not only important to dairymen but 
to farmers that milk should be frequently 
tested. 
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The Half-lap Joint. This joint is also 
called the h-cUved joint and lap joint, though 
the latter term applies equally to pieces which 
merely cross each other and are screwed or 
bolted together [192]. Examples of half-lap 
joints are shown in 143 to 150. One -half the 
thickness of each piece is cut away, so that the 
timbers join in the same plane, the combined 
thickness at the lapping joint being the same 
as that of each separate timber. This joint is 
used chiefly for uniting narrow pieces either 
when they cross, or meet each other at right 
or other angles, or for joining them end 
to end. It is neater and stronger than a joint 
which is merely lapped, like 192, but it is neither 
neat enough nor strong enough for all purposes. 
It would never do, for instance, to make a half- 
lap joint in the middle of a beam or post, thereby 
diminishing its strength by one half ; but, 
where only the ends of timbers arc halved, 
their strength is not diminished much, and for 
many purposes there is no objection on th(i 
score of loss of strength to halving intermediate 
parts. 

1’hcsc joints are marked with square and 
gauge, sawn nearly to the lines, and finivshed 
exactly to the linos w'ith rebate plane and 
ehisel, the rebate plane being used bc'causc 
its iron cuts right out to the sides of the plane, 
and so can remove shavings up to the shoulder 
of the halving. 

Modifications of Plain Half - lap. 

These consist in cutting one or both sides 
in the form of a dovetail, or V-shaped [147 
to 150] bevelling, or dovetailing the face 
[149], mitring a comer [189], or making 
notches, tusks, or other variations calculati‘d 
to enable the joint to withstand better the 
imrticular stresses of the structure. Strictly 
speaking, a half -lap joint is one in which both 
timbers are of the same thickness, and exactly 
half of each is cut away to bring their faces 
flush at the joint. There are many cases, 
however, where, though the lap is of the same 
character, it is not halved. Sometimes it is 
found best to cut less than half from either or 
both timbers, or only one may be cut for some 
portion of its thickness and the other left whole. 
Often, also, the thickness of fbe two timbers 
is dissimilar, and they may or may not have 
to be made flush with each other on one face. 
Halved joints are usually screwed together. 
In rough work they might bo nailed, and in 
large work bolted. 

Tenonied, or Mortise ^ Tenoo Joint. 

This is the joint most commonly employed 
in framed work. It can be used in much 
the same ciroumstanoes as the half-lap, but 


being both stronger and neater than the latter 
it is generally pn>ftTrcd, except in eascjs where 
the extra w’ork involved in making it is ob- 
jectionable, or where the members could not 
be put together without cutting chase mortises 
— that is, mortises which permit the tenon to 
be slipped in sidew'ays [167]. 

In the mortise and tenon joint the tenon is 
the projecting tongue, and the mortise the 
slot which receives it. Kxamples of these 
joints are shown in 151, 152, 164, 156, 

and others. There are two main varieties : 
those in which the mortise is cut entirely 
through the member, the tenon on the oth(*r 
member coming through flush with the outside, 
so that its end is always visible [161, 152, 164 
and 156] ; and the stub or stump tenon which 
does not go through, but fits into a correspond- 
ingly short mortise [165 and 183], and con- 
sccpiently does not show anywhere on the 
outer faces of tlic w^ork wlu^n the members 
are put together. Both of these types are 
popular, cin'umstances deciding which is the 
more suitable. 

Fixing Tenoned Joints. Tenoned joints 
are held together by being glued and wedged, 
or by driving wood pins or i)egs through from 
one side, tlius holding the parts together. Scnn\ s 
or na ils arc sometimes used instcacl of w ood pins ; 
and in heavy w'ork, bolts. (<hiiug and wedging 
is gentM’ally more suitiiblo for light and neat Avork. 
When pins are used, dravvboring is practised to 
help to keej) the parts together. In large joints 
held in this w^ay, glue is not always usocl. 

WlH*n a through mortise and tenon joint is 
to be wedged, the mortise is increased in width 
at the outer face to allow for the thickness of 
the wedges flSl and 152]. This, provided the 
glue holds the wedges to tlic tenon, really makes 
a dovetailed joint which cannot be pulled apart. 
Generally, two wwlges are used, one on each side 
of the tenon, as shown in 161 ; but sometimes 
w'edgt>s are driven into the tenon itself, splitting 
and spreading it, saw' cuts, or a nick with a chisel 
being tirst made to start the wedges into. Eig. 
154 show's wdiat is considered the most substantial 
method of w edging, but it is not always employed, 
because of the trouble of making saw cuts the 
entire length of the tenon, as shoAvn. Wedges 
inserted at an angle in this Avay never come out. 
Stub tenons also are often wedged, but in their 
case the w edges cannot be driven from the outside 
after the tenon is in place, and so their thin ends 
have to be inserted in the tenon, and then tlie 
latter must be forced into the mortise, the wedges 
thus becoming driven home by the pressure of 
their heads against the bottom of the mortise. 
This is called fox wedging or foxtail wedging, 
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When Btub tenoned members are of minor 
chanicter, coming between others, fox wedging 
is not necessary. In light work glue alone is 
relied on, and in heavy work the parts are held 
together by exterior attachments independently 
of the stub tenon joints. 

In putting a tenoned frame together, cramps 
are used to pull the joints up tightly, and thevSe 
are left on for a time until the glue has set. 

Drawboring. Drawboring with pins is 
done on the same principle as that in which a 
cottar draws two parts together. That is, the 
tajx^ring side of the cottar acts as a wedge against 
the side of the liole in one of the parts, while it 
exerts pressure in the opposite direction in the 
other part. This is done by making the holes 
slightly out of centre with each other, so that 
when the pin is driven through, it exercises an 
inwaixl pull on the tenon. The same principle 
is oft(m put into practice in the insertion of 
screws into half-lap joints, and into any places 
wht^re the piece of wood which is being screwed 
down has at the same time to fit closely against 
a shoulder or other part, Avhich makes a side 
pulJ as well as a downward one desirable when 
screwing it down. 1’he screw boles are bored 
through the lirst piece in the ordinary way, tas 
d(‘scribed in our remarks about the insertion 
of screws, but in continuing the smaller hole on 
into the second piece the gimlet or bradawl is 
kept out of the centre relatively to (he large hole, 
toward the side to whi<?h it is desired the screw 
shall pull the upper piece of wood. When the 
screw is put in it tends to bring the holes con- 
centric with oiK^h other, and so exercises a side 
pull on the wood. The pins for drawlioring 
tt'iioned joints are generally made by paring 
them with a chisel against the bench hook or 
stop, first making them square with a slight 
amount of taper in their length, and then re- 
moving the corners to make tlieiii octagonal. 

Marking Out and Cutting Mortises 
and Tenons. Tenoned joints are so com- 
monly employed, and they have such special 
features of their own, iliat there are several 
hiols which are used almost exclusively in making 
th(‘m. One of these is the mortise gauge. An 
ordinary gauge might be used for marking out 
mortises and tenons, but it would involve two 
operations, where one with the mortise gauge 
suffices. The latter has two nickers instead of 
one, and marks two lines representing the width 
of the mortise. This width, of course, can be 
adjusted to whatever is required, and the block 
of the gauge can bo set in the same way as that of 
a single marking gauge to lix the distance of the 
lines from the edge of the wood. Another iin- 
fiortant tool, little used except for mortises, is 
the mortise chisel. It is an exceptionally stout 
chisel, suitable for withstanding the heavy 
malleting and prising necessary in cutting an'd 
clearing out mortise slots. 

The mortise gauge and an ordinary square are 
the tools used in marking out mortises and tenons. 
It is essential that the wood should first be 
planed square and true before either square or 
gauge call be used with accuracy. In marking 
out tenons, the (‘ntire length of the wood froi5 
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shoulder to shoulder is usually the important 
thing to look after, and generally, if the tenon 
goes through, some allowance is left on its end 
for trimming off after the wo#k is put together 
[152]. Tlic extreme ends of the wood, therefore, 
do not need squaring, but care must be taken 
to scribe the shoulder lines square. The lines 
for these are squared completely round the wood. 
Then the linos of the tenon are gauged with the 
mortise gauge, which is used also without 
alteration for the mortise lines. It is generally 
set direct from the chisel that is to be used 
to cut the mortise slot [158]. If the mortise 
is to go right through, it is marked out on both 
sides of the wood, and allowance made on the 
outor side for the wedges [151 and 152]. If it 
be for a stub tenon, it is marked on the one 
face, and greater care t.aken to cut it square 
from that face, undercutting the correct amount 
for wixlges if wedges are to be inserted. When 
mortises are cut near the ends of wood, as at the 
tops and bottoms of doors, a little extra length 
is left on the ends for sawing off after the work 
is together [152]. This gives more strength for 
wedging, and is simpler and better than squaring 
the pieces exactly to length before putting 
together. Hie tenon is sawn nearly to the lines, 
and tinished with a chisel, or in large tenons it 
may be sawn practically to a fit, and eased, if 
necessary, with a rebate plane. To facilitate 
insertion, the sharp corners at the ends of tenons 
aie chamfered off with a chisel, but in the case 
of through tenons, the chamfered part must bo 
trimmed off after. Usually, most of the mortise 
slot is first cleared out by boring a series of holes 
with a eentjc-bit, and then it is cut to the lines 
w’ith a mortise chisel, which, except in cutting 
small amounts at the finish, is driven by a mallet 
|180|. The mortise chisel used should always be 
of (he same width as the mortise, and if care be 
taken to hold it upright, this ensures the sides of 
the mortise being parallel, and of the correct 
w'idth. Mortises for stub tenons should bo cut 
sliglitly deeper than the length of the tenon, to 
ensure a close bearing at the shoulder. Wedges 
are sawn of the same thickness as their tenons, 
and glued and driven in, either at the sides [ 152] 
or into the? saw cuts [154 and 155]. Stub or 
stump tenons [155] are used when the tenoned 
member has merely to withstand side thrust, 
and is not required to have a strong tensile hold 
on the mortised member. It has the further 
advantage of weakening the mortised member 
less than would be the case if a through mortise 
w^ero cut ; and also, being concealed, it is some- 
times preferred for the sake of appearance. In 
some cases also, the width of the mortised mem- 
ber is so great that there would bo no gain in 
strength if a tenon was carried through. 

Proportions of Tenons. In ordinary 
framed wwk, mortises and tenons are usually 
made one-third the thickness of the stuff, and 
unless the width of the tenoned member is 
more than about six times the thiokness of the 
tenon, the latter is made the full width of the 
former ; except, of course, in mortises cut at 
ends, where the width must be reduced to leave 
material beyond [162 and 166]. If the tenoned 
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piece exceeds this proportion of width, the tenon 
13 reduced, generally with a haunch, of which we 
shall speak immediately ; or if the piece be very 
wide, more than one tenon is cut on its ena. 
Fig. 161 shows what are called a qxiir of 
tenons cut on a wide piece. This is usually 
clone in the middle and bottom rails of ordi- 
naiy house doors. If a single tenon the full 
width were made, it would necessitate a mortise 
HO large that the mortised meml>er would be 
weakened very much, and there would be a risk 
of so wide a tenon becoming loose through 
shrinkage. In thick stuff, tenons arc*, sometimes 
divided in the direction of the thickness, forming 
two thin tenons side by side, with a space 
between instead of one thicker one. These are 
called /cno7ii9 [163 1. Mortises and tenons 

must always be arrange<i so that the long way of 
the mortise runs with the grain of the wood. 
Tenons are always formed on end grain, and 
mortises in side grain. 

Haunching. When tenons do not extend 
the entire width of th(! member tlu;y are cut on, 
a short hminchy or tusk [161 and 162] 

is often formed extending the full width of the 
member, and of the same thickness as the tenon. 
A shallow mortise is cut to rciceive the haunch, 
and when in place the tenoned member is thus 
prevented from Avarping as effectually as if the 
tenon itself was of full width. In fact, the haunch 
makes it equivalent to a t,ongued and grooved 
joint, and the tenon may be considered as an 
extension of the tongue. Haunchtul tenons are 
always employed in panelled doors, the haunehc's 
fitting in the; same grooves as the puiels, find 
extending the same distance in as the latter. 

TusK Tenon. A tenoned joint somoAvhat 
similar in principle is shown in 164. Jt is called 
a tusk tenony and in this case the prevention of 
tlie nu^mber from warping is, of course, not the 
idea, because it is not of a section that could 
warp. It is the joint generally used in fitting 
the ends of floor joists into framing Avhere 
openings have to be left for fireplaces, stairs, eto., 
but it is suitable for any cases where the end of 
one horizontal timber has to be tenoned into 
another. Tlie tenon which goes through and is 
kept in place by a pin or Avedge on the far side is 
of comparatively small section in order to avoid 
weakening the timber in which the mortise is 
eut, but, to enable the joist to support as heavy 
a Aveight os possible, a short tusk is made Avhich 
relieves the slender tenon from a great deal of 
shearing stre.-^s and yet weakens the mortised 
timber very little. Sometimes, when the latter 
is viTy Avide, the tenon does not go through, but 
the pin which holds it in place is driven down 
through a hole bored from the top. The pro- 
portions adopted for a tusk tenon are shoAvn to 
scale in 164, and it is always intended of course 
to be used in t he position shoAvn, with the square 
shoulder downward and the bevelled part at the 
top. The haunches of tenons like 162 and 162 
are sometimes tapered similarly so that they may 
not show when the parts are together. 

Dovetail Mortise and Tenon. This 
is shown in 166 and 166. It is used chiefly for 
teinpomiy work. As the illustration shows, it 
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is inserted loosely, and tightened by wedges. Fig. 
165 shoA^ the end of a single i;^il insert^ in this 
way, and 166 shows two rails meeting in a post. 
It can also, if necessary, be used for stub tenons. 

Open Mortise and Tenon* or Slot 
Mortise. This [1631 is a slight improvement 
on a halved joint, and it jKirmits of a wider, and 
consequently stronger, tenon than could be 
employed if it were enclosed in the ordinary 
way. Such a joint can be held together only by 
pins or scroAvs, in the sam(3 way as a halved joint. 

Barefaced Mortise and Tenon. This 
[157] is employed when the members are of 
unequal thickness, but are flush with each other 
on one face. The tenon is then shouldered 
back from the flush face only, and on the other 
fat^e of the thin member the tenon is continuous 
with the surface. 

Chase Mortise. Tlie chase mortise [167] 
is employed in cases Avhere a tenoned member 
lias to be inserted after a frame has been put 
together, and as it is impossible to insert the 
tenoned ends endwise in the usual way, one of 
the mortis(3s is eut aAvay at the side for some 
distance, and the tenoned member inserted in 
the frame diagonally, with one tenon at the 
entrance of the ordinary mortise and the other 
at the end of the chase mortise. It can then be 
pushed sideways along the chase moi'tise until 
both tenons are in their propter place. The chase 
mortise is then generally filled up by inserting 
a strip of AA’ood. 

Oblique Mortise and Tenon. Examples 
of this are sIioavti in 169 and 170. Other slight 
modifications of their form are possible, and 
sometimes emjiloyed. In 169 the end of the 
member itself is recessed a little way into the 
mortised timber, the Uaion extending further 
still. In 170 the tenon only enters the .surface 
of the mortised member. In another form fre- 
quently employed, the tenon is shouldered or 
notched back slightly from the front, and some- 
times also, instead of tapering to nothing at the 
back, some amount of depth is given to it there. 
Occasionally the Umon is notched, giving it the 
appearance of two saw teeth, one behind the 
other. Sometimes a joint the exact rever.se 
of a inorti.se and tenon, known as a bridle joint 
[193], is maxie. It has no particular advantage 
of its OAvn, except that it is then possible to see 
from the outside whether it is in close contact 
everywhere. Figs. 168 and 171 show two 
simpler form.s of joint which might be used 
under the same circumstances. In 168 a block is 
nailed on the surface of one member to take the 
thrust of the other. In 1 71 the member is notched 
out to proAddo a shoulder for taking the thrust. 

Miscellaneous Joints. There are a num- 
ber of joints commonly employed, some of 
which are closely allied to the tenoned joint 
or to the simpler forms already described. 
Figs. 172 to 177 show methods of connecting 
timbers which meet, or cross at right angles. 
Fig. 172 Is a rebated joint which is em- 
ployed to resist* p^r^sure inwards on either 
member ; 178 is a dovetailed joint to resist 
tension ; 174 is a similar joint, except that 
its end is housed to enable it to withstand 




IfiS. Oblique butt Joint ill which thrust l» taken by a bIo«’k 169. Knd of iiiemh«*r receasHKl and Htuh-tenuiied into the aurfuco 170. Htnh-teiiniicd only 
171. Becesaed only 172. Relmted Joint 176. Dovetailed Joint 174. Duvotalled and huiMe<l Joint 17A. NotchcMl Joint 176. Uuuble noU-hud joint 
177. Cogged Joint 178. Dovetail key uniting pleeeft end to end 179. Dovetail formed on the end o( one piece 180. 8kew-nnlle<l butt Joint 181. K«!V>.ited 
or hon^ Joint 182. Stepped Joint 18$. Stub (enun IM. Joggle 185. Halved ohlii|Uu Joint between two endM 186. Halved Joint lietwcen pieces 
Citwaing obliquely 187. Halved dovetail joint not going completely tbroiuh 188. Similar dovetail which does fio through 189. U.dMap. mitred on 
one face and square on the other 180. Open morttHC aii<l tenon with mitred .Mionidera 191. Open moriiau and tenon dovetailed 19:2. Plain ].ip 
IW. Bridle Joint 194. Uouacd and tenoned Joint 195. NotcluHl Joint with cleat 196. Htuh-tem ned Joint with cleat 197, Duveluiletl key 

198. Forked U non 
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downward pressure ; 176 is a notched joint to 
prevent the notch^ timber from moving end- 
wise ; and 176 shows a double notched joint to 
prevent either timber from moving endwise. If 
the timbers were sunk flush with each other, it 
would be a halved joint. Fig. 177 is a cogged 
joint used for preventing end movement between 
timbers which cross. The lower one is thus not 
weakened so much as it would be if notched 
entirely through, while another advantage is 
that, even if the end of the upper one be flush 
with the outer face of the lower, there is still some 
amount of end grain to prevent the upper from 
moving back. Fig. 178 illustrates a separate 
dovetailcxl key uniting timbers end to end ; 
179 is an end joint in which the key is formed on 
the end of one of the timbers ; 180 to 184 show 
joint-s adopted for connecting verticals with hori- 
zontals, the liorizontais being either above or 
below ; 180 is a simple butt joint, skew-nailed, or 
in large joints, spiked, not possessing, of coume, 
very much strength except to resist direct down- 
ward pressure ; and 181 has its end let into a 
shallow recess or rebate, and would be called a 
housed joint, though, strictly speaking, a' housed 
joint is one in which the end of the member is 
enclosed on all sides. In 182 the vertical is held 
in practically the same way, the only difh'rence 
being that, instead of a recess being cut in the 
liorizontal, two blocks or steps are nailed on each 
side to enclose the end of the vertical. Fig. 183 
is a simple stub tenon, and 184 a joggle. Another 
good method for a wide post would be double 
tenons as in 136. 

Some More Complicated Joints. 

In addition to these, there are other more 
complicated joints, mostly witliout any corre- 
sponding advantage, which might be employed. 
Figs. 186 to 188 are oblique halved joints, 
which otherwise do not difler from forms already 
described. Fig. 189 is a comer joint which is 
simply a half-lap mitred on one face and square 
on the other, the mitre Ixung made for neat 
appearance, and at considerable sacrifice of 
strength. Fig. 190 is an open mortise and tenon 
with mitred shoulders ; not so strong as square 
shoulders, but oven with its double mitre rather 
stronger than 189 ; 191 is a dovetail, a very 
substantial joint, sujK^rior to a mortise and tenon 
for resisting tension. In 191 the dovetail is 
foiined to resist outward pressure on the vertical 
member, but it could, if necessary, be tapered 
tlie other way to prevent the horizontal from 
being forced upwards. Fig. 192 is a plain lap 
joint, which w’oukl have to be screwed or bolttxl 
together ; 197 shows a tapered and V-edged 


key fitted in a corresponding groove across a, 
wide piece of wood to strengthen and prevent 
the latter from curving or warping. It may be 
planed flush with the surface, or* allowed to stand 
a little above it, as in the illustration, the 
advantage of the latter method l>eing that it is 
thicker, and therefore less likely to get bent 
itself by the large piece. On the other hand, the 
flush surfaces are neater, and sometimes essential. 
When there is no objection to a thick key stand- 
ing above the surface, it is often a question 
whether a simple batten screwed on instead 
would bo preferable. 

Heavy Timber Joints. Figs. 194 to 196 

show some methods of connecting beams with 
posts in heavy timbering ; 194 very much re- 
sembles the tusk tenon in 164, but it is stronger 
than the latter, because the entire depth of the 
horizontal is housed, which in 164 is impossible. 
The entire depth and width of the horizontal is 
supported in the housing, and therefore could 
not shear off, except under a weight that the 
beam itself was too small in section to sustain. 
Housing is often pnictiscd in jointing horizontal 
mernliers when they happen to bo of smaller 
section than the members that support them. 
Fig. 195 is another example which, although it 
is open at the sid(\s, has its entire section sup- 
ported. In this case, a shallow' notch is cut in 
the vertical, and the support increased by 
bolting a cleat beneath. The notch may be either 
parallel in the form of a rebate, or tapering to 
nothing at the top, the latter method not wt^ak- 
ening the post quite so mucfii, but the difference 
is hardly worth considering. 

In 196 the end of the beam is tenoned into 
the post and supportt'd also by a cleat. ‘ A 
stub tenon formed on the lower half of the end 
is used so that the beam is supported from the 
bottom. The cleat in both cases is shown bolted 
to the surface, but it might be made more secure , 
by notching it in the same w ay as the end of the 
be<am in 196. Fig. 198 is called a forked tenon, 
but it is practically the same thing as the o|Km 
mortise and tenon [163 and 190], except that 
it occurs at an intermediate position instead 
of at an end. It is sometimes used in frametl 
wrork w'hen the forked end has to support the 
other in a horizontal position, as in the illustra- 
tion. It holds it more stjcurely than if it was 
tenoned into it in the ordinary way ; but, on the 
ot her hand, the horizontal is very much weakened 
by cutting so much material from its body. 
The edges of this joint ai’e generally slightly , 
vecd or undercut in order to keep the main 
surfaces of the joint in close contact. 


Continued 
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By HERBERT J. ALLPORT. M.A. 


PERMUTATIONS 

161. The number of arruwjnnunt.'i of r things 

which can bo formed from things is calhul i lie 
number of of n tilings r at a time. 

This nundier is denoted by “P,,. 

For example, if we have three letters, a, 6, c, 
the number of permidal ions which can bo 
formed by choosing the lett-t*rs two at a time is 
six. The permutations are 

ab, ae, be, ba, ca, cb. 

162. To Find ’'P,.. Since there arc a differ- 
enb things, one thing can be chosen in a ways. 
Having chosen one thing, there will be (a — l) 
things left, so that a second can bo chosen in 
(n— 1) ways. Now, when a second thing is 
chosen, it can bo placed with any one of the n 
WJiys of choosing the tiist ; hence, from n(rh 
way of choosing the second thing we get n 
ways of choosing tiro tilings. Therefore, since 
there are (a — .1) ways of choosing the second, 
we get n (a - 1) ways of choosing two things. 

Again, when two tilings have liecn choj-tm in 
any one of these ways, a third thing can bo 
chosen in (a -2) ways; thus, since two things 
can bo chosen in n (a— 1) ways, and a third in 
ways, the mnnher of ways of choosing 
three things is n (a - 1) (a -2). 

Proceeding in this manner, w'c see that the 
number of ways of choosing r things is 
n (a — 1) (a - 2) ... to r factors. 

Now the rtli factor is evidently a-(/’-J), or 
n — r-h 1. I fence we get 

'‘P,=:7i(a-l)(a-2)...Ca-r-+' 1). 

163. If we put 7*— ii in the result of Article 
162, wo obtain the number of w.ays of arranging 
n different things amongst themselves. 

Thus n*„= u (H-1) (u-2) 2 . 1 . "C 

This expres.sion, consisting of the product 
of the first 7 i natural numbers, is denoted by the 
symbol \n or n ! and is called “factorial a.” 

164. To find the number of pennuidtlons of a 
thirujs taken all to<^ther, trhen the ihimja are not 
all different. 

Suppose the n things are letters, p of them 
being a’s, q of them ?i’s, r of them r’.s, an<l the 
rest all different. Let x bo the required number 
of permutations. Now each permutation con- 
tains the whole of the a letters, so that e«ach 
contains p letter a’s. Suppose that instead of 
those a’s wo put in p letters which are <liflerent 
from one another and from all the rest. Then, 
by arranging these p letters we get |p permuta- 
tions [Art. 163] instead of a single permutation. 
Treating each of the permutations in the same 
way, we should obtain a; x permutations. 

Again, each of these x x Ip permutations con- 
tains q letter 6*s, and, exactly as before, if 
ire change these q letters into letters which aro 


ditt’erent from one another and from all the 
rest, wo should obtain q [leniiutathuis from each 
of the .rx]p permutations. Hence the number 
of permutations will now ho xx'px 

Similarly, by changing the r letter (!’s, we get 
X X !/) X \q X permutations. 

Put. the n loiters are now all different, and, 
therefore, the niiiMber of ways of arranging 
them is ja [Art. 163]. 

i'i’ 

niul • 

P \L L 

COMBINATIONS 

165. The number of groups of ?■ things which 
can be chosen fiom n things, without regard to 
the (Ocoa(/^?7n#*a^ of the r things in each group, 
is called the number of combinations of 7i things 
r at a time. This number is denoted by ’'0,.. 

166. To Find Facli combination con- 

tains r different things, and, by Art. 163, these 
7* things can he arranged in \r ways. Ilonce, 
each combination gives rise to ])ermutations, 
so that 

|r X ’'C,- "P,. 

Therefore, 

^•0 - 

By multiplying numeifitor and denominator 
of the expression on the right by \ n — r we get 
another form of the result, n’::., 

71 (n-i) (a -2) ... (a-7-+ 1) |/i 

”* ' ~ . , i'l i-'l'-’-' 

167. The number (f combinations of n things 
taken r at a tune is e(jual to the number of coni- 
hin-ations of n things taken (7i- / ) at a time. 

For, ill taking r things away from 7i, we leave 
(a-r) things behind. Ilenco the number of 
ways of choosing (7i-7 ) things is the same as 
the number of ways of choosing r things ; that 
is "0,.,. 

EXAMPLES 35 

1. How many different numbers can be formed 
by using one or more of the numbers J, 2, 3, 4 ? 

2. How many permutations can be formed liy 
taking all the letters of the word rhilndelpkia ? 

3. In how many ways can six people sit at a 
i ourid table ? 

4. In how many ways can three boys and two 
girls be chosen from six hoys and three girls ? 

6. If ’‘Cy - find «C 3 . 

6. Of tlie permiittitions formed by using all 
the letters tif the word successes, how many have 
5 at each end ? 
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THE BINOMIAL THEOREM 170. Int 

188. Ill Article, 27 it was shown that the pro- 
<luct of two compound expressions is obtained ^ I he coer 
by tfiking the sum of the products formed by ’ {( 

multiplying every term of the one expression beginning, 
by every term of the other, tn the same way 
we obtain the continued product of any number expanaivn ( 
of oxprefisions by taking the sum of all the pro* terms equid 
ducts formed by multiplying together any tijrm name. 
of the first, any term of this second, etc. 171. Tin 

Suppose we have n factors, each of which is Theorem is 

{a *P 6), and that wo wish to form their product. 1®® hy put 

If we take a letter from each factor and multiply . j v„ 
those letters together we obbiin a term of the ' ' ' 

product. By doing this in every possible way ExampU 
wo obtain every term of the jiroduct. 

Wo can take the letter n from each factor, wx+oay- 
and this can only be done in one wsiy. Hence 
a'‘ is a term of tlie product. Again, b can be : 

taken from one factor and a from the remaining 
(n— 1) ftictors ; tlie number of w«ays in which 
one h can be choseii is the number of ways of 172. Tlu 
choosing dho thing out of n tilings, or ’'C|. Thus proved for 
the protluci can be formed in ways, so but the rr 

that is a term of the continued pro- vided x is 

duct. Similarly, b can be taken from 2 factors proof of t 
and a from the remaining (n - 2) ; the number apjdicat-ion 
of ways <»f choosing two 6’s is HX, so that. is not a po 
is a term of the continued product. Notice t. 

Proceeding in this way, wo obtain one of the 

(rt 4- by* = a" *f -f ; 

or, using the values of '*C,, "C.j, etc. [Art. 166.], 

(o + 6)" = a“ + na"-'6 + ?- a’‘-^b- + ... + uab" ' + b". 

This formula / | \ / j \ 

is the Binom- , / ^ \ \ “ o ) \ *“ b ““ ^ ) 

ial Theorem* (iH-a!)"*! = l4 -(-. ).t 4- m ^ 


This gives 
' ir-4- ... + x\ 


and the ox- . IS i 

pression on =3 1— 4a:-f- ^ * - x-— ^ * 

the right is 2 2,4 2. 

called the exjHtnsion of {a -t- by*. 

Example. Expand {'Jx-y)K 
By putting a — 2ar, 6 -- - ]/, w = 4, in the above 
formula, we obtain 

(2* - y)* = (23;)^ + 4 (2a:)'' ( - j/) + ~ f- {2x)^ ( - y 


170. In the expansion of (a -f- by* the coefiicicnt' 
of the (r-f l)th term from the beginning is «C,.. 

The coefficient of the (r 4- l)th from the end,’ 
?■ e., the {(»*+* l)-r} or (n — r-fl)th from the 
beginning, is 

But [Art. 167], hence, in the 

expansion of (a *+■ 6)" the coe^ffieients of any two 
terms equidistant from the beqinniny and end are 
the. same. 

171. The most useful form of the Binomial 
Theorem is obtained from the result of Article 
168 by putting a ™ 1 and b — .r. This gives 

(I + .r)" — 1 4- 7ix 4- - ir- 4- ... + x\ 

Example. 

(2*+ 3a)- ^(23:)" (l + 

.32x-U+5.-£+|;4.g+.te.i 

~ 32.r* 4- 240a4a 4- etc. 

172. Tlie formula of Article 171 lias only been 
proved for the case wliero w isa po.sitivo integtir, 
but the result is true for all valiie.s of ?i, jiro- 
vided X is less than 1. We sliall not give a 
proof of t.his, but an example will show the 
application of the formula to casus in which 
is not a positive integer. 

Notice that, if w is not a posit lee integer, no 
one of the factors w~l, w-2, etc., can be 
■^4-’'Cyy'; 7.oro, so that the expansion is 
endless. 

f,u-i Example. Expand (1 4* a:) “a 

The formula gives 


(-1 

^^4- ( 

-!■)( 

2 } 


(4-')( 


\ 2 

1,3. 
2 .4^' 

1. 

1 . 3 

2 ■ 4 

• O •> . 

. A /IS. 

1.2.3 



= 16®^ — 82;rh/ 4- 2\xhj^ - Hxy'^ -h y'* Ans. 

169. General Term. In the expansion of 
(a4-6)*‘ a term of the continued product is 
formed by taking b from r of the factors and a 
from the remaining (n - r) factors. Now r b’s 
can he chosen from n in **C,. ways, so that 
is a term of the expansion. 

By giving a suibdde value to r wc obtain any 
term in the exiiansion ; is therefor© 

called the yeneral term. 

Note that in Art. 168 the index of b in the 
second term is 1, in the third term is 2, and so 
on ; hence the term conUining b*’ is the l)th 
ti'Tin, not the )4h. 

Example. Find the 7th torm of (3a ~ l)'b 
7th term •-:= "Co ~ 1)0 

11 . 10 . 9 . 8 . 7 a. 

~ ~2-. 37 475- 

112266a0 


I, in the above 1 . 80. 

2. 5, 8, 1 1, 14. 

~ :] (2*)" (-»)* + 4 (23;) ( -yf + ( - y)* 
-h Ans. 


Answers to Algebra 

Examples 34 

3 . 512 . 


_y)« (*•) 360 , (ii.) ^>, 

(iii.) 4 ';;, (iv.)?± 7 ^. 
Examples 35 


1. "Pi+Tj + ^P-i + ^P^^: 

112 

a. =r 14968800. 


4h- 12 + 24+ 24 = 64. 


4. %x»C.,= 20 x 3 = 60. 

in the 6. ”Cj =•+’,=- «C„_s [Art. 167], Therefore, 
w--8= 7, and 7i=^ 15. Hence, ’'0.,= 455. 

6 . Taking away two s’s first, we can arrange 

Ipi 17 

' • the remaining letters in or 630 ways. 

|2 

The letters taken away can be put one at each 
end of any arrangement. Hence the required 
number is 630. 

Algebra concluded 
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CUGAR beet is grown in till the countries of 
EurojKJ from Sweden in tlie north to Spe.in, 
Italy, fi.nd Greece in the south. It is cultivated 
in Canada and tlio United Stato, Australia, 
South Africa, Persia, and Siberia,. The plant 
(Beta vulgaris) is incbgenous to the South of 
Europe. 

Propagation. Beet is propagated from 
yeed. The origina,! b(M3t has been improved by 
a ca»reful selection of the best sugar bearers, and 
judicious c,nd scientific fertilising have evolved 
beets which contain as much as 18 per cent, 
of sugar. Vilmorin, of Paris, was the pioneer 
in this work of selection, and his successors, 
Vilmorin, Andrieux & Go., arc still recognised 
as the premier house for beet seed. In England 
the houses of Sutton and Carter have paid 
considerable attention to the production of a 
gooil sugar- bearing beet, fl,nd both sell a good 
seed suitable for growing in England. 

Selection. The method of selection is {jiS 
follows : The beetroots which show least root 
above ground arc pulled and stored, and in 
the spring those richest in sugar are planted 
out for seed. Richiifiss in sugar is found by 
putting the roots into a solution of salt or 
sugar of the specific gravity of P065 to 1*070. 
Boots rich in sugar sink, and these arc selected 
for planting, those floating being rcjceteKl. This 
test is a rough one, but answers well, a more 
scientific method being to test small quantities 
of the juice by the polar (scope. The beets 
selected arc placed in the ground and long seed 
stalks spring from them. The stalks ar<; sup- 
ported by sticks, and when th(3 seeds are nearly 
ripe the stalks are. cut and the ripening finished 
by hanging in sheds in a current of air. The 
yield of seed is about 15 cwt. per acre. Beet 
giving a large sugar yield costs no more to 
grow than beet with a smpJl yield, so thp,t the 
selection of seed is an important matter to the 
grower. Illustrations fi,re given of the Vilmorin 
Improved, the White Silesian, from which the 
former is descended and sometimes regarded p,s 
a distinct species, p,nd the Imperial [9j. Other 
well-known kinds are the Klein -Wanzlcbcn, and 
Heine’s Vilmorin [see Plate facing page 3649]. 

Characteristics of Good Beet. The 
shape and manner of growing of the beet are 
important. The most desired cliarcaot eristics are 
thus summed up by Lock : 

1. Beets should have a regular pear-shaped 
form and smooth skin. 

2. They should not have a tendency to throw 
out forks or fingers and toes. 

3. The flesh should be firm and white, the 
structure uniform, and the fle,vour “ clean.” 
l^in>Bkinned beets are preferable, as the thick- 
skinned varieties are frequently spongy and 
always more watery. 


4. The beets should weigh IJ lb. to 2.J lb. 
ep,c)i, as neither very lp,rge nor very small roots 
are profitable to tjio nipmufiicturer. 

5. Good bi‘cts liave no t<‘iiflcncy to hecomo 
iiecky, and their tops arc always smaller than 
those of inferior beets. The large-leaved are 
preferable to the small-leaved varieties. 

6. Good beets are denser than water. Tlio 
qiumtity of sugar is roughly estimated as stated 
above. If the beets sink in a liquid of 1*07 sp, gr. 
the percentpjgc of sugpir is p,bout 14. 

7. The roots should grow entirely in the 
ground in properly prepared soil. 

Range of Temperature. Authorities 
are agreed tliat temperp,(iire has to be con- 
sidered in beet cultivation rather tlian the 
rainfpJl. Sugar formation is favourably in- 
fluenced by dry weather in the autumn. 
A mean summer temp(*rature of 70'’ F. 
for 90 days is sutticient to mature beetroot; 
if the temperature be much above this the 
amount of sugar is diminished. The crop 
must bo matured and safely harvested before 
the frosts set in. 

Soil. Any good soil that will grow whep-t 
and htis an arable depth of 1*2 in. to 15 in. is 
well suited for beet culture ; it must be well 
drained. Where p, lp,rgc proportion of chalk 
is present in the soil thet juice yield of the 
beet is smPvU but of good qupJity. In the 
United states, Dr. H. 0. Meyers devoted much 
lime to (he study of the growth of beet in 
alkaline soil such as exists in Utah. The 
locality in whicdi the experiments were made 
was al Hooper, slightly above the mud flats 
of Great Salt Lake. Dr. Meyers found that 

* moderp,te irriga- 
lion tends to 
carry tbe sp,lt8 
in the soil down 
to below the 
plp,nt roots, and 
that by deci) 
tillage, main- 
tained through- 
out the season, 
evpqioration and 
rising of the 
alkali may be largely prevented. Alkali soils 
have a great advantR/ge over other soils in case 
of drought, in that tlie hygroscopic salts present 
take up and retain moisture whicli is available 
for plants. Tho tendency of the beet is to purify 
the soil by tpjking up pdkali constituents ruinous 
to common crops. Tho importfi.nce of these 
observp.tions is that e.rid regions unsuitable for 
any other crop mp^ be utilised for beet. 

Sowing. In Great Britain April is the time 
for sowing beet seed. The frosts should be 
over, because if the sowing be done too early 
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and the plants become frost-bitten it will be 
nexjessary to plougli up the first sowing and sow 
afresh. Some sow the seeds in continuous 
line^ along ridges which have been thrown up 
from 14 in. to 18 in. apart. The ground should 
have been stirred up to a depth of 12 in. by 
the cultivator or subsoil plough, and if manured, 
the manure is plotighed in 5 in. dtu^p. A better 
way than the continuous line is to dibble the 
Hco'ds, three? in each liole. To keep the beets 
down to the limits of size — J lb. to lb. — 
they are planted with about 8 in. between the 
roots, bearing in mind that some of the new 
kinds of beet with strong foliage require the 
rows to be iip to 20 in. apart instead of the 
18 in. limit just referred to. The seedlings are 
allowed to grow until 3 in. to 4 in. high, and 
where more than one plant has come up from 
each hole, the wx'akest are pulled up, and any 
misses filbd up with these plants. The quantity 
of seed required, if sowm in continuous line, is 
10 lb. to 15 lb. an acre ; if dibbled in, 6 lb. to 7 lb. 

Hoeing. As soon as the jdants api>ear 
above the ground the soil should be kept loose 
and free from weeds by hand hoeing. After 
thinning and until the plants have grown too 
large, the horse hoe may be used tw'o or three 
times, its work being finished oft’ eaeh time 
with a hand hoe. The soil should be earthed 
up so as to cover the roots, Tf any plants 
begin to send up stalks, the stalks should be at 
once broken off. 

Harvesting. The crop must not bo 
harvested until it is ripe, hut at the same time 
it should not be left to be itijured by the frost. 
In from three to seven months the leaves begin 
to droop and turn yellow, leaving exposed on 
the top of the root a crown of young green 
sprouts. As soon as this takes place, the roots 
are ready to be pulled. If the autumn Ih» cold 
and dry, the roots may be left without injury 
for a week or ten days later, but if the weather 
be mild and moist, new growth w’ould be en- 
couraged, which is undesirable. The roots are 
pulled by hand labour, but more economically 
by special harvesters, consisting of a fork on 
whcc‘ls, drawn by horse powder. The roots are 
caught by the prongs of the fork, wdiicli pulls 
them out of the ground and drops them. Care 
is taken not to puncture or bruise the root.s, as 
this means loss of sugar. The earth is shaken 
off the roots, the leaves and crown cut off, 
and the beets carted to the factory. If the 
roots are to be stored in silos, only the loaves are 
removed, and they are stored as soon as possible 
in W'ell-ventilated underground trenches covered 
with soil, or in properly constru<‘ted silos (see 
Agriciti.titrk, page 1970], the object in storing 
being protection from the consequences of over- 
heating, frost, and too rapid sprouting. 

VJ»e of Manures. The use of manure 
d(?pend8 on the nature of the soil. It is generally 
recommended not to manure the beet crop 
directly, but to lieavily manure a preceding 
cereal crop, and let the residue of manure serve 
for the b^t. With modem artificial manures, 
however, the amount of manure can be adjusted 
to actual requirements, making it advantageous 
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to manure the crop directly instea^ of indirectly. 
Nitrogenous compoimds have a tendency to 
extend the period of growth and delay the time 
of ripening. This tendency must be corrected by 
phosphates. The Victorian Department of Agri- 
culture recommend for light dressing 2 cwt. of 
sulphate of ammonia and f cwt. of superphos- 
phate, and for heavy dressing 4 cwt. of sulphate 
of ammonia and I g cwt. of superphosphate per 
acre. Where potash is needed, f cw^t. to 1 J cwt, 
of kainite may be used. 

Sugar Factory Refuse as Manure. 
The cost is heaviest the first year, because subse- 
quently the refuse of the sugar factory is returned 
to the land, and goes a good way in keeping the 
soil manured. Stable manures must Ik? used 
either on the pn^ceding cereal crop, or worked 
into the soil in the autumn ploughing. Chili 
saltpetre or nitrate of soda can be used in place 
of sulphate of ammonia, and the calcium nitrate 
produced electrolytically in Norway is equally 
efficient. Tlie United States Government have 
carried out a large numlK?r of experiments on 
the effect of manurcvS on beet crops. The 
fertiliser was found to increase the yield of beets 
but not the percentage or the purity of sugar. 
The use of 5<X) lb. of fertiliser per acre decrear>od 
the cost of the beets lid. per ton; the appli- 
cal ion of larger quantities did not j)roduce any 
further docreaso in the cost of beets, so that 500 lb. 
is the most economical quantity to use. When 
20 tons of stable manure per acre were api)lied 
instead of artificial fertiliser, an increase of 
yield was found in every ease as compared with 
unmanured y)Iols, the average increase l)eing 
8,720 lb. per a(^rf\ The ]x?rcentage of sugar was 
increased by an iiverage of 1 -5. In growing beets 
at different distances apart in the row's, it w'as 
found that the iiearer the boots wi^re to each 
other the smaller was the yield per acre, and 
the size of the roots was also less. 

Diseases. Beet is sometimes attacked by 
grubs of the beet canon-beetle {Sulpha oprtca)^ 
the beet or mangold fly {Anthomyia hetce)^ and 
the silver moth (Plicsia gamma). These are 
overcome by spraying the upper and under sides 
of the leaves with Paris green solution. A 
disease known as “jaundice” is prevalent in the 
nortliern parts of France, and generally makes 
its appearance during the first fortnight in July. 
When the plant is first attacked the leaves 
lx?gin to droop and become mottled with white 
translucent spots. It has been found that this 
is due h? bacteria, and as the sugar yield is 
reduced by a half in diseased roots, the refuse 
from the crop should be burnt before being 
returned to the land. Wlien stored in silos, a 
slight loss of sugar takes place, and “greying” 
of sugar has been traced to dry-rot which some- 
times sets in during storage. 

Yield of Beet. An acre of roots weighing 
2 lb. each, and growing 10 in. apart in rows 15 in. 
apart, would, if there were no misses, 3 rield 
40J tons of dressed roots. The heaviest yield 
has been 85 tons, but 25 to 35 tons may bo 
reckoned as the average. At I5s. a ton, this 
would yield from £18 15s. to £26 Ss. per acre, 
the estimated cost being about £8 per acre. 
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leaving a direct profit of £10 to £18 per acre. 
TliiH (picBtion has been dealt with by Mr. Sigmund 
Stein, who is a persistent advocate of beet- 
growing in England. His figures come out at 
£7 l«')s. .5d., made up as follows 


Per acre. 

Per acre. 


.e 

H. 

d. 


d. 

Ueiit and taxes . , 

1 

0 

0 

Brouirht forward 3 1 

0 

(''Icaiiin.u' and fork- 




Ciiltivatin^f . . . . 0 (1 

0 

iiijr \vi*ed Mtubhlu 

0 

1 

0 

Artificial manure.. 1 lu 

0 

Ten ioadn fanm tird 




Seed 0 0 

s 

man lire uikI cart- 




Sowing- . . . . 0 2 

0 

ins* 

1 

11 

0 

l>rillinj^, hooinj;', 


SpreatHnif muinirc 

0 

1 

0 

and tliinnin;; . . 0 11 

0 

Ploujiljinj*- S in. to 




JlarvvNlini;- . . . . 0 10 

0 

JO in. deep . . .. 

0 

8 

0 

Cartinjf 1 8 

3 






£7 15 

5 

(.’nrried forward 

3 

1 

0 

- 

mim 


Mr. Stein, reckoning on a minimum crop of 
15 tons per acre, obtained on tiie balancc^-shoct 
a profit of £7 4s. 7d., as follows : 


£ 8 . d. 

Co.st v»or aero to 
oulti\ ato . . . . 7 ITi fi 
Extra rartinj;’ to tho 
factory . . . . 1 10 0 

Profit per aero ..747 


Ca. 

£ d. 

15 touH iKH't at 18a. 

per ion 13 10 0 

Value of .5 tons 
leaves and lieads 
from roots . . . . 16 0 

3 tons spent slices 

at lOs 1 10 0 

Value of saturation 
lime (free from 
factory) . . . . 0 5 0 


£1(1 1(» 0 


£10 10 0 


Yield of Sugar. The mean sugar con- 
tent of 1,200 samples of beet analysed by 
Graftiaii, a Belgian chemist, in 181)8, was l()-4 
per cent., tho (;xtromc5S Ix'ing 20*2 and 12-5 per 
cent. About half th(3 sugar is obtained as 
sugars, tho rest being divided lictwcon second 
sugars, third sugars, molasses, and losses. Tlio 
average percentage of water in the beetroot is 
77*01), and in the juice extrat^ted 81*51, tho 
average specific gravity of tho juice being 1*077. 

In 1879, a Solcet (Vimmittee of tho House of 
Commons was appointed to inquire into tho 
effect produced upon the liorae and eoloniul 
sugar industries of Great Britain by tho bounty 
system in those countries which manufacture 
sugar for export. One of the witnesses, Mr. 
James Duncan, staled that Great Britain was 
adapted for beet cultivation, but that tho bounty 
system of foreign countries, averaging £2 a ton, 
acted as a preventive of successful production of 
l)(^ct sugar in the British Isles. Dr. Voelckcr, 
cliemist to tho Royal Agricultural Society, stated 
that he found 12 per cent, of sugar in roots 
grown in Suffolk ; 12*5 to 13 per cent, in roots 
from Berksluro ; 11*75 in roots from Surrey ; 
10*5 to 13*25 in roots from Yorkshire, and 10, 
12, and 13, up to 15 per cent, in roots from 
'Killarney. Mr. Martiueau had roots grown 
in Lincolnshire and the Isle of Thanet, and 
obtained 15 per cent, of sugar, compari?d with 
tho average (at that time) of 10*5 jier cent, in 
Franco. 

Experiments In Great Britain. Tho 

factory which Mr. Duncan started was at 
Lavenham, but the venture was not a success. 


Tho quality of the beets improved year by year, 
but the farmers did not properly modify their 
rotations to secure a sufficient supply of beets 
for working at a profit. Sir J. B. Uiwes and Sir 
J. H. Gilbert published, in 1898, a valuable 
summary on tho conclusions they had arrived at 
as to tlio growth and manufacture of sugar in 
the United Kingdom. On the whole, tho authors 
were rather sceptical as to the suitability of 
England as a beet-growing country, and although 
satisfactory crops could be obtained in certain 
districts, the results on the whole country, and 
on an average of sea.sons, wtnx; not, tlu'y said, 
likely to bo profitable. 

England too Cold. The pci’focttjd beet- 
root grown abroad is sii])[>oscd to require an 
average temperature of 7(U F., while statistics 
show that fJie mean temperature for July, tlu? 
hottest month in tlie year i.s, in England, only 
52*5'' F., and for September and October, 50'^ F. 
and 4.3*2'^ F. respect iv'cly. 3’lu‘S(i latter are the 
critical months during which the beet imitiin‘s 
and ripens, and in England, Octolua* is nearly 
always rainy, and often frosty. Nevertheless, 
in favourable districts, it is probable that in the 
majority of seasons, a fair cpiality of beet for 
the manufacture of sugar could bo grown if 
proper care were taken to gather tho harvest 
before the early frosts appc'arcd. Tlicsc inv(‘sti- 
gators strongly recommcndc^d the planting of the 
roots close tc^gether whenJ^y the luxuriance of the 
foliage is limited, the purity of tlu^ jiii(?o increased 
and earlier ripeming secured. Norfolk or Suffolk 
they considered most suitable for beet cultiva- 
tion, tho climate being appropriate, and the 
soil neither too light nor too heavy. They 
added that even if the Continental sugar bounties 
were reduced or abolished, beet grooving could 
never Ik^. commercially ))rotitabIe for the agricul- 
tural districts of Great Britain as a whole. 

Why England should Grow Beet. 
Mr. Sigmund Stt?in, of Liverpool, has for years 
advocated bet^t-growing in England, and in 
December, 1905, lie discussed tho subject in 
a jiaper read beforti tho Society of Arts. Ife 
enumerated the advantages which Great Britain 
pos.sesses over (Continental cmnjietitors. (1) Wc 
can grow' mon^ roots per acre ; (2) we can 
grow" richer roots than on the Continent 
(3) we liavc tho consumption at liand, since 
w'f are tJie greatest sugar consumers in the 
W'orld ; (4) w"c save freight ; (5) w^(^ sav(^ com- 
mission, as the fact(uy sells diri'ct to Ihe con- 
sumer ; ((5) w'C can make use of the latest 

improvements in cultivation and manufacture 
by having at our disposal tJic best implcnumts 
and machinery ; (7) we can maimfacture refined 
sugar dircet at a v(;ry low price ; (8) w"(^ can 
(‘mploy the plant of our works in the summer 
months after tho campaign is over much better 
than tho factories can do on the (.Continent, as w'o 
have many other industries in this country which 
could bo W'cll carried out in this factory. 

Tlio growing of beetroot is to be this year ( 190()) 
introduced in Essex for the manufacture of sugar 
on the spot, the Ipswich ("ham her of Agriculturo 
taking a great interest in the ‘'xperinumt. 


Continued 


1m' a? 
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A CHILD’S WARDROBE 

28 

Day and Night Wear : Cutting, Drafting and Making. 


Frocks. The Sailor Blouse. Kilted and “French” Frocks 


By AZELINE LEWIS 


L-I.W IN"<' |)i <»vi<I<<l tui- 'vlh- ini.Mit, 

we will Willi lllDsc lldlil 

llw loildlin'j sl:i;^<‘ till lliirc in f<Mir 

'I'lif irni<iik“> .‘i.lriM'ly rii.id<“ to allnw.-inc 
Ini' ai oNN ini; inn. 'll kr i d in 1 li»>i-, .i'>. imirctj. 

Ml all rliildicii's lull iiioir 

la.' ly ill ill*' M'ly caily atauc-^ t»l cxi.-,! nn-t- wlmn 
amwtli h' v'Ty lapid All in <‘k, w .li.'^L ami 
hind'! ''Imiild lie lai'ar «'nnM;/li. Imt in»t nx.'u- 
<j,crat(‘d. \\lii<'h ininaik a.]>|)li('s ak<» h» liic '.i/n. 
. 1 .' n\( r-Miu<']| Inlncas nuMii'; addrd wi-iald and 
(•nn'a'*iu< nt ilisi omt'nrt tn t In* <‘liil<l. 

dill.'- la'iMa- II.- 1(1 andlliiT inijinitanl |u.ini, 
A." tile ini. nil Lii'n\\"< mi it>- artisity incrca-c'. .ind 
it i"! I lien a Itic 1 ( > Ixct ji up 
lln- cin'ul:' 1 it Ml .'lid tin* -'""v 

wa.rinth nl Um' IkkIn' hy . \ 

inn\ (•mi'llt'-. ddn- cldtll 

Ml, a, t lldl't'ldl (', slidllld 1 (• *' -T I ' i 

li,Ldil .»nd ^uflicmnlly / / ! ’ I 

w:n'ni. I'Mt iidi !dd j 

w ;p in. .1 - 1 hi,- indin't - ■ 

|)(‘i -]Hi a l ii III and fat iL'iif. | “ i 

’I'In* thniin-l Inr l he under- ' \ } 

wear --lidnld not la' nl , /j( | *\ *• 

a. lic.iAy or clo-.c kind. /' 'i 

w liiUl the Ml a 1 (• r i a. 1 j \ 

.■-f'leclcd Ini' the petti- 

eda.!'' .ind ti'ti'k" slidiiM y 

als. I he dl a liehi in, ike. ‘h v 

I’li-M or si, n filed (/ ''.w. 

Inllinu idiMid the neck i a » y 

.‘didiild I'e a\did*'(|, amf, , ■ d“ 

jrnm tin- point of \ icw , V”’ \ '."V ^ .( 

dl I he child healtli a, ml ' / \ 

eorutoi't. ihe ."inipier the 

,L;aiMn nt t he 1 H-t lii-. '■ - 'y.' O , 

D a y a n d N i n h t , f 

Wear. The lit t le 't ' 

w dolly \e.-t t> '<till woiii 
Milder the little tJicini-e , 

ot limv'.l e.tnihi ie or huie- ^ 0,/' i 

<‘loth T/ie l.'tter, iiow - \ 

over, in a w oolhai elad /j \ 

h.iliy'.N w ai'drola*, would M \ 

he dt the fine-it wool or ■ k j ‘ 

iiuin’ veiling, when the 

^ e-t woliltl he (lispensed 21 i mil 

with 

I* or the first yeai', tin* pileli \o. 1 i.s reipiii ed. 
'!--o the stoik pants, which nuiy he lUMahal a 
little lonuer. Aiter tliis tin* little drawi'i’s shown 
in 2ld are Ix'ttt'r. A litth* slay tiodiei* of eainhrie, 
or soft woolU'M niati'iial, is worn ov<*r the ehemise. 
made t<' tla]i o\(*r s»>inewhat afti'r the slvh* of 
tin* boaiee tor the lony tlanm*! in 1. A knitted 
line, however, is preferable, as it is so miieli 


M'lie little ll.innel ].etlieo:it is attached to Ihi.- 
whihl tin* upper oin* is fi(‘tter made all in om* 
nr buttoned on to a. hodiet* of tin* same inati'iia,! 
in .\m(*riea. a little siispeinh'r hodiei* for tin 
(liaper'x limE niueh f:ivonr. 'I’his is made liki 
:i little chest pioteetor ha'd^ and fiont with 
• fe-t ie at t lie low (*r edue. 

(her the s(*eond Jietlieoilt eom(*s tin* froi'k, 
.ind indoors a, d;dnty ea.mhrie pinafori* would 
he wom. 

A -110111 d re-sine MOW n is a weleonn* addition 
i<» tin* wardi'dlie .ifter the tirst year, a, ltd tin* 
I )oiiiinie.Mi sh.ip(* m tin* sketch is a. \'ery eoni- 
tnitahle litth* model |21/]. 

W itli re-pe< f h> iiiL:.ht 
, ] .i.tlii(‘, the sleepinu suit 




1..I' 

a.n 


i . 1.' L ) 
'/yrnf- 




th|i 

! chemise which eaii hi* 
j A / ' '■ \ ' worn at this aee, t}ionp;h 

\ \ I '' i \ , ma,ny mothers jirefer tin* 
" little eomliination gar- 

. -L ment sliown at (//) ; ((/) 
‘s ot TFlT gives a tlaiim*! petticoat 

witli shaped skirt jiart 

and little hoiliec to mateli. feather-stitclicd round 
the edg(‘s ; (f) is tin* most usual shajie id over 
)»eltieoat cut In one, princc.ss fashion, and trim- 
med with tucks, h*atlier-stitehing and ein- 

hroiderv ; (/) is a small nightgown, with scjUaro 
yoke, ma<le of iongcloih, tlanm*!, iiuiTs veiling, 
or Scotch Avincey. which lioth washes ami 

wea-rs adniiratily, and is eipially useful for frocks 
as well as untlerw-ear. In {h) we have the footed 
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25. DRAFTINCJ RODK’E 

1 25 gives tlie 

(ii'iifting uf a l)(ifU(‘(‘ lor 
th(^ second stage, wliieh 
will form the foundation 
for l)odiee of jx'ttieoat, yoke 
for frock, (‘te. A to li and 
(.' to I), Iti in. ; to 1) and 
A to 11 in. ; A to E, E to 
K, and B to E, 1 in. ; B to H, 
in. ; A to L, o.J in. : L to 
M. in. 'I'lie remaining 
nu'asiiros are marked «m tin* 
diagram. 

Diagram 27 is tlic' ])rine(‘ss 
petticoat shown at (/) in 

21 . 

Tliis shape recpiires ^ yd. 
of JKi-in. materiah aiul, as 
will l)e .S(*en by tlu; broken 
line, is out from the bodice 
just drafted |25]. If tlie 
banded style be jireferred, 
the lower portion is quite 
(Easily added on, eitlier in tlie 
gatliered or circular form, 'the 
low(M’ (Hlg(; may ]m*asure from 
I.[ yd. to l.J yd. round. The same 
model will do for children up to 
four and six years of age, and 
can easily be imMcased in si/e and 
length. The trimming, of course, 
is a matter of taste. 

A Child’s Sleeping Suit 
come to the night attire of the little people, 
from one y(*ar old and uj>vvards. As already 
remarked, for children uj> to two years of 
ago at least, the footed sleeping suit, made in 
a soft, light flannel, is the sah^st form of night 
wear. Diagram 26 shows tin? .shape of the gar- 
ment, which is 14| in. half-chest, and 24 in. 
across the widest part of leg, the length from 
shoulder to point of front foot being 36 in. This 
will take 2J yd. of 30-in. fiaimel. 

Tlu'. foot portion is somewhat eomplieated, 
but if the notches be very carefully followed, 
and those which convspond with each other 
put together, the making is not difficult. 

No. 28 shows at A the foot iMjrtion, and At B 
the foot, heo! and sole put together, and the 
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26, FOOTED SLEEPIXO SriT 


relative position of the notches. The 
seams arc herring-honed with very fine 
cotton. 

Jf more protection is required at back 
and front, a yoke can he added, cut the 
same .she )) 0 , and stitched or feather- stitched 
to th (5 i*.uit, which can ho worn by cither 
boy or girl. As for obvious reasons it 
must be cut somewhat long and large, 
the fo(4. ])ortion should bo drawn in to 
the antdc's by a ribbon or elastic passed 
llirough fancy stitching. 

After the ago mentioned, a nightgown 
may he ])reteiied, though the male infant 
will kec'p to the skioping suit without feet. 
Diagram 29 gives a model of a simjde 
sacqm^ affair whicli, like* the princess 
petticoat f2/], can be easily evolved from 
the bodice shown in 25 by increasing it 
in length and width. The broken 
lin(‘.s show the direction to bo taken 
for the skirt part if a yoke night- 
gown bo required. It is betto 
made to fasten (atlier at centre- 
ba' k. or left- side of front, thus 
atfoirling }>roteetion to the <4i(‘st.. 

'I'bis pattern, it may be noted, 
vv ill d(j for the small dressing-gown, 
in wliieli ease, of course, the front 
would be left open the whole 
way down. By curving the 
front neck, if made with a 
yokt‘. and adding a wide 
fold of material round neek, 
down yoke, and fronts of 
gown, wo shall have a very 
nice co])y of llic kimono 
style. For either shapti yd. 
to 2 yd. of 36-in. material 
will b(‘ needed. 

Tlie making uf these gai’iuonts 
sliould pri'sent no difiiculty if the 
DiiEss.M.viciNcr and UNDER(a.OTH- 
iN(j Courses have been followed. 
Fine work, however, is very neces- 
sary, not only for the appearance, 
but also for the comfort of the child. 

Frocks. We now come to the 
(piestion of frocks, and here we 
liavc a 


We now 


wide 
selection as far as 
make and trimming 
are concerned, al- 
though for the first 
year or so the choice 
in cut is chiefly 
limited to the yoke 
and smocked styles. 
The yoke may be at 
the shoulder only, or 
may extend below 
the, armpit iii the 
Empire style, both 
of which are easily 
cut from our draft- 
ing, and the preceding 
instructions. 
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For a rapidly growing child the yokoless 
smocked frock is decidedly the best, as it ex- 
pands BO readily, but 
it should bo cut with 
the sleeves carried up 
to the neck, as in the 
drafting of the long 
flannel of diagram 2 
[p. 3744], and not with 
a round armhole. This 
is an important matter, 
as the armhole does 
not expand with the 
growth, and it is likely 
to irritate and cvem 
hurt the child, besides 
being more difficult to 
smock than the other 
shape, and loss elTec- 
tivo when done. 

A point to bo re- 
membered in smocking is that ample material 
should bo allowed for the purpose, as skimpiness 
detracts very much from the beauty of the work. 



From four to six years of ago tlie yoke and 
smocked stylo is usually worn, but may be 
varied by the long-^w aisled French variety, 
or the kilted style, 
with a sailor or Ameri- 
can blouse, equally 
suited to girl or boy 
from two and a lialf 
years of age. 

Diagram 30 depicts 
a drafting of the latter 
style, the bodice of 
which can also bo 
evolved from 25, 
either high-necked or 
open, sailor fashion, 
the former shown by 
the broken lino. 

Without the collar, 
and with a box-pleat 
in the centre, it forms 
an American blouse. 

The sleeve can either be put in a cuff, or 
pleated at the wrist-part to form one. 


For a sailor blouse, the collar 'would be of 
double material, the edge tunuKl in and stitched 
once or twice, the first 
row quite close to the 
cdg(‘, the second \ in. 
to J in. from this, 
'^riic under part, is 
secund to the idgc 
of blouse, which sliould 
liave a linen stay 
to prevent stretching, 
whilst ca.n^ should be 
taken not to Htn‘tcli 
either edge^. 

The scam nuist be 
wc^ll pr(‘ss<‘d, when the 
upper ])()rtion can be 
lieinmed over tin* 
turnings and again 
pressed, earo being 
taken with the points 



1 . .1 

• tNCMes 



of the collar to keep 

2 >rcvent them having a thick appearance. 

A Kilted FrocR. The kilt, fasten.s at 
th(‘ back, and is 
iKunnu'd before being 
pleat(*d. It nuist be 
very carefully marked 
and spaced as shown, 
so that the 2 )leats are 
([uite (iven. When 
tacking, earo must be 
taken to kec^) the 
lirst i)leat at tlu^ 
lower <^dgo in a line 
with the upper one. 
and with the thread 
of t h material, 
otherwise each s\ir- 
cceding one will get 
more on the bias, 
and the at^iJearanre 
will bo spoilt [see 
31]. With respect to the material required, this 
frock will take about 2 yd. of 44-in. goods. 
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DRESS 


Diagi Jiiii 31 hIiows half of kilt tacked and ready 
for pressing, which should bo done on a hard 
surface ; it will take a little time to get the 
}>l(5ats perfectly flat, especially if the cloth bo 
llii(rk. It is best, when doing this, first to put 
the iron on the bottom edge whilst holding the 
other taut with the left Jiand This will keep 
the ])leat (‘dges straight, which, if thci material be 
at ail wiry or thick, may not. always be jin easy 
task. When this is so. a s<‘cond row of basting 
in tJie middle is advisable. The kilt is arranged 
at the waist, into a band, Avhich })uttonH on to 
a little under-bodice of 
lining. 

This frock is ca])al)l(‘ 
of various moditications. 

If the blouse portion be 
made litth? narrowta* 
at tlu^ hjwcr edge, and 
left loose lie.*(} an<l at 
tlie fronts, it forms 
the little QuartermasU'r 
froek illustrated letter, 
and is 'worn over tht^ vest, 
bodieo depicted with it. 

in th(^ long-waisted, 
or Freneli, froek the 
})odiee jiortion is earricMl 
down a few inelu'S beUnv 
th<’ waist line, but 
should not bo too low, 
as this impedes the 
movements of tlie child 
The making of tl»is style varies considerably, but 
can be easily accc>mj)lished by means of tlu‘ 
foregoing diagrams and an a})])roved sketeli. 
and is more fully explained later on. The skirt 
should never extemd below the kn(*(‘ and should 
also be mack' a littk^ shorten at the back than 
tlie front. Long-skirUal frocks are only suited 
to yoke and banded styles, but Avliilst (‘.xtn'inely 
j>ieluresque and cpiuint, not. very ])ractical. 

For children of Iavo to four and six years this 
style will require yd. to 2.J yd. of 44-in. 
material, much, of course, dejx'iicling upon the 
style and “ frillinc'ss ” of the froek. 

For out-of-door wear after the pelisse is aban- 
doned, the little matinee coat shown at (^) in 
21 is a vcTy great favourite with most mothers, 
and is adapted tu boys and girls from l.V to two 
and three years of age. >Many mothers make 


da.int*y little slip skirts to wear with these coats 
out of dooi-s, as r(X)Oinmcnded for tlie infant. 

For boys, though, a severer style is more 
suitable. Tlieso slip skirts measure IJ yd. to 
2 yd. round, and are just gathered into bands 
1 in. or so wick;, and fastc'-n on like the ordinary 
«)ld-fashioned pet ticoat ; or they may be fastened 
by means of ribbons over the shoulder, as in 
the baby's slip skirt shown in diagnim 1, which, if 
crossed* over at back and fremt make a pretty 
tinish. For winter, if tlio long saeque shown 
in 32 is preferred, it can bo made with a cape 
end worn with a lace or 
tulk frilled collar accord- 
ing to taste. It will 
take; 2] yd. of 44-in. 
material, and, as will bo 
easily seen, the abovc'- 
named matinee coat is 
merely a shorter c'dit ion. 
witli the corners cut-. 

Headgear. For tlie 
first feAV months, bab}^ 
boy and girl wear the; 
same kind of lieadgear : 
but after thiui the boys 
Avear hats and the girls 
li () () d s o r b o 11 n o t s . 
IMu'Se should at tirst be 
of such a make and 
material that, they do 
not cause any inconvtmi- 
t'nco to the small head, 
and of tlu‘ soft, close kind AA^hieh the Frcricli 
ajflly term a. “ doi’meuse." 

For boys, hats Avith or without brims, Avith a 
soft riiehed cap inside, an; worn at tirst, the 
cap being omitli'd as. tin; child grows. After 
this, cloth tarns, “jelly-hags,” and Turkish 
caps. “ man-o'-Avar ” and sailor hats are added 
to the li. l. 

For girls there is a wide choice in styles. 
Avhieh. howeviT, ivsolvo th(‘mst*lves into modi- 
lications and varietic’is of the Dutch or Puritan, 
and the Direetoire, or poke, bonnet. In summer, 
frilled or flop]»y- brimmed hats, and dainty, 
modifk'd or sun bonnets are best for 

small gills, and mushroom shapes as they grow 
<Alder. Tn Avinter, of course, the quaintly pretty 
Dutch bonnet, may be advisable if prefeiTecl. 


!Sce MlLl.lNERYj 
Cvntinucd 
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NATURALISTS 

The huwiness whioli, for want of a better title, 
is called that of a “ naturalist,” is usually com- 
bined with anotluu- branch of shopkeeping. 
The most suitable businesses upon wliich may 
be grafted that of a naturalist are those of a 
furrier and of a deal(*r in live animals and birds. 
Sometimes gunsmiths, fishing tackle dealers, 
antifpie dealers, and even barbers, house fur- 
nishers, and tobacconists, take up the depart- 
ment. The man wlio adopts it must have a 
personal taste for it, and a knowledge of and 
liking for natural history in its various depart- 
ments. 

The trade has deprficiated recently from two 
causes — first, the flooding of the market witfx 
cheap, gaudy, and badly -prepared glass shades 
of foreign birds, whose appearance repels people 
of taste ; and, secondly, the Wild Birds’ Prot.<*c- 
tion Act, which protects so many of the species — 
and rightly so — that the city sportsman has now 
a great difficulty in jxursuing his sport. 

Stock. To make a side line in this trade*, a 
shopkeeper must, of course, show specimens of 
many kinds, and the taxidermist is usually 
willing to let him have these on terms of sale 
or return. In exhibiting thorn, care .should 
be taken to put them in a positirni so tliat direct 
sunlight does not reach them, as the bleaching 
effect of light will soon spoil both fur and 
feathers, and ruin butterflies. Glass cases will 
steam inside from the effect of direct sunlight. 
Stuffed heads of animals, not in glass eases, and 
rugs, will require to be car'efully fir'cd from 
dust, which induc<\s the attacks of inotlis. if 
the presence of moths bo» suspected, a bnisliing 
with benzoline will jrrevent trouble. Benzoline 
must bo applied in the open air, on account of 
its explosiveness, and should be allowed to 
evaporate AveJl before bringing the specimens 
indooi’s. 

In towns where there is a good college in the 
vicinity, some trade may be done in implements 
and in cabinets for insects and eggs. Insects’ 
eggs themselves had best bo avoided, except by 
those who are able to identify the specimens and 
their varieties. 

Mounting Specimens. The mounting 
of horns and heads on shields (nsually made of 
polished oak), foxes’ heads and hares’ heads and 
feet, as sporting trophies, will be the principal 
trade in a country town ; but care should bo 
takon to ascertain if the specimens brought for 
preservation are in a fresh condition, especially 
when the weather is hot or damp. A good 
test is the brightness and fulness of the eyes. 


Specimens sent by })ost or rail should he packed 
securely in a box, with dry hay or -^tvaw, all 
risk of erusliing being avoid<‘d. 

It is usual to obtaiji a deposit of ‘i.") jxer cent., 
especially fmju a new and unknown custonuu-. 
This will be found necessary, as tln^ prcqjaration 
of the spoeiinens take a ( onsiderable time, find 
the customer's interest, in the interval wanes, 
and there is the risk of having goods left on Ixand 
unless the deposit be insist«*d on. This is par- 
ticularly so in the case of pet animals and birds, 
the owner s grief in. many instaixees being assuagexl 
by the acquisition of a living duplicate. 

In the eveuxtof sj)ecimens being received from 
abroad, especially the tropics, they must be 
eareftilly examined, and if there are any h‘v(* 
iixseets, tlxey must be treated with pi’eserv^atives 
[see Taxideriixy] aixd slor(‘d in a dry place off 
the lloor, away from risk of rats aiul mie(?. As 
a customer very oft tux does not reqniro his 
eolleetion mounted at once, a charge for ware- 
lioxisiiig may be xnadc. 

Precautions in Packing. All finished 
woi’k is best delivered without being packed ; 
but if the dislaneo Imj loo great, ami a 
packing ease necessary, a cliargc* is made 
for tills. ’J’he box for a glass .sJiould be 

only a few inches laiger than the cas(‘, and only 
straight dry straw should bf* used in packing, 
care being taken that tin* )nessurc; is only on 
the Avoodwork, and the gla^^s fn‘(\ Large heads 
ami horns may he pa< ked in crates and tixed 
by large screws through the hacks of the 
.shields, and the herns siqiportc'd by ercjssbars 
of wootl 

It will be seen from the foregoing that a certain 
amount of limle can be dune with a very small 
outlay. The taxideinuist will recpiire cash pay- 
ment for work dtiixi*, but. probably the dealer 
will be compelled in sfune instam(*s to give 
credit, bnt he must aiTungi* his price to cover 
that ; ho will aJ.so a.ssume some risk in having 
work ]t*ft on hand, but he can dispose of suelx 
work after giving due notice to the owner 
of his intention. A great advantage is that 
iinished work is iifxt pciishable if ])rop(‘r care 
be taken. 

It will seldom pay to dispose of goods by 
auction, uixle.ss they can be ineludod in a sale 
of similar goods — that is, natinal history speci- 
mens. This can bo done by including them 
in one of the periodical sales, such as axo held 
periodically near Co vent Garden, London, W.d, 
where large quantities of natural histoiy, entomo- 
logical, and geological specimens are offered, 
and the dealer can often pick up a small stock 
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of saleable articles ami specimens suitable to 
his district and trade. In buying, he must 
renieinber that the return may not be immediate, 
and tbat second-hand articles nearly always 
require a little outlay for renovation. 

Freaks and Curiosities. < 'nriosities in 
the way of freaks, sucli as animals and birds 
with ail abnormal nun)h(*r of heads or limbs, 
can seldom Ik* sc)ld to any advantage. (jIockIs 
whicji sell most (juickly are those of the orna- 
mental typo, such as mounted liorns and beads. 
The larger and more mature command the best 
price and tlic (luickest sale. The dealer must 
lie able to detect the species at a glaiicf*, and 
so to judge its proper value, 

Drosr.cd skin rugs niul feather scit'cns soon 
show signs of wea-r, and should b<‘ carefully 
examined for j>ro))able s])ots wliieh moths have 
alta'-k<‘d. 

'riiC! sale of native arms, lm]»l<‘meuts. dress, 
and ornaments, is fre(|iU‘Ully combined with this 
trade, but it is dillicsilt to jndg(* if om* is buying 
an imitation made in lids country or not. 
Sometinu^s a known (“ustomcr has a surplu.s lot 
of curio.s tt) dispose of, colh'cted by him.sf If, and 
autlu'ntic ; an opportunity of this s<»rt should 
not be iK^glected liy tin* dcjilcr. 

Prices. "I’hc sulqoined list of ])riees may 
b<^ a guide for general woik, but tin* variation 
in th<.‘ requirements of each eustoim*!* and in- 
dividual specimens mak<‘s it impo.ssibh* to 
)>uhiish a eom])let(‘ list of charg<‘s. 'the best 
way would be for the d<‘a,lcr to get an estimate 
from the taxidermist as the practi<'al man ludore 
giving a binding prie(\ 'I’hc pric<‘s <|Uoted an* 
those below which it is impi^-^sibli* to exjXKt 
good and reliable work. 


Rirds. 




8. 

d. 

Stuffing small bir<Is, witlio\it ea>ie, u]i 



to the size of a linnet, goldlineh, or 



(winaiy 

2 

0 

Si/.c up to })igeon 

4 

0 

Size u|) to grouse 

0 

0 

Size up to fiheasant 

S 

0 

Double this for tin* cost of the binl mounted 

ill 

plain case. 



Fresh AVater Fisfi, 



I'hit 

I>«nt 




£ V U. 

£ s. 

>1. 

Weight 1 lb. .. .. 12 0 

14 

0 

„ 2 Ib U 0 . . 

It) 

0 

„ 3 1b If) 0 .. 

1 0 

0 

„ 4Jb IS 0 .. 

1 5 

0 

„ 5 lb 10 0.. 

1 8 

0 


A MM \LS. 


Squirrels, xvithout ease 
Rabbits „ 

Foxes „ 

Double this for ea'^ing. 
Fox's head only, on shield 
,, brush, with handle 
fallow deer's liead 
Red deer’s liead 


£ s». cl. 

5 0 
10 0 
2 0 0 

18 0 
5 0 
2 0 0 

3 10 0 
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Dressing skin of rabbit 
„ fox 

,, ,, deer . . 

„ tiger or lion . . 

TigcT or lion, with bead stuffed and 
vyoH inserted, lined and bordiu’cd 
with felt 


£ a. li. 
0 

3 0 
10 0 
0 0 


3 0 0 


Aids to Selling. A photograjdiic album 
of finished specimens is of grca.t value to oon- 
v(‘y an idea of tin; best Avay of treating them, 
and will .save room, etc., the dCcaler not re- 
quiring to hav(r the objects tluunsclvc's at liaiul. 
This is c'specially valuable witli respect to the 
mounting of horses’, rhinoceros’ and hi})p()- 
potamus’ hoofs and feet, which are sometimes 
mount (hI in silver, cop])er, and brass, as 
inkstands, cigar, cigarette and tobacco boxes, 
cfiudlesticks, trinket boxes, paperweights and 
doorstt)])s. Kleplianls’ feet are also made into 
workboxes, flow (‘r-.st amis, footstools, umbrella- 
stands, and litineur stands. 

Foxe.s’, luin‘s*, and otters’ feet (or pads, as 
they are called in the trade) are mounted as 
pap»‘r-kuives, h'tfei' eli}»s, wldp haiidl(‘S. Deer's 
hoofs, with part of the leg included, can be* 
mounted as w hi]) handles and hat jiogs ; a 
s<‘t of four nuiki's a luindsome candelabrum. 
Various animals' tails are utilised as whisks and 
brushes. 

Opening Business. Kslaldished in a 
town, a port in prefenMtee, the beginner w'ould, 
by judicious advertisement, get into loiicli witli 
th(‘ sporting community, witli wlioni his Imsi- 
liess mostly lies. 

I'Ik' naturalist should be able to use rod, 
rille, and shot-gun ; and if j(‘(|uired to accom- 
pany Ills eustomeis on an (‘xpedition for big 
game, etc., the opfiort unities for observation, 
making notes and sketelies ou tin* spot, some- 
times from Iif(‘ or at all tinu's from fresh-killed 
specimens, eae invaluable. It is quite ex- 
e(‘ptioiial for sportsmen to take an experienced 
man with them, and consequently many a 
valuable spi'eimen is spoilt by having the 
skin literally torn off by the natives and roughly 
driefi, taking its chance of luindreds of de- 
.structivo insects and risks of injudicioii.s 
jiacking making it valueless for scientific 
purposes, as, if mounted, it must be re})aired 
and faked to make it presentable. For a 
business of this description premises with a 
shopfront are not necessary. 

Workshop. A lofty, well-ventilated work- 
.sliop with a largo stove, whaler supply and a 
largo sink is necessary. The shop should be 
big enough to accommodate the largest 
animals and leave room to manipulate them, 
A convenient size is about 50 ft. long by 20 ft. 
wide, with doors 15 ft. high by 8 ft. wide. 

The tools required are described in the article 
on practical taxidermy. To learn the trade a 
start must bo made very young. The boy must 
show a decided interest in natural history, and 
have grit to endure the many unpleasant pro- 
cesses and difficulties connected with it. 

Apprenticeship is not universal in the trade, 
the boy usually starting at the bottom of the 
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ladder, making Ixiinself generally usehil (or 
perhaps otherwise) for a small wage, and work- 
ing up. 

The salary for a first-class man is not likely to 
exceed £3 }X‘r week, hut if thoroughly scientific 
and well versed in the requirements o^ museums, 
a more lucrative appointment may he obtained. 

NEWSAGENTS 

Tn the present state of society the m;w«agent 
IS as (\ss'‘ntiilly a ])art of inotlern life as the 
printer and the reporter, and there should be no 
difficulty in anyone with the ambition of l>eeom- 
ing a disseminator of news finding a suitable. 
sj)hero for his activities. 

Tile amount of capital required to start 
deptmds entirely on the ideas of tlu' beginner. 
For instance, he may select a stand in a 
busy thoroughfare, or a pitch near a railway 
station, where a constant streain of men passes 
morning and evening, and, with the ex]K‘nditurc 
of II few shillings, obtain and dispose of a supply 
of the morning and (‘vening papers. Or he may 
ally himself with on** particular newspaper, and 
obtain from tlie manager a district, which he is 
(‘xpected to work foi‘ all that it is worth, 'riie 
class are familiarly known as “ hawkers,’' 
jMid soiiK^ ])eoplt‘ are squeamish about V(*nt uring o7i 
such a course. A good wage, ho weaver, is usually 
made right away, anti there are no exjxenses to 
come off. We have known many a 8pl<*ndid 
luisiness built up from just such b(*giimings, the 
initiative and aU'rtness demandt^d in this line 
b(‘ing an excellent training for future and more 
extended operations. 

The Shopkeeper Newsagent. Pn‘- 
suming, however, tliat the aspirant wishes to 
blossom forth at once as a sho])keex)eT, one of 
two courses is open to him: first, to acquire a 
business which, for some reason or other, lias 
come into the mark(*t ; or, s*‘Condly, to select a 
sliop, preferably in sonu* busy t horoughfare. With 
regard to the former course, that of acquiring a 
business as a going concoru, the utmost caution 
must bo exercised by the buyer, as frequently, 
despite tlie specious reasons given by the seller, 
tliose businesses which come into the market 
are either suffering from “ dry rot or have got 
into the sere and yellow leaf. Assuming that 
the business is acquired, the first thing to (lo is to 
notify the change to the customers and wholesale 
merchants of your predecessor. This is generally 
done by joint circular and adv<*rlj‘sement. Then 
call a clearing sale, and get rid, at any co.st, of 
the old stock. 

The New Business. In regard to the 
opening of an entirely msw business, the choice 
of a line to be run along w^ilh the news agency 
will lie entirely with the beginner. Wo are 
concerned at present with the newspaper trade 
only. An advertisement should be inserted in 
the newspapers circulating in the vicinity, 
ti-nd a neat circidar drawm up and address^ 
to likely parties in the neighbourhood. Do 
not grudge expense in advertising ; money 
judiciously spent thus is a good investment. 
It ■ is a wise thing to make a systematic 
canvass of the district in which the shop is 


situated and, if possible, to obtain ordtn-s for the 
permanent delivery of the morning and evening 
newspape^rs, magazines, etc. 

Buying Terms. Where possible, it is 
always well to deal dirt'ct ; l)\it any good 
wbolesaU* honse w’ill be pleased lo quotes terms. 
.\s a nile, 2.'“) p(T c(‘nt. is all(»wcd olf tin* 
o (final y pc'iiny and lialfpenny pa.})crs. On 
some tin* dciil(‘r may get a little more*, while 
on others he will be .allowed less. Of (‘ourse, lui 
w ill not g( 1 those terms for the sixpenny w(‘ekli(‘s, 
and some of them will cost him fi.Jd. plus the 
carriage. Jl is obvious, therefore, that thest* avi* 
not a source of ])rofit directly. In fact, when 
carriage is eoii'^idercd, to say nothing of dcliv(‘ry, 
the balance is decidedly oi\ the wrong side' of the 
ledger. As a rule, news-igents who know' tlieir 
busin(‘ss su]>ply the sixpenny Aveeklies only to 
customers foi- otlu*!’ news]>a]>ers or magazines. 
IVnding b(“tter tra’ins, it might be Aviso pediey to 
leave th(*in severely aloju*. Tlu* s>».nie remark 
ap]>lies to special editions of trade ]ja])crs, 
Avbicb an' issui'd at cci tain season.s. It is a good 
maxim in business to “ l^*t evt^ry herring liang 
by its oAvn head. ’ 

Accounts liaA’o usiinlly to b* paid monthly; 
but unlc'ss gootl seiairity is given, the beginner 
must pay cash in advance'. As to the class of 
newspap*rs Avcnt('d, tliat will de]r'nd to a large 
ext<‘nt on th** locality in which tlu* shop has been 
opened, and the common -sense of the neAvsagent 
must lu'Ve, as always, come into play. For 
instanec, if the shop be in the vicinity of a 
school, a good tiade may be dime in the 
execl]i*nt juvenile lit(?rature Avbieb is now so 
])l(mtifAd. 

The Shop. In order to attra(*t, and Avhat 
is of equal imjiortanci*, to n^taiii. <aislom‘'rs, tlu* 
shoj) should have a neat and tidy app(‘arance. 
Th'‘ papers should be arranged neatly on tlu* 
counter, so that the. visitor may (aisily read tlu'ir 
litk's. ,\ judicious dis])lay of sbow'-bills and lU'at 
cards ni iy bt* used with advantage*. The windows 
should be an ind(‘X of tlu* slio]), and have an 
attraeti\'e and inviting a))]>earance. Tlu‘y should 
be frequently changed, and on no account should 
llu^ annonncenu'nt of a Cliristmas publication 
In* allowed to hang till Easter, nor the advcrlisc*- 
incnt of a Siiininev Numlna- stare om^ in the face 
at riiristmas. There is nothing more rcpcdk'iit 
and d(‘trimental to business than badly-dn'ssed 
windoAvs. They give one the id('a of untidiness 
and uiipnnetnafity on the j).’*rt of the sliojikeeper 
— two fatal defects in any business. 

The TU‘Avsagcnt w ho is alive Avill take advantage 
of the pk'ntiful supply of literature Avhich is 
freely olfered t(^ push the sale of forthcoming 
neAvspapeu’s and periodicals, or to give a fillip lo 
those already in th(3 market . 

What to Sell. Quite a good trade may 
be done in the sale of cheap reprints of standard 
works, and in magazines and periodicals. 
This is considered a jwrfectly legitimate part of 
the newsagent's business. An excellent feature 
of this class of literature is the increasing 
number of publications which are noAv being 
issued at net prices, and Avhieli, as a rule, jneld a 
profit of 15 per cent. This is fair alike to the 
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public and to tliose who handle the gootis. The 
pnrcliaser knows tliat lie is paying the market 
price, while under the discount system he may 
pay ninepence in one place, tenpence in another, 
and if he buys at a railway bookstall, the full 
price of a shilling. 

Special editions of the illustrated papers, 
issued in connection vvitli great national events 
and at Christmas, are now recognised institu- 
tions, as are also the* double numbers of magazine.s 
and other ptM'iodical.s. In these th<^ alert news- 
agent ma> usually do a good stroke of business. 
If he is w'isc, however, lie w'ill take full advantage 
of the adv(*rtising matter issued by tlie publishers 
and book liis orders Ix-fon hand. Tlii.s, (>f eour.se, 
means the expenditure of a good d(‘al of time, 
and also money; but it will pa3^ He will do 
well to limit his supply as nearly as pos^’jble to 
the orders wliich he has received. That is until 
be knows his district thorough^, and even then 
lie should be guided to a large extent by this rule ; 
because even old and experienced dealers have 
again and again be<‘U bitttai by laying in a heavy 
slock of “ syK^cial ” numbers in antudpation of 
the big rush which never came off. 

Returns. The question of “ returns ” should 
be very carefully <jonsidered by the newmgent. 
On a number of ni^wspapers and magazines a 
certain yxTceiitage of “ ret urns ” is allowed. This 
enables the shopkeeyxu* to stock these publications 
without running the risk of heavy loss. Of 
cour.s<‘, it is n<»t fair to abuse the yirivilego 
which is thus given by tlie publishers of these 
yx^riodicals, The newsy layier list should be 

(‘arefully gone over every week, and scrutinised, 
and “ r(‘turns ” reduced to a minimum. All 
non-returnable new'syiapors left over should bo 
relentlessly cut off, and no yiapiM’S kept c^xceyit 
those for which there are detiuite orders. The 
same remark applies with equal force to the 
magazine list. This must lije keyit sto.adily in 
view unless profit-s a.re to bo reduced altogether 
to the vanishing yx>int. An old m'wsjjaper or 
magazine' is gt*neraily of as much value as, say, 
la.st 3 ’'car's almanai*. Hlie newsagent must pay 
.the carriage on his “ returns.” Some publishers 
are now acceyitiiig the headings of old newx, 
papers in lieu of the ncw’spayx'is th«miselves- 
tlius saving the new'svi'iidor thii oarri.age charge. 

Profits. The question “ What profit can 
bo made?” is tho most important of all. In 
arriving at a satisfactory answer there are a 
good many j3oints w'hieh must be considered. 
Of course, the first is (he price at which goods 
may bo obtained. As already indicated, 2o per 
(‘ent. is allowed off the ordinary penny and half- 
penny newspapers ; somt> publishers allow a little 
more, wliile a considerable number allows only 
about 15 j)er cent., and in tho case of the six- 
yienny weeklies, nio.st of the yiublishcrs allowr 
only 7J x>cr cent. Put it down at say 20 j)er 
cent, on newT<papers over all. Taking net and 
non-net magazines together, say 10 per cent. 
Now, let us take a business turning over, say, 
£600 a year, £500 of which is newspapers and 
£100 magazines and other periodicals. We 
have thus a gross profit of £110. Let us see 
what expenses have to come off. 
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Delivery. Take first tho cost of delivery ; 
and wdth the advent of tho halfpenny paper, 
the question of delivery has come to be a 
serious matter, because tho newsagent has to pay 
the same for delivering a halfyjenny paper 
as he has for delivei’ing a penny one, while 
his yirofit is oidy one-half. Then, as districts 
are often widely scattered, and distances 
at which the yiapers have to be delivered 
considerable, this necessitates a number of 
erranfi Imys. If 10s. a week — that is, £26 a 
year — be allowed for these, tho estimate is 
moderate ; a girl to attend tho shop and look 
after the books, say another £26 a year. 

Then car li ago is a very heavy item. On 
a business tmeh as wo liave supposed, it would 
amount to no less than £12 a year. There is 
thus loft the sum of £46 to pay the newsagent’s 
own wag(^H, rent, taxes, light, and fuel, to say 
nothing of j^ostages, advertising, and leakages. 
Not much prospec't tluiro of soon amassing 
a prine<‘lv fortune. It may bo jiointed out 
that in tho laige towns, wliere there is a 
W'holesale house, tlie newsagent is in a nuieh 
better x>ositioii than bis brother in the country, 
in respect that he has no carriagt» to })ay ; 
and tho bigger the tow'n tho bettor prosj^ect 
there is of a larger cash trade being done. 
On the other liaud. liow'cvcr, to balance this, 
the rent in tho metropolis and other large cities 
is much higluT than in provincial towns. 

Charges for Delivery. In tho good old 
days w’hon tlie customer was content to wait 
the i)leasnro of tho nowsagent in dolivering 
his xiaper, sometliing might have been, and 
no doubt was, made at the business. Now', 
W'hen every eiistonu'r wants his morning or 
evening pajicr as soon as it is published, or 
immediately after the arrival of tho train, it 
comes to be a question, unless delivery is charged 
for, w4iether tlie game is wnrth the candle. 

A good many tow ns in Kngland, and a number 
of 8eottisli towns liave adopted the charge for 
delivery, and the arrangement has wnrked well. 
It might, therefore, be advisable for tho news- 
agents throughout tho country to take tho matter 
up and devise means by which concerted action 
might be taken. It is more than likely that tho 
public wnuld at once fall in with the suggestion. 
Men like and expect to bo paid for their own 
work, and do not, as a rule, object to those who 
work for them receiving a fair wage. 

WorK of the Newsagent. Anyone going 
in for the newsvendor business must make up 
his mind for a life of hard work and strenuous 
endeavour. It is not tho line for tho Tired 
Tims and Weary Willies. To do the work 
thoroughly ho must bo up early and work 
late. He must go to tho publishing offices 
or attend the arrival of tho early morning 
trains himself and see that his army, of 
boys are all forward and supplied with the 
papers for their various districts ; and, in 
tho event of one or more not turning up, 
he must arrange for others to take their 
places — a rather difficult matter. The morning 
papers must all be delivered before break-. 
fast, oi* before business men go to their offices. 
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Tiu! echoes of tho machinery which produced the 
morning papers have hardly died away wlion 
the whir of the presses throwing off the evening 
papei-s is heard. The earliest editions of the 
evening papers are out h »fore midday ; and 
<'dition after edition, including Special and 
•Football, is poured forth until late in the evening. 
This goes on day after day without, intermission 
from January to Deotunber. Tliero is no 
business in which there are more Avorries and 
pc‘tty annoyances. nc\vsa«;ent will have 

much to try his temper, and Avhile avoiding 
servility on the one hand Avill find the business 
of tho newsagent an exirellent school for culti- 
vating the virtues of patieueo and courtesy, 
without which he Avill inevitably fail. 

The Colonial Newsagent. In the 
Colonies, and notably Canada, the newsa.gt*n('s 
business is a much more Juerat ve one than 
it is in the old country. This is true esi)e- 
eially of the Avesiern provinces, 

Avlu‘re the (.-oiri \init is 5 (rents. 

Although the face value of a noAv^s- 
])apiT is one cent., it- cannot be 
bought for that price*. Of (lourse, 
if delivered by the j)ublishers tho 
face value only is charged ; but 
if a one eoiit iicAvspapcr l>o bought 
on the street, or in a shop, the 
charge is cents — the Irishman’s 
modest o per cent, juofit* Even 
in the AV(‘st, however, tlu* s])irit of 
competition is developing, and tlie 
ncAvsboys are beginning to cut 
tho priee. '1 he visitor Avill 
b(‘ not. a lit tier a.mused Avheii 
accost (*d by the pushful youngster 
to l)uy the evening iiaper, and 
as a special inducement is offeri^d 

tAvo for five.” Cntil riH'imtly 
the rate at Avhieh neAvspa[)ors 
Avero su])})lied to the neAvsag(‘nts 
Avas Iavo <^pies for one cent. 

Lately, liOAvcvcr, in April, IDtlfi, 
till* proprietors, aaIio did not see 
the fun of all the profit going 
om? Avay, raised the price to one 
cent per cojiy, which still U-Uwes, 
at five cents a copy, or <wen “ Iaao for five, ' a 
liandsome profit to the newsagent. 

OIL AND COLOURMEN 

In the days of home-made talloAv candles, 
‘'farthing dips,” and ’a’jx'nny ni.shlights, tlie 
talloAV-rhandler frequently carried on a distinct 
trade, his wares being mainly candles and soap. 
In his minute investigation of I^ndon trades, 
Mr. Charles Booth found this calling no longer in 
separate existence; the soap and candles an^ 
now sold by the grocer or the oilman. The oilman 
himself, who once dealt mainly in paints and 
paint oils, now sells illuminating oils, paints and 
paint oils, brushes, varnish, baskets, lamps, 
candles, soap, and also, very commonly, tinnixl 
and potted goods, which cannot be injured, like 
groceries or provisions, from shop contact with 
the more odoriferous goods. Ironmongery, garden 
tools, china and glass, mats, buckets, brooms. 


grocers’ .sundriiAs-— it Avoiild be along list that ex- 
hausted the goods oonjoini'd in modei-u oil-shops in 
London and els(‘where. The “ Bract iciil Grocer ” 
(Gresham Publishing Comiiany) di* votive several 
chapters to the oilman and the goods he (h*als in. 

Starting in Business. A capital of 
about £*200 should bo sufficient, if the b(‘gimier is 
a practical man. The choice of stock Avill depend 
a gootl deal upon the aseevtained needs of the 
neighbourhood, but an oilinaii’s stock is always 
of a highly inisiadlaneou.s I'liaraeti'i'. It is usually 
found the best ])lan to sjieeialise in one or tAvo 
particular liiqiartments of the business, and in 
tho.se to (‘ai‘ry as far as pi.)ssil)!e a coinplidely 
npresiuitat ive stock ; although in buying such 
stock tho beginni*!* AvitJi limited (^a])itai must 
not forget tliat some .small items may have 
to li(* in stock for a long time befon^ being 
asked for by customers. .All such goods shoulil 
therefore bear !l higli jirolit. 

Oil Licence. A t>veliininary 
quest ion is Avhi'thi'v or not a licfuei; 
Avill be reipiired undi‘r the Petvo- 
li'um .Acts. I’liis di'ponds upon 
Avhether or not tlu' oil sold has a 
” tlash-])oint ’ beloAvT.'l F. “Petro- 
l(‘uin," in tlie meaning of tlu^ 
Petroleum Acts, is rock oil, 
Rangoon oil, Burmah oil, oil 
mad(‘. from jx'trolenm, coal, schist, 
shale, pcsit, (n* otlier bituminous 
substane(\ and a.ny otlu'i’ product 
of petn^leuni, or any of the above- 
nienlionc'd oils, which, w lum tested 
in a prescribed manner, gives off a 
vapour intlamma,bl(‘at a teinpia'a- 
tui*(‘ less than that stated. Oil for 
burning in lam})s ought never to 
flash at a ternpcM’atun* less than 
7‘1 F., othfTwisi' it is too dangerous 
foi’ ordinary use*. ’Plu'Cefore the oil 
usually sold is not subject to tlu^ 
IViroleum Aids, and its sale 
necessitates no licence. JV'troleiiin 
spirit, biuizine, })etr(,)leuni ether, 
and similar aitieles, eoim* \inder 
the Acts, and can be stored, trans- 
ported, or sold only under licence 
from the local authority, (-arbidc* of calcium, 
used for making aeetyliuu*, (*te., neixls a licence, if 
more than fivt* pounds he k(*pt, and this quantity 
must bo in separate sealed metal Acssels, each 
e(.)ntaining not more tlian oni^ ])ound. Alethy- 
lated .s])irit ikmxIs a s]MM‘iM.l lieeneo, must be sold 
in bottles marked Avith its name, and must not 
be sold between 10 p.ni. on Saturday and 8 a.in. 
on the Monday following. FircAvorks comii 
under the Explosives Act, and shops Avhere they 
are .sold have to be registered [s(m* Gun and 
Animunitioii Dealers] ; they must not be sold 
to children under thirteen. 

Storage. The storagi* of the oil is the 
chief matter in an oil-shop. The safest plan is 
to have an underground tank, capable of bolding 
150 gallons or 200 gallons, in the yard outside 
the shop, the oil being carried from it into the 
.shop by a pipe under the floor, Avhieh supplies 
a kind "of “ engine ” or pump, w ith a measuring 
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siphon. The metal tank should be hermetically 
closed, with the exception of an air-hole, whicn 
should be covered with very tine copper wire 
gauze. If it is not possible to have the tank 
outside the shop, it may be placed in the cellar, 
providing there is vj'ntilation. The accom- 
panying illustration shows an arrangement by 
which oil may Ix^ drawn from a tank in the 
cellar into a measuring cylinder, which shows 
the quantity, and ullow.s sales to mad(^ with- 
out handling measure or tiller. Turpentine is 
usueJly l«*pt in metal drums. Vegi^table oils 
should be kept in a cool ])lac(\ and covered. 

Sueli goods as matches may be stored on shelves, 
but keep them well away from the gas-jets or 
othei* lights, Candles shoidd not be placed on 
the upper slielw's — theses are likely to be the 
hottest part of the shop. A stand or an enclosed 
glass show-ease may Ijc \iscd for displaying 
long-handled brooms and bi*ushes. Small w’ares 
can be kept in draAVors or boxes, arranged so 
as to classify them conveniently: Very often 
they can be kept in parcels, to save deteriora- 
tion. On the to2j of (‘ach drawer or box put a 
card indicating the contents. It should be 
noted that when edible goods are stocked they 
.sliould be kept away from others the smell of 
w'hieli may aft'e-ct them. Pickles and ciuTy 
])o\vder in bottles are best not exposed in 
windows, the contents being atfeeted by the 
light. Note also that such goods as whiting 
draw moisture Avhen in pajier parcels, and not 
in bags ; while others, like washing soda, 
evaporate. 

Cautions in Trading. In view of (he 
requirements of the law', it is w’ell to bear in mind 
that oils and otlu'r goods are sometimes adul- 
terated, s(> that the r(‘tail(*r liaiidling tluun 
may incur risk quite innocently. Particular 
ear(‘ is lU'ccssary in seeing that oils intended for 
consumption as food, or with food, ar<? vegetable, 
and not to any extent mixed with mineral oils. 
\ guarantee of genuincuiess sliould therefore 
ahvays be insisted ujion when buying such oils. 
If “swTct” oil bo asked for, mineral oil must 
on no account be siqqilied. If “ oliv<^ ’’ oil 
be demanded, cotton-scMxl oil will not serve as a 
.substitute. If the retailer is at all doubtful 
of the genuimmess of his ‘'olive” oil, he should 
si'll it only as “ salad ” oil, or he may be caught 
when he least expects it. In regard to vinegar, 
iigain, if ‘‘ malt vinegar be asked for, malt 
vinegai' must be siqtplied, and not acelie .acid 
or wood vinegar. Note that t iimed goods are apt 
to deU'i iorato sometimes, although when properly 
prepared they may keep for years unaltered. 
Stock of this kind should be carefully inspected 
at regular inti'i vals for the discovery of “ blown ” 
or pulYed-out tins, this puifing being the result 
of the formation of gas from the decomposition 
of the contents. It goes without saying that 
such tins should be immediat<*ly withdrawn from 
the stock ; indeed, it is not safe to keep them on 
the {M'omises, since discovery by an inspector would 
involve the retailer in appearance before the 
magistrate to answer a charge of having unsound 
food in liis possession. Washing soda, again, 


is an article that has involved oilmen in trouble, 
owing to its adulteration with Glauber salts — 
which “ won’t w^ash.’' The leading finiis are 
usually w’illing to analyse doubtful samples. 

Oil>shop Sundries. These include a 
bewildering variety of such goods as metal 
polishes, boot polishes, blaeklead, bathbrick, 
furniture })olishcs, inks, blues, cements, glue, 
size, etc. Oilmen often have such articles 
made and jjut up for themselves. Many useful 
reeix>e.s Avill be found in the “ Practical Clrocer,” 
already named, and in “ Law’s Grocer’s Manual ” 
(Gilbert and Kivington, Ltd.) ; while a number 
of collections of the kind are issued by the pro- 
jwietors of the “ Oil and ("oloiirman ” and 
“ Oils, Colours, and Diysaltcries.” 

Staff. Managers of branches in London 
expect about 303. per week salary and rooms 
for brancli doing £20 a week ; 35s. for shop 
doing £20 to £30 ; 40s. for shojj doing £30 
to £50 ; above this 1 J per cent, extra. The 
Ai'agos of assistants are usually: First hands, 
25.S. to 30.S. ; second liands, 21s. 1o 25s. ; 
porters, 20s. ; buys, 10s. a week. A little 
extra is sometimes given as good-conduct 
])ay if all ord(‘rs arc delivered in reasonable 
time and Avithout eomjilaints from eustomors. 
In soiYie instances the rules s])ecify : Shops opened 
at 8 a.m., closed 0 p.m. : Thursdays, 2 j).m. ; 
Saturdays, 10 p.m. ; branches have check tills, 
and the manager is responsible for the takings, 
wuth a percentage on net profits ; managers, assist- 
ants and boys Avear white coats and aprons, and 
boys sometimes have caps with the proprietor’s 
name upon them. Managers render an account 
once a w'cek of takings, o.vj)en.ses, and goods 
received and returned. Yard and cellars arc 
cleaned and trucks washed weekly. 

Proprietary Goods. It may be u.scful 
to the b'cginiK'r to note that, if he has not suffi- 
cient practical knowledge of such depart inents as 
paints to handle material in bulk, he may still 
make a fair show', so many articles^ dealt in by 
the oilman and grocer Ix'ing now ]nit up by 
the manufacturer as jiroprietary artic'les, ready 
paeketed or canned, Avith full directions for 
use. The number of such proiirietary goods 
included in the list of some retail stores literally 
runs into thousands. Soaps, candles, ready- 
mixed paints, oils, matebes, blacking, and similar 
sundries, firelighters, screws, tacks, pickles — it 
j.s di flic lilt rather to say w'hat is not packed than 
wliat is. Moreover, the retailer may himself 
possess proprietary brands if ho chooses, a number 
of firms laying themselA^es out for this class of 
business. Needless to say, the profits on proprie- 
tary articles not tho retailer’s OAvn brands are 
commonly e.xiguous, and Avith many of them 
there is no small trouble, owing to the various 
schemes of present -giving, coupon distribution, 
and so on, which arc adopted by the proprietors 
to pusli their goods with the public and create a 
demand which almost compels the retailers to 
stock them. A largo number of the most 
important, however, are now protected by the 
Proprietary Articles Trade Association, which, 
secures to the retailer his fair profit. 
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yVMKRJCA, or the New World, eonsislH of two 
great peninsulas — North America (S,0()0.(XJ() 
srp miles) and South America (7,000,01)0 sq. 
miles), united by the long, naiTow isthmus of 
( Vnt ral America. 

NORTH AMERICA 

At the Isthmus of 'rehuante])ec, which may Imj 
taken as the southern limit of Nh)rth America, the 
distance across is h^O miles. Hathcr l(‘ss than 
4,000 miles due nmth is Cape Murchison, the 
most northerly ]K)int of tlu^ mainland. The 
maximum hivadth of the contincmt is about the 
same. The whole of the north, (‘xcept Alaska, is 
British, forming the self-governing e(*lonies of 
Canada and Newfoundland. South of Canada is 
the Republic of the United States, to which 
iKdongs Alaska. Soufli of the Unif<‘d States 
is the Republic of ^Mexico. 

Oceans, Seas, and Gulfs. 'Die northern 
sliorcs are washed hy the Arctic Ocean, the 
western hy the Pacific, and th<‘ eastern by the 
.Atlantic. An arehi])elago of islands sti\‘tch<s 
across the Arctic Ocean north towards the Pole, 
and ('a.st tow^ards (heenland, which is se]>a rated 
by Baffin Bay from tlic North AnicricarJ main- 
land. In the extreme noi th-w'esf , America, is h ss 
than 40 miles distant from .\sia across Behring 
Strait. The Aleutian l,slnn(Is, olf xMaska, con- 
tinue tJic island fringe of Kastcifi Asia. 

'riu' coast of Nortli AnuM ica is much indtmted. 
On th(‘ Atlantic coast, which has marginal low- 
lands, an; (1) Tfudson Bay ; (2) llu' (Julf of the 
St. Lawrence, (‘iitcrcd north or sf)uth of th<* 
island of Newfoundland, and leading to the 
great lakes of Ontario, Krie, Huron. Michigan, 
and Superior ; (3) the Oulf of Mexico. 'Fhe 

latter, with the Caribbean Sea, which is almost 
cut off )>y the i.slaiid <»f (hi ha, is sometimes called 
the American Mediterranean. The islands which 
define its (;aatern limits are the West Indies. 
Let us look out all tliese on a map, and notice 
the names of the straits leading to them. On 
tlie Pacific e(.)ast, Avhieh is bordered by high 
mountains, there are fiords in tlie north like tho.se 
of Western Scotland or Norway in the north- 
Avest. In the south is the (julf of (Vxlifornia, the' 
largest gulf on the Pacific coast*. It may he 
contrasted with the Atlantic gulfs. 

Mountains. The highlands and lowlands 
of America are arranged in parallel lx;lts. Along 
the whole length of the Pacific coast runs a 
continuous belt of broad high mountains, 
sometimes called the Cordilleras. These sink 
in the east to a brood, rolling plain, Avhieh 
extends from the Arctic Ocean to the Gulf of 
Mexico. Two breaks occur in its surface, Avhich 
elsewhere slopes imperceptibly but uniformly 
from west to east. The first of these is the 


region wi'st of Lake Sujxu inr. Though noAvliere 
over 2,000 ft. liigh, it givi's rise to the St. 
LaAvrenee. tioAving du<' east to its gulf ; the 
Mississippi, Avhic*}i IIoavs almost due south across 
the central loAvlaiid to tin* gulf ; and the Red 
Rivi-r. which fioAvs north to Lake Winnipeg. The 
.‘-econd is the O/.ark Mountains, Avhieh separate 
Iavo of the parallel tributaries of tlie Mississijipi 
Avhieh rise in the east. In the east the (Vntral 
J..oAA'lan<l gradually iis(‘s to the Atlantic or 
Ka-stern Highlands, Avliieh, under various local 
iiaini'S and Avith some ho'aks, can Ix' traced from 
Hudson Bay almost to the (hilf. North of tlu* 
St. LaAvnaiei' they are known ns thi* ].«ahrjMlor 
High lands, south iif the St. Lawrence as tlc' 
Appalachian Highlands. These highlands fall 
st(‘eply on tlii' east to tlic .\tlnntie lowland, Avhieh 
Avidens towards llu; soutli. and is connected round 
the south of tlie Appalaehian.s with the central 
lowlands, thort* forming what is oft<*n called the 
(Julf Uoastal Plain. 

Rivers. From this arrangi'iucnt of high- 
laiuls and lowlands it follows that av<‘ shall haAc 
a series of (1) short ri\’t*rs floAving Avest to the 
Pacific ; (2) knig livi'rs from the eastern slopes 
of th(‘ western mountains. Ilowing east or soutli ; 
(3) long rivers from the gentler Avest slopes of 
tlie A]>pala<‘hians, lIoAving west ; and (I) sJiort 
.Atlantic riAcrs from tlcc stee]> easli'in slopes of 
the .\ppalaehians. 'Hk' rivers fioni thi‘ central 
h 'ighls have already been nametl. 

'rin‘ longest o! the Paeilie rivers How for con- 
siderable distances parallel to tin; mountain 
chains. Of these, IIk* cJnVf arc the A'ukon, 
Ilowing to Beliring Strait in a long, narrow valley 
])arallel to the coast ; thi' Fraser and Snakc- 
Uoluinhia, tlowing to the Pacific from the ccniral 
region of the Aveslcrn moimtain.s ; anti the 
(^’olorado, tiowiug to the (Julf of California. 

The nort luTumost of the long rivers floAving 
east is the Mackenzie, flowing with a eonr.se 
nearly parallel to that of tin* Yukon through 
Athabasca, Great ShiAc. and Givnt Bear lakes 
to the Arctic Oet*an. Parallel to its u})|ht valley 
are tho.se of the SaskatclK'wan, which flows east 
to Like Winnipeg, and thence, as the Nelson, to 
Hudson Bay, and those of the great rivers which 
fioAV east to the Mis-sissippi, the Missouri, Platte, 
Arkansas, and Red River. The Mississippi also 
receives the w'aters of long AAest -flowing rivers 
from the eastern Appalachians, which are 
gathered up and carried to it hy the Ohio. Of the 
short', rapid rivers of the Atlantic seaboard tlie 
most important are the Connecticut, Hudson, 
DelaAvare, James, Potomac, Sasquehanna, and 
Alabama. 

Ease of Water Communication. No 

other continent has such admirable facilities for 
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water communication. North America is covered 
by a network of lakes and rivers, separated by 
inconsiderable distances, permitting easy water 
communication in all dirc^ctions. Tlie Great 
I^ikes, with the St. Lawrence, oixm up the very 
heart of the continent. Lake Erie is quite near 
the Ohio tributary of the Missis.sippi. I.ako 
Superior is even nearer to (1) the Winnipeg- 
Nelfton system of lakes and rivons ; and (2) the 
Mississippi. A very .short canal thus gives through 
(‘ommunication betwtien the Gulf of St. Ijiwrcnce 
and the Gulf of M(»xico. The source of the 
Mississippi is only a few miU'S distant from 
that of the Winnipeg or Northern Red River, and 
the three systems, St. l^awrenee. Northern Red 
River, Nelson, and Mississippi may almost bet 
regarded as one gn-at system, linking together 
the tJircc great Atlantic gulfs. The Mackenzie 
is easily reached from the Saskatchewan, tlius 
giving access tn the Arctic Ocean ; but as it is 
frozen for many months of the year, this is of 
little practical importance. 

The Western Mountain System. It 
is impossible in our limited space to study this 
great system in detail. In the east, the lofty 
Rocky Mountains rise steeply from the plains. 
West of these are a series of plateaux, or basins, 
and west of these figain another series of ranges, 
locally known under dilTerent names. .Vn outer 
coastal range is l(‘ss well marked, but can lie 
traced on the mainlami and bordering i.slands. 

The basin of the Yukon is S(‘parated from tlio 
Mackenzie by spurs of the Rockies. West and 
south of the valley are two parallel volcanic 
ranges, the northern forming the mountains 
of Alaska, whic^h are connected through tho 
Aleutian Islands with tlie volcanic highlands of 
Plast Asia. Mount McKinley is the highest point 
in North America north of the Yukon. The 
soutlioru ranger is a labp'irith of glaeier-lilied 
valleys and snow peaks rising precipitously 
from the sea, the highest being St. Elias (18,000 
ft.) and liOgan (19,700 ft,). Over the wild 
southern .mountain chain difficult passes, closed 
l)y snow for many months, K*ad to the gold- 
mining districts of Klondike and other centres in 
the Yukon basin. 

British Columbia. British Goluiubia is 
a high, rugged plateau enclosed between the 
Rockies on thtr east and the Northern Cascades 
on the west. Beyond the Cascades a coastal 
range appears in the islands of Queen Charlotte 
and Vancouver. Where they are crossed by 
the Canadian Paeitic Railway the Rockies 
arc a broad system, consisting of the »Summit, 
Selkirk, and Gold ranges. These parallel ranges 
are se])araied by long valleys in which flow 
tlie tributaries of the rivers running west. Tbe 
easternmost or Summit range of the Rockies 
rises in sheer clitTs or escarpments above the 
plains, towering up in rock walls 3,000 or 
5,000 ft. high. The liighest summit. Mount 
Columbia (14,000 ft.), overlooks the sources 
of the Athabasca, flowing to the Mackenzie, the 
• Saskatchewan, flowing to Hudson Bay, and tho 
Fraser and Columbia, flowing to the Pacific. 
Many peaks rise to 12,000 ft., and vast glaciers 
aticl snowfields feed the rivers. The forests are 
40 ^ 


much thinner than in the Selkirks, whos^ fine 
combination of forest, glacier, and snow peak 
has earned the title of' the Switzerland of 
America. Tlie Gold and Cascade ranges are 
lower, and* forested almost to their summits. 
Across these ranges,- which presented groat 
difficulties to the railway engineers, the rivers 
have cut deep, gloomy canons in which a raging 
river boils along at the base of perpendicularly 
steep walls of rock. 

Western Mountains of the United 
States. The Rockies and Cascades continue 
south info the Ignited States, diverging as they 
go. Tho Rockfcs become an intricate system 
of par.'ll lei ranges, whicli enclose high intermont 
valleys, locally called parks. They form the con- 
tinental divide Ix^tween the Atlantic and Pacific 
rivers. Within a relatively small area are tlie 
sources of the Missouri and Yellowstone tribu- 
taries of tho Mississippi, the Snake tributary of 
the (Columbia, the (»reen and (»rand head st reams 
of the (Ailorado, and tlic Rio Grande del Norte. 
Th'U'c are spots on the Divide where tho sources 
of two streams, one flowing to the Atlantic, the 
other to the Pacific, are hardly 200 yards apart. 

The Yellowstone ParK. The finest of 
the.so parks, set apart for national enjoyment, is 
the Y(‘llo\i'stone Park, some 75 miles square, 
situated on tlio Groat Divide, about 7,000 ft. 
above tlic sea. Surrounded by an amphitheatre 
of mountains, and containing magnificent cas- 
cades, beautiful lakes, many hot springs, 

and wonderful coloured sinter terraces, it forms 
a natural museum unique in tho world. 

Far surpassing everything else in beauty is 
tho Yellowstone Canon, into which tho river 
falls over the famous Yellowstone Falls. In 
places the walls of the canon are 1,500 ft. high, 
wffiilo the width of tho chasm is only half a mile. 
It has been cut down by the river through pale 
yellow or pinkish rocks, and tho rocks do not 
weather uniformly. All along the canon w'alls 
the harder parts project in a series of massive 
fretted buttresses and jagged pinnacles of the 
mo.st . fantastic shapes. “ The whole gorge is 
painted in tho most brilliant hues, from pale 
lemon yellow to deep orange, streaked with 
warm vermilion, crimson and purple, wffiicli, 
mingling with tho deep green of the pines that 
clothe tlie brink of the chasm make up a picture 
of transcendent beauty.” 

Somewhat similar canons arc cut by the 
rivers south of the Yellowstone, where Long’s 
Peak and Pike’s Peak arc both over 14,000 ft. 

Idaho* Utah and Colorado. West of 
tho Rockies lies the lava desert of Southern 
Idaho, cloven by the deep gorges of the Snake 
and Columbia Rivers. In their descent they pass 
over many falls, of which the Soshono Falls 
of the Snake are the finest. South of the Snake 
is the Great Basin, a district as large as Franco, 
whose waters flow to tho Groat Salt Lake, 
and other basins without an outlet. The 
surface is covered with short ranges of tilted 
block mountains, varied in colour and bate 
of vegetation. Between these are wide valleys 
cover^ with dry scrub, or with nitrates and 
other alkaline deposits. Under irrigation tlife 
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soil 18 very fertile, and tlie region roimd 
Lake City is a veritabli; garden. 'Dk* VVahsateli 
•Mountains separate the Great Ikisin from tlie 
Colorado plateau to the east. This region 
eonsists of high arid plateaux, above whieh 
rise table-shaped mesas, or steep-sided pinnaele- 
shapt^d buttes. The Colorado and its tributaries 
flow in canons similar to that of the Yellowstone 
but on an infinitely vaster scale. The M ti ble 
Canon in the Painted Desert of Arizona, and the 
Grand Carion of the lower Colorado, 300 miles 
long and in places a mile deep, are the most 
wonderful. This extraordinary region long 
baffled exploration, and is still imperfectly 
known. All these regions are arid, and bare of 
vegetation. West of the Colorado, in the lee of 


thi5 SixM ia N(jvada, the country bceoiiK's a destrrt, 
wluu’o such names as Death Valley, a region of 
enormous mineral wealth, bill th<'ir own sinister 
tale. It is a land of burning sands, weird, 
distorted cactus vegetation, mirage and thirst. 

The Western Rampart. The western 
rampart of these vast plateaux and basins is 
formed by tluj Southern Cascade's, the Pacific 
slopes of whicli are densely fore.sted. By inter- 
cepting the rainy winds they produce the arid con- 
ditions j usi described. Of many volcanic cones the 
finest are Tacoma, Hood, and Sliasta ( 14,500 ft.), 
beyond which the system is continued south 
by the Sierra Nevada. Across tlie Southern 
Cascades there is only one natural route, the 
gorge of the Columbia, which cuts its way to 
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the sea between great basaltic cliffs in places 
2,000 ft. high. The Sierra Nevada contains many 
peaks over 13,(^ ft., whose snowy summits 
have suggested its name. Hidden between its 
parallel ranges is the Yosemito Valley, one of 
the beauty spots of the world. It is enclosed 
between rock walls of stupendous height, over 
which the rivers leap in magnificent cascades, 
the wonderful panorama of crag, forest, and 
cascade being mirrored in tlic lovely lakes of 
the valley floor. Between the (’ascadcs and the 
Coast range is the fertile Willamette valley of 
Oregon, whose northern extremity forms Tuget 
Sound. Between the vSierra Nevada and the 
(V)ast range is the rk^h valley of Califoniia, 
drained by tht) Sacramento. 

In Mexico, the Rocky Mountains arc continued 
])y the castoi-n, and the Sienna Nevada by the 
western Sierra Madro. These form the margins 
of the JMoxican plateau, which rises to the south, 
where the Sierras converge to a great volcanic 
chain, containing many lofty snow-clad active 
and extinct volcanoes. The highest are Foj)o- 
oatepetl and Orizaba (18,0rK) ft.). Beyond this 
the mountains sink gradually to the Isthmus of 
Teliuantepee, which is less than 5(X) ft. high. 

The Great Plains. 'Jlie ceniral plains 
of Nortli America extend from the Arctic^ to the 
Gulf of Mexico. In the extreme north tlu'y arc a 
tundra region, covered by a network of lak(‘s. 
This passes at the south into forests, and these 
in turn into grasslands. Jn the Ihiitod 
States the eastern forests havti been largely 
cleared, and rolling troiilcss i)rairie.s form a 
monotonous landscape. Some unfertile tracts 
occur, such as the Bad Lands of South Dakota, 
and the Staked Plain of IVxas. Along the 
Gulf of Mexico the plain is of alluvial formation, 
and fringed with swamps and lagoons. The 
peninsula of Florida consists of porous limestone, 
through which the rivers sink. TJio southern 
part forms the Everglades, a rc^gion of forested 
waterways and islands. The Atlantic plain is 
wide and swampy in the south, but becomes 
narrow in the north. 

The Appalachians. These strctcli from 
Newfoundland to within 200 miles of llie Gulf, 
averaging 450 miles in width. Newfoundland, 
an wland of low mountains and many lal£e.s, is 
cut off by the Gulf of 8t. LawTcnco from the 
very similar New Brunswick and Nova Scotia. 

In the United States the rugged New England 
Highlands are separated by the Hudson valley 
from the xXppalaeh iaii ranges, in the narrower 
fcK‘nsc of the term. The Appalachian system, 
which is in reality a very ancient plateau dis- 
sected out in the course of ages into parallel 
ranges separated by long naiTOW' parallel valleys, 
Ixjcomes higher, broader, and mon^ rugged. To 
the east is the Blue Ridge, and to the w est the 
•Alleghany Plateau. The structure of the region 
in its present form is very complicated. The 
ranges have local names, wliich can be looked 
out*on the map. 

These broad, rugged, and densely forested 
highiaiKk long prevented the westward exten- 
sion of colonisation. The rivers descending from 
the eastern 8)o|ies, which front the Atlantic plain 
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as steep escarpments, did indeed lead to excellent 
passes, but these gave access, only to trough-like 
valleys, beyond which rose a barrier 'similar to 
that just crossed. Population for 160 years 
moved up and down those valleys, but could not 
push westw^ard into the central plains, except in 
the north, where the only natural break across 
the entire breadth of the highlands occurred. 

The Gateway of the Appalachians, 
^riiis gatew'ay of the Appalachians was the 
Hudson valley, a great natural opening shut 
in by the cst-tirpments of the plateau on either 
side. Nowhere 200 ft. high, and occupied by the 
Hudson and Lake Champlain, it opened a natural 
route to tile St. Lawrence, and thence by the 
great lakes to the west. The importance of tliis 
route is shown by the enormous jirosperity of 
the cities founded at its terminal points — New 
York and Montreal. 

A still more direct route to the great lakes 
and the w'cst opens from the Hudson, by the 
valley of its tributary, tlie Mohawk, whieli leads 
west to the lowlands around Lake Ontario. 
“ Setui from tJio railway, which follows it, the 
valley appears to be a trench about 500 ft. deep, 
w'itli moderately steej) side.s, and an average 
width of half a mile. Seen more truty from 
above the bordering uplands, it is a vast gap, 
1,500 to 2,(X)0 ft. deep, and several miles wide 
in its higher part,** cut across the entire breadth 
of the plfiteau. The Mohawk valley, which 
commands the great route to the W'est, is followed 
by the New 'X'ork (Central Railway to Buffalo. 
“ There is not a difficult grade or an embankment 
or a trestle of any importance between Now 
York and Buffalo (490 miles), and with slight 
oxei'ption, this holcls good from Buffalo to the 
Rockies. TVo thousand miles of B^flcndid 
country are madt‘ tributary to the harbour of 
New York through this river gateway.’* 

Climate. Tn a continent nearly 4,000 miles 
long w^o have cAxay kind of climate, from 
polar to tropical, modified by elevation and 
distance from the sea. If we look at a map of 
tho Januaiy isotherms, these show the same 
.southward sweep from west to east as in Europe. 
Thus a great part of tho continent has frost for 
longer or shorter periods in winter, and the 
c(‘nfre of tho continent, in the latitude of Central 
Italy, is as cold as Iceland. South of 35^* N., 
there arc no winter frosts. Florida and Cali- 
fornia have a January like that of Egypt, and 
the tropical lowlands of Mexico have a January 
temperature of 70“ F. 

In summer tho isotherms are bent north.' 
Over most of the mainland the summer tempera- 
ture is not below 50® F. Tho isotherm of 60® F., 
which crosses central England, traverses North 
America at the southern end of Hudson Bay, 
and runs north as we go west. The same regions 
which liavo very severe winters have thus 
warm summers. The isothenn of 70® F. strikes 
the west coast in about latitude 30® N., and 
runs almost due north for 20 degrees and then 
crosses the continent. South of latitude 30® tho 
summers are hot, especially in the interior, where 
the lands in the lee of the Rockies arc cut off 
from cooling ocean winds. 
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falls abundantly on tbo Atlantic coast 
from Labrador southwards* and south of New- 
foundland at all seasons. The rainfall diminishes 
slpwly but steadily as we go west, and becomc^s 
extremely scanty west of the Mississippi, where 
the lands in the lee of the Rockies have a 
very dry climate. The west coast has abundant 
rain, especially in the north, where it falls at all 
seasons. Further south is C!alifornia with 
winter rains, or a Mediterranean climate. In 
the trade wind area, the rainfall diminislH‘.s, 
and this explains vvhy in the lec of the south<‘rn 
Rockies rainless deserts are found. If the 
continent M^ere here broad like North Africa, 
instead of narrow, w(‘ slioiild have a Sahara. 
As it is, we have des<*rt resembling the 
Kalahari. 

Vegetation. The vegetatum of Arctic 
North America is of iIk^ familiar tundra ty))c. 
Much of this region, especially round tlie nortliern 
part of Hudson Bay, lias the (‘xpressiv'c name 
of the Barren Grounds. Vegetation consists of 
moss and lichens, or of low beiTy-beaving bushes, 
with stunted trees in protected spots. To^ the 
south it passes gradually into poor woodland, 
the birch being found as far north as any of the 
conifers. Jn wint(*r the tunch’a is frozen, and in 
spring, when the rivers are melting, it is Hooded. 
Only in summer docs it tempt north the caribou 
— the American reindeer. Tlve caribou has never, 
like the reindeer, been, domest icated, and there 
is consequently no summer migration of popula- 
tion north, as in tlie Old World, The Indian 
hunter, indeed, follows the trail of the caribou, 
but only for purposes of destruction. In the 
worst parts of the Arctic region, howt^ver, wIhto 
vegetation practically ceases, w<‘ g<‘t the inter<*st- 
ing Fskimo people, who live by slaying the 
creatures of the Polar Seas — bear, walrus, whale, 
etc., and show great ingenuity in supplying all 
their wants from these animals. 

Forests and Steppes. Forests succeed 
the tundra, both in east and w<*st. I'honsaiuls 
of square miles are covered Avith virgin 
forests, containing magnificent timber. This 
gives rise to the important industry of lumber- 
ing. When the forest streams are frozen in 
winter, the lumbermen start for the avoo<1.s, 
where they remain for several Aveeks, felling 
trees and dragging them over Oie firm frozen 
ground to the banks of the streams. When 
these thaw in spring, the sAvollen cuiTcnt Aviiiiis 
along its burden of logs to one of tlie great 
timlx^r or lumber centres, Avhere innumerable 
saw mills, turned by the river, soon trans- 
form the lumber into timber, wood puli), 
Beyond the forests,* in the dry centre of the 
continent, we find the dry steppes or grass lands, 
generally called the prairies. Where the rainfall 
is sufficient for cereals, Avheat is groAAn in tlie 
north and maize further south'. The dry western 
prairies are used for cattle breeding. Many 
thousands of acres go to form a cattle ranche, 

I pa which thousands of head of stock run in a 
, semi- wild condition. 

The belt of desert in North America is relatively 
. small. N^either spvanas nor tropical forests are 
fouad^. except ia of Mexico and Florida. 


Occupations. Hunting is the only means 
of livelihood for the Eskimo of the Arctic Ocean, 
Hudson Bay, and Greenland. The trapping of fur 
animals is important on the tundra and forest, 
margins. Large herds of huifalo once roamed the 
prairies, and w'cro hunted by numerous Indian 
trilx*.s, but the white man exterminated tht^m 
with more than savage reckl(‘ssncss. 

In the forests, lumbering is important, and 
su])ports slU'h industries as saAv-milling, pulping, 
paper-making, et(\, in the ioAAns on the forest 
margin. In the ('astern ])rairi(*s wlu'at is groAvn on 
a vast scale. Flour-milling is inqiortant in towms 
adjacent to the prairit' Avlieat belt. Further Av'cst 
stock raising or ranching suils the drier climate 
])ett('r. It h'ads to an immense trade in meat 
and otlu'r animal products. All the \YCStern 
mountains an' rich in miiu'rals, and mining is 
important in many ])arts. The sea tislierit's of 
l>oth the east and west (Xiast are; very valuable, 
(*H]M*eially in Canada and NeAvfoundland. The 
uortliern riv(Ts of thi* Pa(‘itio slope teem Avith 
salmon, Avhieli are t^aniK'd in hnmense cjuanlilies. 

The indust rit's of lln^ towns are very varic'd. 
Manufactures are carried on with cheap AV'ater 
poAver in many of those of the east, especially 
in tlu' United States at the base of the Appa- 
lachian highlands and on the coalfields. 

Races. The original Indian inliabitants are 
now (tomparatively f(‘w in numhei*. and confined 
to the tundra, tlu' forests, or their own reserva- 
tions. 'riie moth'in Anu'riean is of European 
(h'seent. Ex(?ept. in (he loAver St. LaAvrenc(? basin 
British blood jiredominates in (’anada, as Avell 
as in th(‘ Uniti'd States, though all European 
nations an* well rc'pn'st'nled. Spanish blood i.s 
[ire-eminc'tit in M(‘xieo, wlu're Sp.anisli is spoken, 
and th<5 rt‘ligion is Roman Catholic*. Tlu^ rest 
of the contiiK'nl is Knglish speaking and mainly 
Protestant. Negroc's of African ci(*s(xAnt are 
numerous in th(‘ southc'in Uniled *State.s, and 
Uhinese have settled on tin* Pacitie coast. 

CANADA 

Tx*t ns look out in a map the front ier.s of 
Canada, noticing that its boundary Avitli the 
United States is quite artilieial. ()f its total 
area (3,400,000 sq. miles), large* (lortions are of 
little value. Its natural advantages include 
(1) vast fon'sts, supplying timber, an asset of 
ever increasing value ; (*2) immense and fertile 
wheat, lands ; (3) great mineral vAx*altb, including 
the rich Klondike goldfields of tlie Rockies ; 
(4) valuable fislieries ; (o) an iinrivall<»d seri(*s of 
natural waterways ; ((>) a healthy, bracing 

climate, stimulating to exertion. 

British Columbia. This, the Switzerland 
of Canada, is tin? largest province of the Dominion 
(383,000 sq. miles). It has an equable climate, 
with much rain in the west. Its mountain 
scenery is among the finest in the world. The 
mountains provide two valuable sources of 
w^ealth — minerals and timber. There are gold 
mines round Rossland, in the rich Kootenay 
district. Thick seams of fine steam coal CK*.cur 
near the Crow's Nest Pass, much of which 
is sent w^est to the Pacific ports, and east to the 
plains. Mining towns are continually springing 
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np in all diteotioiis. The rivera* iw'hleli ata 
iiavigable only for a ^ort diBtance above their 
months, teem with salmon, the canning of which 
is a fionnshing industry. The sea fisheries ofi. 
the Pacific coast, whose fiords recall those of 
Norway, are also valuable. The most important 
city on the mainland is Vancouver, whence 
lines of steamers stvil to China, Japan and Aus- 
tralia. Tlie capital Is Victoria, on Vancouver 
Island, near the naval station of Esquimalt. 
ITie Nanaimo coal mines in the vicinity are 
extremely important. 

Arctic Canada. Round tlu' Arctic Ocean 
and Hu^on Bay lie the thinly-peopled districts 
of Yukon, Franklin, which includes the Arctic 
islands, Mackenzie, with its great lakes, Kec- 
wttHn, the cold “ land at the back of the north 
wind,” and Ungava. The surface is tundra, or 
thin forest country, the home of manj fur- 
bearing animals. Along the coast live a few 
Kskimos, but the bulk of th^ inhabitants are 
Indian hunt ere. A few white men are found at 
the trading posts scattered along the margin of 
the luuiting grounds. Winter lasts several mont hs, 
and then all travel is performed by dog teams 
or on snow-shoes. In summer, light hark canoes 
are used on the numerous rivers and lakes. Th<*re 
are no towns. 

Saskatchewan and Alberta. Tlu^se 
provinces are in process of settlement, ^lost of 
their surface is prairie land, though certain parts 
are wooded. In Eastern Saskateliewan ar(* hu'tile 
wheat lands, the area of which is grow ing rapidly. 
In the drier districts of South-western Alberta 
ranching is important. Warm <*hinook winds 
descend fmm the Rockies and melt away tire 
snow, so that stock can forage for themselves 
for a great part of the winter, I'lie.se terri- 
tories are rich in minerals. Coal is widely 
distributed in Alberta, «and is mined for 
local consumption, helping to make up' for 
the lack of timber. Petroleum is said to he 
abundant in the north. Towns are few' as yet. 
Hogina is th^ capital of Saskalchew'an, and Cal- 
gary of A1l)erta. Medicine Hat, an important 
station on the Canadian Paeitie line, is in a 
ranching district. Edmonton, in North Alberta, 
in an extensive agricultural district, is the largest 
fur market in Nortli America. Lethbvi<lge has 
large coal mines.* 

Manitoba. The lake province of ^lanitoha. 
in the centre of the continent, lies pirtly in the 
prairie wheat hell and partly in the forest country, 
where lumbering is important. In the agricul- 
tural districts w^heat is the mainstay, but dairy 
farming and the fattening of hogs and stock 
are rapidly becoming important. “ Formerly, if 
an early frost damaged a farmer's wlieat, he sold 
it at about half price, and lost heavily. Now he 
feeds his hogs with it, and in the end the return 
is almost as great as it would have been from 
uninjured wheat.” Manitoba is thus at a 
higher stage than the provinces just 'described, 
where Uie prosperity of a whole district depends 
on a sin^de staple. The capital is Winnipeg, a 
grfea^^]|Way centre, with excellent facilities 
for conimiinication in all directions. In 
tluitihlim the Mlway traffic is enotmons, thq 


trhble wh^tlwrreilt 
warded to the eastern 
Important university, and is rapidly 
the political^ social; eduoationhV And ’com- 
mercial capital of the west. * The other^^pw 
Hidcrablo towns are Brandon, a wheat market^ 
and Portage la Prairie, with' flour milb. * 

Farming in tbe Great West. In the 
wheat-growing prairies ploughing begins in ^ 
autumn, and goes on steadily till stoppea by the . 
frosts of November or December. In April, wheat 
is sown first, when the soil is still mobt after the 
thaws. The early summer months may be spent 
in breaking up new fields in the virgin prairie, 
or in the care of dairy and other needful farm 
w'ork. Tlie hay harvest is carried in July, and 
if cattle are extensively kept, tliere wUl be a 
maize harvest to get in for winter fodder for 
the dairy cow.s. ” As the wheat begins to head, 
the western farmer casts many an anxious glance 
at the w'eatlier, for occasionally a late frost comes 
and damages his crop. In August the wheat is 
ripe and the harvest begins. The grain is rapidly 
cut and bound by maohine.s called binders. In the 
east it is stored in barns, to be threshed later, 
Iml in the west the (‘rop is too heavy for this, so 
it is haul<‘d to a stack, and piled ready for the 
threshers. Just before cutting, the western wheat 
Helds present a lovely picture. As far as the eye 
can reach the grain waves and ripples in the 
warm summer breeze like a sea of gold.” 

As soon as the grain is cut and stacked comes 
the threshing. In the w'est, farms are far apart 
so a thre.shiiig gang travels with the threshing 
mill. Tbe gang sleep in a large van. This is 
taken fi-om place to place by the traction 
<*ngiue, w'hich draw's the threshing machine and 
supfilies the driving power when the mill is at 
work. As the hum of the threshing mill begins, 
the scene is a lively one. Every man has his 
appointed place, and the stack of grain grows 
rapidly smaller as the pile of straw heaps up, 
and tbe sacks are till(*d w'itli the bright clean 
grain. As soon as threshing is over the farmer 
hauls his grain to the nearest railway station, 
where it is sold and stored in the elevator 
ready for transport to the east over the Canadian 
Paeitie Railway. 

Ontario. Ontario sq. miles), the 

richest province of Canada, larger than Germany, 
lies between tbo great lakes and James ^ay, 
a gulf of Hudson Bay. Tlie northern climate , 
is dry. bracing and extreme ; but the neigh- 
bourhood of the great lakes makes Southern 
Ontario moist and rather enervating. Ontario 
is a region of lower hills, lakes and rivers, 
many of which have falls. The north is 
densely forested, supplying valuable lumber. 
The Ottawa river brings down enormous qua;n- 
tities to be sawn in the innumerable saw mifla 
turned by the Ghaudii^ro Falls. Tho southern 
part is cleared and dotted with towns and * 
villages at short intervals. 

Tlie occupations of Ontario are numerous add 
varied. Lumbering in the backwoods mak^ 
saw milling, pulping, and other mctboda. of 
working Up tamb^ important. Soutfaertt|Dm|{Q 
is a faVmePs country. ; Unilbto t6 
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tahi6 Irnidu of tJs^ virgin Wt% tBtmm 

6nd dairy and mixed farming more profitable, 
and cheese and butter are produced in enor- 
mous quantities. The Lake peninsula, between 
Huron and Ene, is a land of orchards, where 
every kind of fruit is grown, especially peaches 
and grapes Wine is made m c. onsidorablo 
quanmes Special fiuit trains iim from this 
district m the season supplying cheap fiuit 
to the large cities of ('’anada and the I'^nited 
States Round Lake Huion aie deposits of 
salt and mineral oil Nickel is almiulant lound 
Sudbury, and copper noith of Lake Supeiioi 
Othei minerals, including gold ind non aic 
probably widely di'itiibutcd though unwoikcd 

Industries. Tlie h^henos of tin guat 
lakes employ laige nunibei'^ of poisons, aud 
fish trams with icftigoiatiiig ( distiibntc the 
lish to inland ccnties 

Manufactures, canied on by watti m ilectiK 
power, are developing, and indud*' textiles, 
railway plant , brew mg, distilling, etc Hamilton, 
on Lake Ontaiio, is a manufai tuiing ctntit 

Toronto, the provinnal ca])itil, with a unnti 
sity, 18 a handsome town with a good Imboui 
on Lake Ontniio 'Pin Domimoii c ipital 


industrial purposes. 

Towns. Quebec (347,000 sq. mues) 
founded by French settlers, and many of thb 
inhabitants are French speaking and of French 
descent The province, which is half as large 
again as Ontario, is densely forested, and him^ 
bttmg IS a leading industry Agriculture and 
fiBhing aie also very important Mineral^ nre 
abundant, except coal Theie is, however, 
ample watei powei. and manufactures will be 
<; allied on by electric power 

Thf Jaig'^si city is Hontr<^al, with excellent 
communication by n\er. lail and canal. It 
IS built at the foot of Aloni Royal, and has many 
ime buildings The shorts of the St Lawr^ce 
lie lined for miles with w halves, from which 
aic shipped the wheat, tmiliei and dairy 
pioduce of the Dominion, and to which'^imports 
of all kmd^ «iic bi ought The manufactures of 
Monti cal are growing lapidly Quebec, the 
capital, IS one of the oldest cities m America. 
Its commanding situation on cliffs above the 
bioacl nvor makes it the Gibialtai of the St. 
Liwicnce Hull, on the Ottawa opposite 
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Ottawa, a gicat lumlai (iiitic is hiuly situated 
at the foot of the Chauduic Fills It is con 
nected by the Ridcau ( anal with l.rfikc Ontaiio 
Ontario is well situated foi commerce Hail 
ways run m all diieition^, and time aic many 
excellent hai hours on the lakes ( anals lia\e 
been cut to a\oid the lapids between the lakes, 
the most impoitant being the Soo, oi Sault St" 
Maiie Canal, between Hmon and Supcnoi 
where an mdustiml town is gi owing up The 
tonnage which passes thiough tlie canals on the 
('anadian and United states sides cif the lapids 
m spite of being frozen h\e inontln every year, 
exceeds that of th^ Suez Canal, so enoiraous 
w the volume of tiad^ earned by this magnihcent 
system of inland wateiway*. 

Niagara Falls, l^akes Ene and Ontaiio 
«^TO connected by the aboit Niagara nvei, on 
which aie the famous Niagaia Falls The 
river IS a mile wide wheie it makes its gieat 
sheet down 160 ft into the nairow bdhug 
below, down which its waters surge to 
^ Ontario. There are practically two distinct 
^jWki>^perated by on island The fall on Uie 
side is the Horseshoe Fall, a little 
American fall. The giower 


Ottaw I and Sh^ibiookc ntai Alontieal are 
m mil lac t in ing to w ns 

New Brunswick. Th< mantime pio- 
vmet of N#^w Biunswick (28 000 bq mUes) 
has immense foiests, which aie often ravaged 
by clisastious hres Alueh lumbei is cut |n 
winter, Heated down m spring, and sawn and 
worked up in sumniei Almerals aie abundant, 
but baldly woiked, tlu hsheiies, however, are 
cxticniely valuable The south and east are 
settled, but the towns aic small The capital 
IS Fiedeiicton, at the head of the tidal waters 
of the St John liver, at the mouth of which is 
St John This port is never closed by ice, 
Old in winter it is the bhippmg port of the 
Canadian Pacific Railway 

Nova Scotia. Nova Scotia (20,600 sq. 
miles) consists of the Noya Scotia peninsula^ 
and Cape Breton Island It has high hills ai^ 
broad valleys, with many lakes and nvers* 
climate resembles that of England, bflt id 
extreme Atlantic fogs are commoxL Thd » 
ooast islands are rocker and poqr, but the 
valleys of the interior are famoua 
apple orohaidi. Mqeh of ^ 
a^ luinbetiiilli is 
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before Uie dia;p of iron 
.baa deoUned, but will develop as the 
'cbal«mbi68 and ironworks around Sydney, on 
C&pe Breton Island, increase their output. The 
jfehbries are important. The capital is Halifax, 
with a maipiifioent ice-freo harbour capable of 
holing the whole British Navy. 

Capo Breton Island somewhat rt'scmbles 
Scotland. Its occupations are lumbering, fishing, 
mining and shipbuilding. Sydney is the ehief 
tOW'O. 

Prince Edward Island. This small 
island (2,000 sq. miles) o\vcs nuieh of its fertility 
to “ mussel-mud,” the deeoniposed remains of 
shell-fish, of which there arc* dt‘posits many fei't 
thick along the coast. I’Ik' mud is raiscnl by 
machinery and spread over the land, most 
of which is under cultivation. Dairy tanning 
is important. Hay and potatot‘s are gr(>'^\ii for 
the United States markets. The fisheries, 
especially of shell-tish, are very valuable. The 
capital is Charlottetown. 

Newfoundland. Newfoundland (42,(M)0 
sq, miles) has been calb'd the Norway of the 
New World. There is no Iittl<‘ resemblauee 
in the character of the island witli'its long 
fiords ruiming inland between high walls of 
rock, but the mountains are very niueli lower. 
The chief occupation in botli is fishing, sup- 
plemented by some farming. The New'found- 
land fisheries are among the most valuable 
in the world. Three parts of the catch consist 
of cod, taken on the shores of Newfoundland 
itself, on the Great Banks a day’s sail away, 
and off the desolate liabrad<^r coast, whieli is 
included in Newfoundland. Many vesscKs go 
north annually to the seal fisheries. 

Newfoundland is mountainous in the west, 
but flatter in the east. The inteiior is forested. 
Both lumbering and shipbuilding arc* important. 
Minerals, especially copper, are abundant; iron 
is exported to Canada from Bell Jsiaml. i)airy 
farming and agriculture are developing Tlie 
capital is St. John’s. ^ 

Trans « Canadian Railways. The 
C.P.R., or Canadian Pacific Raihvay, eros.s(‘s 
Canada from ocean to oee.an. 'I’he Athintie 
ports are Halifax and »St. Jolm, open all tin* year, 
and the summer ports of Queliee and Montreal. 
The Grand Trunk line is constructing a raihviy 
from Quebec to Pori Rup(*rt on the Paeifie, 
^orth of the C.P.R., via Winnipeg and Kdmon- 
^ton. A network of lines covers tin* regions round 
the m’eat lakofj, and connects w'ith flu* lines of 
the United {States, that by the Hud-son to New* 
^ork being the most important. 

The C.P.R. The trans-continental part of 
the C.P.R. begins at Fort William, on Lake 
Superior, whence the line runs w<*st through 
{ft tninly forested region. About 51) milc's from 
Winnipeg the country opens out into loved 
jmirie, covered over vast areas by wheatfields. 
At Winnipeg the sight of many miles of sidings 


and innumerable elevators brings homo to the 
traveller the magnitucm of the harvest of these 
vast plains. Beyond IVtedicine Hat the line 
follows the Saskatchewan valley, and roaches 
Alberta in the ranching counti'y. The distant 
Rockies appear on the horizon, and the line soon 
enters the foot hills. The ascent is made by the 
Bow’ valley, amid glimpses of tine forest, moun- 
tain and glivcier setmery, to the summit of the 
piss (5,000 ft.), "rhe descent on the opposite 
sido is by flu* pn'cipitous Wapta valley. “The 
r.dlwiy followM th** riser, crossing from side to 
side, ‘inrl clinging to th(‘ ledges of dizzy preci- 
pices.” In th<‘ first parf of tlu' descent there 
is a drop of 1,1. "iO fe«*t in five miles, and in the 
steepe-it p iris the speed is reduced to live mil<‘a 
an hour. At last tlu' canon opens to the broad 
v.dlc^' of (he Cohimhia, witli a fine pro.spect of 
the Rocki<‘s on th(‘ on‘‘ hand, and the Selkirks on 
th(‘ other, with flieir ste(*p forested slopes rising 
to th(‘ glaciers and snow -peaks beyond [141] 

A Wonderful Climb. This range is n<‘\t 
crossed by a triuin])h of engineering Tlv 
line turns u]) tlu‘ narrow gorge ot the Beaver, 
clinging to th<‘ sid(‘s of tlu* mountains, and 
turning up side valUys till at last, between 
gigantic peaks, and in sight of imposing glaciers, 
the .summit of tJi(‘ pass is reached (4,500 ft.). 
The descent to the valley of the ("olumbia, which 
has gone round the Selkirks while the line has 
erossial tluan, is made by the valley of >the 
illieilliw\a(d, <a descent almost as steep as that 
of the VV'a])t i gorge. Thos<' who have travelled 
in th(' Alps will form an idea of the skilful 
engijK'ering de\iee> (‘inployed — the winding 
tracks, tlie loops, and curves, used to reduci* 
the sh(‘einess of the descent. Often as many 
as four tiMcks, oiu' below the other, are in 
sight at once. At last, however, the Gohimbia 
valley is reached, and tlu' line is carried acros.s 
the (k)ld range liy a low pass, which nins for 
many miles between vertical cliffs. Four 
]>eaut)fijl lake's occupy the* wdiole* width of the 
siimmif Je\<*l, and the line ])roeoeds wa'st by the 
Shousliw ap and Kamloop lakes, to plunge at last 
into the gloomy Tliornpson canon, from which it 
einerge's to follow' tJie wild canon of the Fraser. 

“ TJi rough this gorge, so d<‘ep and narrow in 
])laees that the sun’s rays hardly enter it, the 
bl.iek w'aters ot the river fi>ree tht‘ir way. Wo 
are in tlie hctirt of the Gascade range, and above 
th<* walls of tin* canon we see mountain peaks 
gl**aming against the .sky. Hundreds of feet 
above the ri\<‘r is the raihvay, notched into the 
fare of tli(* cliff, and continually crossing some 
deep chasm by a gn^at viaduct, or disappearing 
into a tunn<‘i through some projecting spur.” 
At Iasi the canon widens to a valley, meadows 
appear, farms and oreliards vary the scene, and 
the sight of sti'amboats on the Fraser show that 
the great descent is over. The blue waters of 
the Pacific como in sight, and the train reaches 
Vancouver, the Pacific terminus. 


Continued 
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ITALIAN ‘'""S'?*.'""' 

By Francesco de Fee 


PERSONAL PRONOUNS-tontmuerl 

Use of the Conjunctive Forms. Tho 

conjiinotive foims of the peisonal pionouns 
may be combined together, and tluii the foiins 
mtp tip 8t, cip v%^ \ aie ( haiig€‘d into mty tf, 
te, cep vCp qlifp whtii they oiciii AMth /o, /r/. 
Iff Up we, which they alvvay'^ pietede (Uu !•< 
al\vay«i writttm in one woid with A), A/, IPpJune^ 
and, m thw case, it stands foi to Inm as w<ll as 
for fo her Thus we have the following foinis, 
which are placed bcfoie the vtib 
I/?, to im 

me lOp me la, it, him, hei to me 

me Up me Icp them to me 

me n€p of it, of him, of tin m, 1 1( , to me 

7\p to tin ( 

te hp U hip it, him, hei to thoe 

te hp te le, them to thee 

te ncp of it, of him, of tlum, ( tc , to tine 

*S'i, to himself, et( 

se lop \f Uip It, him, 1 ki to hinisi It, < t( 

8( Up Si hp them to himself, < ti 
iff* wc, of it, of him, etc , to hims< If, etc 
(Up to us 

C€ lOp (e hp it, him, Inn to us 

r€ Up te lip them to us 

ee we, of it, of him, (tt , to us 


\ ip to you 

ve hp le hp it, him, Ini to >ou 

ve Up IP hp them to you 

VP nc, of it, of him, of tlum < t( , to \on 


Ohp to him , hp to liei 
gltelop ghela, it, him, her, to him oi to hei 
qlieUp qliehp them, to him oi to lur 
(jhenpp of it, of him, ot them, < te , to him to lur 


Noil The foinih gUihp ghda gheUp gluhp 
glune aie also used for it, him, her, them, of it, 
< ti , to them, and, as we shall see latei, to you 
Note hcic the forms rip iip theie (p g p n 8ono, 
fheie are, vi saia, theie will be), whith in com 
bmation become ic, with meanings that will 
bo easily gat hei ed fioiii the following 

ee lo troveiete \oii will find him tlure 
ee la Uoveiete you will find hei thtic 
j:e h tfovereU — you will find them tlure 
ce ne troverete— you will find >some there 


Examples : 1 Me lo pwmlserop They promised 
It ioi^e ‘2. Me ne hanno parhtOp They have 
Gpoken to me of it 3. Te 1% dardp I shall give 
them to thee. 4 Te la mosUerdp I shall snow 
to thee 5. Se li sono spesip They 
|f(t thm themselves. 6. Ve ne pre- 
5?hey wfll lend us some, 7. Fe lo 
jibf||idltyou< 8. GUeh epiephirmot 



We shall explain it to him, etc 9. Non glime 
pat late p Do not speak of it to him, etc 10. Non 
ce n\ piiip There i« no nioie of it 

Position of the Conjunctive Forms* ^ 

It has been scon that the conjunctive pronouns ’ 
{mip tip Up etc ) and then combined forms (me lo. 
Ip lOp etc ) aie, as a lulc, plated before the verb. 
But wlun they ociiii with the imperative (the 
thud persons excepted), the infinUivep the gerund p 
anti the fxist jmitiLiplep they aic placed after 
the vcib, and arc written in one word with it. 
They ait also joined in the same way to the word 
idOp as Pitolip hete they are ; piroevp here we 
aic The inhnitiv(» drops the final e before the 
( onjuiK tive foims, as vindettp to sell ; vknderhp 
to sell it , mndptgltflop lo sell it to him If the 
infinitive tiuK in ne the final te is dropped, 
as indutrpp tt) indiite , tndutftp to induce us. 
Wlun the infiintivt is governed by another 
Mil), the above forms may be placed Wore this 
vtib, as Non ))osso dnnelop oi non ve lo poeeo 
datpp I c innot give it to you But if the pronoun 
d( pends upon the Inst vtib it must never be 
jilaecd after tlu» mlinitive, as. Vt Idscto andare, 

I let you go, anti not hsuo andarvt In the 
impirativo negative it is bcttei to let the pro- 
noun pit cede, as Non me nc )xirlafe. Do not 
spt ak ot it to me 

In poLtiy and in littiaiy style the conjunctive 
})ionouns may be added to othei forms of the 
veil), besides those mentioned above, as . tt8pd- 
seghp ho answcieti him When the verb ends m 
an accented vowel, the wiitten accent is omitted 
and the conjunctive foims {gh excepted) double 
tilt initial consonant, as * dammip give me ; 
dtcdp tell us, mostict ovvip 1 will show you; 
difogli, I will tell him 

Note Tjoto is goneially placed after thtS 
Vi lb, but is iievei joined to it: Uho mandato 
loro, I have sent it to them ■'/ 


Exvmples 1 Dpio si tnctgheh, I muet^ 
wnle it to him 2 Che esn qlieh reetUuiecO^f 
That they give it back to him^ 3 JOdteij^j, 
(hvc it to me 4 Non ghelo datep Do not give 
It to him 5 ^vendomene parUUo, Having 
spoken to me of it 6 Vedutoh, Having seen 
him 7 JJceocip Hoe we are 8. ISccoh fj. 
There he is 9 *Vow potete negarlo^ Ypu ^ 
cannot deny it 10. Lo ikero atrestare* Thi^ 
had him arrested 


Exkrotsb XXIX. 

1 Avevamo pensato di v^ndeigU del ; 

ma non ne ha voluto oompraT“" *" 
hanno mpstrato di <Bverse qv 
avessianodra* veho,dax«U 4.,. 
ft. 8«eoU qd, 






I qUadretti ; ae andate in Italia non 

^ di cpmpr&rmene. 7. Ho oomprato 

‘ giockttoli per questo ragazzino, ma ho 
dbnenticato di port^rglieli. 8. Non glieli 
po^^te, perch6 d stato cattivo tutto il giorno. 
9. Se la sarta ha hnito la mia voste, ditelo'cli 
mandItTmela siJibito. 10. Non mane hero di 
dirglielo. 

‘ Exkrcise XXX. 

* 1, Don’t you Bee that this little girl’s fact* is 
all dirty with smoke ? Wash it for her. 2. If 
you have some fr<'sh roses and earnations, m ik»' 
a nice bouquet of them, and send it to this 
address. ,*k I had begged ot you not to tell her 
anything, and you have told her everything. 
4. Here is the letter that we have ree(‘i\«‘d, 
read it to her, and see wliat impression it makes 
on her. 5. If she had's.ad .sueh words to us, 
we should have known how to answ^er her 
fittingly (per le rime), b. This telegnm was 
handed to you at twenty past seven. How is it 
that you give it to me after more than two 
hours ? 7. If you like to go to IIk* theatre, go 

[there] ; T prefer not to go out (ttsnre) H I 
will treat him as my brother, I promise [it] you. 
9. Here is the telegram that we have received: 
“ Received cycles ; will send them you," 10 it 
is in Italian; 1 do not understaml it ; tiMiislate 
it for me, please. 

CVlNVERSAZIONE 

Se il signor N. domanda di me, ditegli ehe lo 
aspetto al circolo. 

Olielo diro. 

Mandate a comprare delle sigarette o 
ofFrltegliene. 

Gliene abbiamo gia ortVrto. 

Pereh6 non me ne avete mai parlato prima ? 
Avreste dovuto parlarmene. 

Me n’ero dimentieato. 

Se non vi sara poss.bile di MUiire, non dimen* 
ticate di avvertirci. 

Cortaraente ; vi mandoro un t<‘l(*gnuninH 

Gli hai doinandato di prestart i del d.inaiu ? 

Gliel'ho domandato e me ne ha ])restato. 

Quando restituiivte il danaio all.x \o>.tri 
arnica ? 

l^er il momento non ho d«inaro ; ma a^ipiuia 
ue avro glielo restituiro. 

Avete risposto alia UMtera di mic) cugino ? 

Non ancora ; aspetto oho il totografo mi 
consegni le niie fotografie, perelie voglio siiedir- 
gliene una. 

VCRBS — continued 
The Passive Verb 

As in English, the passive voice is formed m 
Italian by simply adding the past participle of 
an active verb to tlie various parts of the verb 
^.ssere : egHi e, he is ; e(/U e a?nato, he is loved ; 
egli sardf ho will be ; (gli sara lodato, he will 
be praiseid. The past participle after cssere, as 
W have already seen, must always agree in 
gender and number with the subject to which 
it refers: egli i lodato, essh e lodata, i miei 
frai^Ui 4ono hdati, U mie sorelle sono Mate. 

'iThe preposition by, which follows a passive 
is translated da. She is loved by her 
da auo fratelh. 


L.AMQUAQ«»-^ITAU AN ^ 

EAsere amato, -a, 4, -e , to be loved 

Indicative Mood 
, Present 

I am loved, etc. We arc loved, cto. 

Sono amato, etc, Siamo amati, -c, etc, 
Pa^^l hidefiynte 

1 have been lovcck etc. Wf* have been lo\ ed,eto. 
Sono stnio, -rr, amafo, -a Sinmo siati, -c, amati, -€ 

/ hi perfect 

I w'as lf>\ed We were loxod 

E}n atiiafo, -a Ptavamo amati, -e 

PlKpdjcet 

I had been loved We had Ix'on lovt‘d 

Eto stato, n, nmato, -a Eraiamn stnti, -e, 
a matt, -a 

Past Definite - 

1 was loved Wo were loved 

Pill amnto, -a Eummo amati, -e 

Sieond Pluperfect 

1 had tM‘(‘i\ loved \V(* had beim loved 

Fiii stato, -a, aniato, -a Fninmn .stati, -c. amati, -e 
Fatlne 

T shall be loved We shall bo loved 

Sard aniato, -n Saiemo amati, -c 

Future Perfect 

I shall hav (‘ been loved We shall have been 
loved 

Sat d stato, -a, amato, -a San tuo stati, -c, amati, -e 

Imperative 

Be loved Be loved 

Sia amato, -a State amati, -c 

SrBJi N( Tt\ E Mood 
/Ves'f til 

That I bi‘ loved That wo be .loved 

Sia amato, -a Siamo atuati, -e 

Pet ff ( t 

That T have IxM'ii lov t*d Tint w(' have boon 
lo\ ed 

Sia stato, -a, amatt), -a Siamo sfati, amati, -e 
Impttfiet 

Tf I were loved If we were loved 

Fossi amato, a rdssii}H\ amati, 

Pluperfu f 

If 1 had been loved If we hafl been loved 

Fossi stato, -a, amato, -a Edssimo •itati, amati, -c 

( ’on 1)1 1 ION \L Mood 
Pnsent 

T should be loved * W(' should Ik* I()V<‘d 

Satd amato, -a Sat cm mo amati, -e 

Pl rfeet 

I should have heon We should have b(M?n 
loved lo\ ed 

Satei stato, -a, atnato, -a Saremmo stati, -e, 
amati, -e ^ 
IvFiNiTivE Mood 

Present — Essere amato, >«, -i, -e, to be loved 
Perfect— Essete stato, -a, -f, -c, amato, -a, -c, to 

have been loved 

Gerund 

Present — Essendo amato, -o, 4, -e, being loved 
Perfect — Essendo stato, -a, -i, -e amcUOt -a, -e, 

having been loved 
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Obsekvatjons 

1. In the Present, Imperfect, Past Indefinite, 

Putnre, and Conditional, instead of the verb 
(ssere, may be used the corresponding tenses of 
tlic verb venire, (to come), as : vengo 1 am 

praised; v^nnero trnvati, 1h(‘y were fouml. 
Occasionally the verbs andarc J[to go), and sliire 
(to stay), arc used in the same wky, as : an^d 
pprd’UtOf it was lost ; da snitto, it is wTitten, 
Andare has sometimes the meaning of to be 
obliged to be, as ; Questn lihm ra rustodito tjeht- 
samente^ Tins book must lx* ear(‘fnlly k(‘pt : 
Queda panda m sn itta rovi, word is to l:e 
written so. 

2. 'Phe passive voie(‘ may also b<» formed by 
using the third persons (singular and ])hiral) of 
the aetiv’i^ verb j>reee(l«‘d by a,s : st d{t'(\ it is 
said, they say, jx'ople say, ete ; si hygono^ they 
are read, ett^. 

Kxkroisi-: XWl. 

{ardhrero), time- rahnn{*f {rnhiahmeffnh) 
table ma.gni‘t 

j^rnnda {ffhrrovfiah)^ juitro (/uo deo), tire 

railway 

(tperain (opdi-rdh-t (><»)., rnrhnuf {rahr-hd/H h)^ 

workman i’oal 

srhivarc {.'ik'fe~rdlnrh)Ao ladra {Idhdnt), thief 
avoid 

ffritii (I (’hrfl'to), wound- gmrra {(fK(h-rr<th), war 

<si 

avaro (ahvdhro)j m\svY noioso (//(err-d^o), tin*- 
som<‘ 

1. t)nel ragazzo fu salvato ])er miraeolo. 
2. (Iggi e stato piibhlieato il nuovo oiario <lelle 
ferrovie. tV (Vli op<‘vai vengono pagati ogni 
e.impie giorni. 4. Kummo invitati, ma, non 
ci andammo. 5. Egli e amaio e stimalo <la 


tiitti quelli ebe lo eoti^otto. 6. Mi dispjaiC0 
di non potcre accettare il vostro invito, petoli^ 
devo (I must) par tire subito per Roma, dov^ 
sono stato chiamato telegraficamente. 7. E 
vietata I’affissione. 8. Si dice che la guerra 
fra i due pacsi sia ormai ine.vitabile. 9. Dioono ' 
che il ( ien(‘rale N. sia stato ferito nelF ultima 
battaglia. 10. Non esscre noioso, se no sarai 
sdhivato da tutti. 11. Questa storiella ci 6 
slata raeeoritata da un nostro amico. 12, 
L'avaro viene attratto dalPoro, come il ferro 
dalla ealamita. l‘k T1 fuoco e stato finalmente 
isolate; ma venti ease e duo deposit! di carbone 
sono stati iiiteraiiunte distrut ti. 14. Il ladro 
e sfato arrest at o. 

Kkv to Ex Runs e XXTX. 

1. Speak more slowly. i)lease, because I do 
not nn(l(‘i*staml yon. 2. Do not call him yet^ 
l<‘t him linish writing, Be silent; I forbid 
you to speak ill of a fri(‘nd in my presence. 

4. Which of th(‘S(‘ two do you prefer? 5. I 
])r(‘f(T the first om\ b(*eatjse it is cheaper. 6. If 
in- assei'ts it, that mcfins that it is true. 7. That 
]M)or child tint's nothing but cough all day. 

5. Did you slec']) well last night ? 9. This 
tea. is not gootl ; you luiv(' ])onn'tl the water on 
iM'fore it boiled. 10. Tell the servant to dress 
th(‘ children, Ix'cau.se it is time to go. 11. If 
the artists sing wt'll. we will applaud them. 
12. This is already the third time that you 
ask m(‘ whether if is true : 1 must inform you 
tl\at 1 nevt r speak a falst'hood. l!k Do not 
say so, pl(‘asi‘, Ix^eau.se you have so many times 
told me falsehoods that I no longer believe 
anything tluit you say. 14. Eggs and moat are 
v<‘ry nourisliing. ].■>. T do not understmid 
"i‘y wish to be aKvays right. 
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FRENCH By Louis A. Barbe, B.A. 


• PRONOMINAL VERBS 

General Remarks 

1. Pronominal verbs an* so called beeanso 
th<*y are eonjugateil with two ]K‘rs(>nal pronouns 
whieli refer to tin* same jierson and of wliieh 
one is the subject, the other the object of the 
verb, as je me ffatfc\ I Hatter myself. 

2. The majority of jirononiinal \erhs are 

reflexive — that is to say. they ex])n*.ss an aeiiim 
of which the same person is both the “ doer ' 
and (he “ sutferer,’* as he will 

wn\ind himself. 

II. Pronomin'tl vi'rhs are either {n) essentially 
pronominal, or {b) aeei(h*ntally jironoininal. 
Essentially’’ pronominal verbs are those that 
are never ii.sed otherwise than with two pro- 
nouns, such as sr repcntit\ to re))ent ; sV/x f)aret\ to 
st'ize, to get possession of ; sabstenir, to abstain. 

Accident ally pronominal verbs are those 
which are sometimes conjugated with a single 
pronoun, that which represents the subject, 
and sometimes witli two, thus: il trompe, he 
ttmnpe, he is .mi.stakeu (lit., he 


4. In the third ])(‘rson singular, and the 
third per.son plural, a noun may take the place 
of the subject ; thus : L'enjant se hlessera. The 
child will wound (hurt) hini.s(*]f ; L'armee 
scw)>ara de In vifh\ The army took possession 
of the town. 

4. Tlic pronoun, wliieh is the object of a 
))ronominal verb is not necessarily a direct 
object, oi‘ accusative; it may also be an indirect 
object, or dative ; thus: Je me rapptlle c.e que 
rous m'arez dit, I remember (lit., recall to mysolf) 
w'liat you have told im*. Tlie use of the pronoun 
as Hii indin*et object is particularly frequent 
when the direct object is a part of the body 
thus: in il se lave, be washes himself, se is a 
direct ohj(‘et, whereas in il se lave les. mains, 
he washes his hands (lit., he washes to himself 
the hand.s), .'ie i.s an indirect object. 

5. Pronominal verb.s are reciprocal when 

they indicate an tiotion which several subjects 
mutually do to each other, thus; Nous nous 
myom tons les jours, We .see each other every 
day. The.se verbs can only be used in tlie 
plural forms. > . 






LANOUAQCS-^PRKNCH 


0i the reciprocity of the action ex* 

preyed by the verb is quite clear, the prono- 
minal form is sufficient, thus : ih s'embrasshettf^ 
they embraced (each other). Tf, however, it is 
not obvious whether the subjects do the action 
to each other or to themselves, reciprocity must 
be expressed by the addition of Vnu Vaittre (in.), 
r«nc Vaiilre (f J, les uns Usautres (m. pi.), hs ttnes 
Ifjt autres (f. pi.), each other, or by the u.se of 
mrduellementt mutually, or yrriprofinemnd, recip- 
rocally. Thus, ih sc flattent, may mean (mIIh'i* 
“ they flatter themselves," or “ tlu'V Hatt(‘r t aeli 
Other.” By sayiilg ?7.v sc IfafUM Ics mis Ic't 
atitres, the latter meaning is imwle quite ]>1 juii. 

7. Pronominal verbs an* very mnnerons in 
French. They are fre(|uently used 1o express 
an action for whi<*li a simph* verb is siillieieiil in 
Fnglish, as sc repcnfii\ to repent ; s# Iirn\ to 
rise ; se roiirhci\ to li(* down (go to bed) : sc 
mrUci\ to boast. A common u.'«* of the pn*- 
nominal verb witJi reflexive im'aning is to render 
the English passive voie«', wlusi that ]»a^sive 
does not refer in a special manner eitlur to 
the doer of the action or to tin* state resulting 
from that action, 'riius : C/hkiik roltnm sc rnnt 
sffxiremcnt^ Eaeli volunn* is sold se])aralely 

S. All pronominal v(‘rbs form their compound 
tenses by means of the auxiliary //;t, to l>e. 
'riius : Jc me suis Icrc, I got uj) ; II s' it^t it 
mute. He had boast ('d : 7’// h stms nirJnintr, 
You will have eauglit eold. 

0. Although pronominal viuhs take* t'ln in 
their compound tenses, the ruk* for the agree- 
ment of the past })artieiple in thosi* eompouud 
tenses is the sann* as if the auxiliary were uroiV — 
that is to say, tin* })ast partiei])le does mA agree 
with the subject, but agrees with the <)ire< t 
object if that direct ohj(‘et pr<‘eedes tin* j)ast 
participle. Thus: Xnus ‘mms sninmcs htres^ We 
have washed, hi'cs agreeing Asitb tin* snunnl 
“nous,” which is the direct object, and wbieli 
preeede.s laves. In Klhs sc snnt la re Us mains., 
They (f.) have waslu'd their liands, tin* dirrei 
objt^ct is not sc (to themselves), hut Us maiiis^ 
which comes after tin* verh, 'riiere is, conse- 
quently, no agreement of the })ast ))artiei]d(*. 

10. VVhen given in the inlinitive form (as in 
vocabularies, dictionaries, etc.), pronominal 
verbs arc ahvays aeeom])anied by s<\ oin‘self, to 
oneself, as sc flatter, to HatK'r oneself. In aetua! 
use, the infinitive’ may be preceded by nif, t(, 
nom^ vans: Je vais me prnmdirr, I am going for 
a walk ; 11 cst temps itc tc U rn\ It is tinn* for you 
to get up; Xous acinus pi nr tU mms trnmpir. 
We were afraid of making a mistake ; Je rnn.'* 
prie de. ne. jxis vous dcraiajcr, I l)eg you Avill not 
put yourself out. 

Se lever, to rise* 

Principal Parts: sr levir, sc U rant, sitant 
live, je me levc, je me lecai. 

J Non A J IVE 


Present 
I rise, etc. 

}e\im Uve 
tif. ie Uvis 

H m l^e 
.dk se Uve 
.[nom nnm levona 


Past iJf finite 
I rose, etc. 
je me Icvai , 
ta te levas 
il se leva 
die se leva 
nous imus lemmes 


PreseiU 

rmts vous levez 
ih se Uvent 
dies sc. levent 
Im perfect 
T was rising, etc. 
je me leva is 
fn tf leva is 
it SI leva it 
itif .SI If rail 
mms nnns tfcinns 
mns rnns It ricz 
its .sv’ lent if nt 
ftlfs .St /fraitnt 


Past DeflnUe 
mns mus tevates 
its sc. Ic.vcrcnt 
dies se levrreni 
F ntnre 
[ shall rise, etc. 
jc me lercrai 
tn te th'cras 
it sc Urera. 
die sc Icvf.ra 
nons nnns tiveroiis 
rnns rnns tcrirez 
its sc tire rnnt 
fttfs ’.sr 1 in rnnt 


CoMroiM) Tknsks. 

Past /nfUfinilr 

T haA(* risen, etc. mms nnns snmmes feres 

j( mr snis Irri \ oi* U rite (»r U rirs 

tn t f s tfn\ or U rcr rnns nms Hes lens, or 

it .s r.st It rr terres 

(tic .s t.sf Itrtc if.s ,sc snnt ten's ■* 

dies .se stmt ten'e.<( 

Pin per fed 

I Inul risen, (‘te. ntms mms if ions Icvcs, 

jc m eta is Uirc, or U ric or icriis 

tn t' itais U rc, or U rit' mns rnns itUz Icvcs, or 

if .s'itait tcrc ft vies 

(iff s'itait tcric its sU'fairnl icris 

t ft ( s s' if ait n f fn 'ics 


Past Anfirinr 


nnns mms fnme.s leves, 
or terres 

mns mns jiitcs teves, or 
U rics 

its sc jnnnt Icvcs 
(tics sc fnrent terns 
Future Antcrinr 

mms nnn.'^ si runs leves,. 
or icric.s 

rnns mns si ri'z Icvcs, or 
U rci .s- 

Us sc ,'^1 rnnt Icris 
sernnt Icriis 
Condition AIL 
Pnst nt 

I sliould rise, etc. dte sc linrait 

it no lirirais vnns mms U nrUms 

tn ft finrais rtjns ron.'i U' rcricz 

it .sf linrait ih sc U rent lent 

flics sc Urera U nt 


I hail riMMi, ( le. 
jc me fns tire, (Ar Uric 
tn tc fns levc, (.u' Uric 
it sc jnt lire 
die se jnt Uree 


T -'ball ha.\ i‘ risen, (‘te. 
ft mt .St rai U rc, oi‘ U ric 
tn ft .'itras ten', or U rie 
it .St .St ra ft rc 
flic .<i sern Uric 

1 tUs .sc 


Past 

T should luivr l iseii, etc. nnns nnns strioifis leves, 
ft me St rais fcri,ov ti ric or trrii s 
tn tc .91 rais U ri, or tcric mns mns scricz leves, or 
if .St Si rail Uri Urics 

lilt' .se .serai! Uric U.s sc st ntient leves 

' elfes sr .si rail nt U rics 

1 mi*ekative 
Prcsi. nt 

tin-tni, rise (tliou) 

t/ii'il sc lire, let liim ri.s(' 

ijii'elle St live, let her rise 

Icvonsdums, let us rise 

levez- vous, vise ye 

tpCih se Invent, let them (ni.) rise 

qudlts se levent, let them (f.) rise 

m.i 
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StrBj(;NCTivf5 

Present * Imperfect 

That 1 may rise, eUi. That I might rise, etc. 
que je me leve . que ye me levasse 
qne tu le leves qm ta fe lewises 

qu it se leve (fu'il ‘se levdl 

uu'dle se leve qaelle se levdt 

qne nous nous Jevions que nou,<i nous levassions 

que iH)U.tS vons leriez que nufs rous levu.<siez 

quails .se levent qu its se lerassent 

qu'elles se Ih'eut qu'elfes se levdssrnt 

Past 

That T may have risen, ete, 
que ye me snis leve, or lever 
que tu. te sois leve, or levee 
quit se soil leve 
(jfi'elle. se sort levee 

que 710US itous snqons leves, or len'es 
que vnus vous soqez leves, or levees 
quails se stiieut leves 
’ qu'eUcs se. soient levees 

PI u per feet 

That I might have liscm, vie. 
qne je me fusse leve, or h vee 
que tu le fusses leve, or tevi(' 
quit se ful leve 
quelle se fut levee 

que vous nous fussious letis, or levees' 
que vous vous fussiez ho'es, or levees 
qu'ils se fusseut letvs 
quelles se fusseut levifs 
1 NFIMTIV i: 

Present Pttsf 

ee lever, to rise s'etre leve, U vie, to 

hav(‘ ris(‘n 
rAIlTff'Tl’I.KS 

Present Post 

SC levant, rising s' eta nl leve, levee, leves^ 

levees, having ristm 

Pronominal Verb Conjugated 
Negatively 

Pronominal verbs are eonjngalt'd ni'gatively: 

1, Tn sim])!e tenses, by putting ue between 
the two pronouns and pus after the vtab. 

2. Tn eompoiind ((*nses, by putting ue i)et we<‘u 
th(' twt> proiunins, and pas betwivn the auNiliary 
and the past participle, 

Ne pas se tromper, not to be mistabm 
Tndk^xtivi-: , 

SiMi’LK Tknsks 
Present 

1 am not mistaken, etc. 
je ne me trout pe pus, etc. 

Imperfect *' 

T was not mistaken, etc. 
je ne me tromjuiis yxis, etc. 

Past Definite 
I was not mistaken, etc. 
je ne. me trt)mpai ynis, etc. 

Future 

I shall not be mistaken, eto. 

:ne me tromperai pets; etc. 


Compound Tenses " 

Past Indefinite 

1 have not been mistaken, etc. 
je ne me snis jms troynpe^ or trompee^ etc. 
nous ne nous sommes pas tromper, or trompees, oto. 
Phi perfect 

I had not been mistaken, etc. 
je VP m'etfhs yxis trompCf or trompee, etc. 
nous ne nous Hinns pas frompes, or trompees, etc. 
Future Aiiterior 

T sliall not have been rnistak(^n, etc. 
je nc me serai yuis frompe, or trompee, etc. 
muis uc nous serous ysts tromqtes, or trompees, etc. 
IMI'KRATIVK 
Present 

ue //' trompe ynts ne vous frompez pas 

lM‘(thi)u) uot mistaken be (ye) not mistaken 
(pi'll ue se trompe pas qu'ils ue se tronipent yms 
l(‘t him not be mistaken let tlunu (ui.) not bo 
qu'eltr ue se trttmpe pas misl.iken 
let h<‘r not 1 )v ni isl n kt'ii qu'elles ne se trompent jxis 
ne nous tromjums pas jet them (f. ) not be mis- 
K“t us not l)e mistaken taken 
Sru.f i N’cTivi*: 

Prt sent 

'rii.-d I jnay not Ix' mistakfm, <*te. 

(fuf je uc me trompe pas, (*te. 

/ m per feet 

'rh.it 1 might not be iuista.k(‘n, etc. 
qtie je ue me Iromyiasse pas, (*tc. 

Perfect 

'Kh.it 1 m iy not hav(‘ bren inistakt'ii, etc. 
tiue j*. ue me sols pas frompe, or trompee, etc. 
(pie nous )o uou'^ stqpms pas trompes, ov from pees, 
i te. 

PI u perfect 

'Phiif I migld !U)t li.iv(‘ bi‘en mistaken, (dc. 
t(ue je ue me fusse ptis trompe, or trompee, etc. 
t/ue nousue uous fussious yuis from pcs, or trompees, 
viv. 

TM'IMTIV f 

Present 

ne ])as se trom per, not to be mistaken 
Past 

ne pas s'etre trompe, e, es, ees 
not to h.ive betm mistake!! 
r*AKTrriei.Ks 
Present 

nc se trom pant pas, not being mistaken 
Past 

ne s'rfant jias trompe, e, ees 

not li.iving been mistaken. 

IvKV to Exercise XXVII. 

1. Nous recevons deux journaux tons les 
jours. 

2. Elk* re(^*oit ses amis lo jiudi. 

*k Nous aper9umes une petite maison blanche 
au pied de la c;olline. 

4. N'aveZ‘Vous pas encore re^u de reponse 
a totre l<*tlre ? 

r>. II est facile d'enoncer clairoment ce que 
Ton con^oit bien. 

6. Quand* vous recevrez cette lettre je ne 
serai plus en Angleton’e. 

7. Vers dix heures du matin nous aper^Ames 
Pamit^e ennemio dans le lointain. 



t.ANQUAQKS-QmiMAil 


Sv li cinquanie fraii^d h son tailleur. 

ft Si. voiis lui dovez tant> iie me devez-vons 
lien 1 

10. Vous devriez planter des arbres le long de 
cetto all^. 

11. Quand doitdl y avoir une assembk^c 
dos actionnaires ? 

12. Si la bonne foi otait exilc'^e dii rostc de la 
teiTO, ellc devrait ac retroiiv.cr dans Je c<our 
des rois. 

1.3. Vous devriez d'abord ino payer ce qiie 
vous me devt'z. 

14. Elle a dii etre bion etoimee dc vous voir. 

lo. Vous auriez du lui reiidre rargent qii il 
vous a i)rete. 

Id. Si vous n avez rien mange d(‘piiis ee 
matin, vous devez avoir bion taim. 

17. Quelle hen re est-il V 11 doit el re au 
nioins quatre heurcs et dtmiie. 

18. J'ai ro^u une invitation, mais j’ai du 
la i’t‘fuser. 

Key to Exerotse XXViri. 

1. Kntendez-\ ous ee <pie je vous dis V 

2. N'ayez pas peiir tin ehien ; il ne vous 
mordra ])as. 

tl. Vous perdez to\ijo\irs quekpu*. eUose. 

4. Pourquoi n'avez-vous pas repondu a sa 
lettre ? 

. 5. Nous entencliiues du bruit en haut. 

(5. Qu'ils nous atfeiident maintenant, nous 
les Hvons att<*mliis assez longtemps. 


7. .\ttendez-lo8 ; ils no sent pas encore prct«, 

H. Ne perdez pas tant de t^mps a bavarder. 

0 J^s ennemis, descendant do leurs mon- 
(agues, pillaient (onto la eontrev. 

10. On vendra oes maisons aux enidieres a 
onze heiires precises. 

11. Je ferniai les yeux et jVntendis iiii fracas 
epouvantable. 

12. Vous ne perdn'z rien pour atlontlre. 

1‘1. I^a deeouverte de l\\meri(]ue a beaueoup 
et-mdii eoininere(‘ europeen. 

14. Seigneiir a ett'udu .sa main < 3 iir la mcr; 
il a ebranle les royanr»i<‘s. 

I. ). Le rbeiruometre a deseendu de quatre 
tiegres depiiis liier. 

1(>. jeiint; bom me nous renu'ivia sans 

einbarras clu s(‘rviee (pit? nous lui reiidions. 

17. Rc'iidez a (Vsai* ee (|ui cst a (V*sar, et 
reud(‘z a. Dieu ce (pii est a J>i('U. 

15. Les coups (|ue nous sentons le plus sont 
eeux <|ue nous ne pouvons (pas) reudre. 

lU. Ou(‘hjues grains reiidtmt isuit pour un, 
tl'autres soixaiile, (‘t d autres Ivente. 

2b. Kjimson rompit ses eordes eoiimie on 
romprait un til. 

21. A brebis tondue l)i(‘U mesuro le vent, 
dit le ])roverbe. 

22. ebien est dangereux : il mord. 

2J. 11 y a des personnes dont les louangcs 
mordent et dont les eai(‘ss(‘s egratignent. 

24. L'or fond a un moindre degre de obaleur 
qiie le fer. 


(.^ontinuf'd 


german By P. G. Konody and Dr. Osten 


LXXXVIII. The Subject Clause. 

'llWr It at (11 iMfl bet Clift, unvb ivcuiit luMl 
briir^cil, lie wbo consider s too much will achievt*. 
little. Here the subordinate (clause rejilaees the 
subject anil answers ilie question „U'cr (obev 
U'di') irirt' U'cni^t vH'lU'tinacn (Answer: 'kh't avU' 
(11 viol*. bet ciifl, wliieli is tlie subject of the 
compound sent eiice.) 

^riie suborilinatf snlqei t-clause is introduced 
))y interrogative pronouns (cb, wlietber; ivio, 
Imw ; liMiiii or irciin, when ; Uh\ where ; ivannu, 
wliy, etc.), ui by relative })ionouns (ivcr, who; 
what), or by the conjunction tafi, that. 

.^Examples: a c ii i rfu laiiitt, ift iyi'd'cnlr (ii 

truer. What is n.seless, is too deal’ even as a 

* resent. t^i^ ift crfrciiltih, b a f; tic ^Eriiiic 

f)Ci nt, It is pleasing that the sun sliinus. 

LXXXIX. The Object Clause. This, 
like the object it serves to replace, answers tlur 
question kkffcu V whose ^ or kh'iii ? to w hom ^ 
or kh'U chet khic* '? Avhom or wdiat i* It is in- 
troduced by an interrogative or by a relative 
pronoun. For the sake of greater clearness, 
a Correlative demonstrative pronoun is often in- 
. ti’oduced into the principal sentenee. Examples; 
fvruc mid) (ivcffcn O (Hiifimft (object in 

tile genitive), or, with a subordinate object 
/ clause : 3d) frnie mid), bap cr anqcfcmmm ift, 
; : I am glad that he .ha» arnved. 9 ®cn ba <5 Jpcr.( 
((ett,.bci5 (demonstrative pronoun) qcbenft td 


i(CVU, Whom tlie hearl. loves it remembers 
gladly (proverbial sentence), k' a i(f f d' f f) c U 
UI u u , ta?5 (demonstra,live pronoun) foil man iiidU 
I'crfd'icbcii, Wliat lias to bu done ought not to 
1)0 postjxuuul. If j)n‘positions are needed, they 
aj’c eoniraeted with tlie demonstrative pronoun 
an taa into caraii, ihui rcni into bai'cii, etc.; 

'll’ a c i u c 1) c i iii ii i b I c i b c u f o 1 1 , b a r e ii 

(vi'U rem) fell man nidn ivrcd'cn. What is t«) 

remain a secret should not bo talke<l about. 

XC. Contraction of Object Clauses. 

Object clauses introduc'd liy the conjunc- 
tion raf; (a) can be contract isl if the suliject 
of the ju’ineipal seiileiiee is identical wdth 
that »)f the siib«udiuat e clause; 3d) VCVfprad) 
ihui, ban id) a^ben ii'uvbi', I ])roinised him that 
I should go ; and 3d) I'cvfnad) ibiii (ii c\cl)cn. 

< ’onlraetioii can also take place if the subject 
nf t he subordinatt! clause ligures as object in the 
principal senteiue, or if this relation is implied, 
though not actually expre.ssed : Welt bcfat)t b c 11 
c n f dun , raf; f i c (tic ^Ulnifd'fit) eiiiaiibcr tiebcii, 
Ood commanded men that they shonld love each 
other, can thus lie eontraeled into befall 

ten kjcnfrf'fn cinaiibcr (it liebcu. A.s may be 
seen from the above examples, the contraction 
consists in the omission of the conjunction bap 
and of the subject in the sidiurdinate clause, 
wdiilsi tlie verb takes the prepositional infinitive 
with (U. 
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(!>) In oilu^r caHes the conjnnetion can be 
dropped, whilst tlie suhtn'dinate clause assuiaes 
the same sequence <►£ words as an independent 
sentence, tlie subject preccilin^ the predicate, 
etc. : (^'v cr^at^ltc taf; cr bax< <vciKr c^cfcbcu tate 
(dependent clause with finite verb at end). 
He told us (hat he had simmi tlie tire ; nr, with 
the conjunction bvif; omitted : i^x rr^ahltc inu\ 
cr (subject) l)abr (predicate), Antrr (object) 
v^fri'cil, He told us be b;ul seen the tii-c. o d' 
evimteve iiiidn baf; i d' tvu^ (Veuev yVjclKii hvibc. ! 
remember that 1 have seen the is, on the 

other hand, coniraelcsl int(j : ,^d' cviiuirro m:d'. 
bkUi il’CiU'V luibcii, I lie sub ject ladu'^ 

the sarm; in tlu^ [uineijial sentc'iice a.nd in the 
dependent clause. 

(r) Jn some iiit erj)ola1 I'd subordinate objeel 
elausos introduciMl ))y U'if, as, tins eonjuiietiiui 
can be dropju^d, and tiui el.iusi' assumes the 
same seqmmce of words as tin* indepeiulent 
sentence of qut.'sjion (tlu' verb preeeilin.*^ the 
subject): (s'r hat, U' i o ft tt n a c r ^ a 1» 1 1 c , bat^ 
jVcni’V iicfohon, He lias, as lie told us, sei'U tlu* fin*, 
or contracted: (<’r hat, cr^dhltc cr inic, bas> 
tVeuer v'^cj'chcii. 

(d) In conditional clauses (he <*«m juiut ions 
U'CUn, falls.\ if, can be drojiped, in which ease tlu* 
clause is airano(Ml asiii(r): '^dcmi rii Itid'l iV'lu'li 
U'illtl, to hleiho bahi'im. If you don't nani to i;o, 
sbiy at lioim* ; or, with omission of the <*nii 
junction u>r till: 'U* i 1 1 U cu iiid't fo blcihc 

bahcini. 

(f) Witli verbs with sej.arable prclixes the 
preprisition pi is inserted between llic jirc'lix and 
the stem; fort-iV’hfii, to t^o away ; ,'>d' hcfahl ihm, 
ba^ cr fortktchc, or contract e<l : ,\di hcfahl ihiii 
fort pi iphen, I bade liiiii <^o away ; but fiUKriicii 
(insej>arable prefix cut*) ; ,'>d' hrfal)! ihiii, baf; cr 
fic^ cntfcnie, or : j(f> hcfahl ihm, fid' ,pi cinfcrncn. 

XCI. The Subjunctive in Subordi^ 
nate Clauses. Tn su))j('ct and olqect claus(*.s 
the subjunctive is emjdoyi'd if tlu* person 
speaking wishes to suggest that the context of 
the subordinate clause is nu'iely an <»pinion of 
the “subject” in the ])rineij)al sentence, or if 
sometluiig is expressed (wish, demand, hope, 
command, et('.) tliat liasn<d yet been }u*rforme<l 
and has yet to become a realit y ; 'nh vpanhtf, bap 
rr aiupfouinicn fei, T thought that lie hadarriveil ; 
or, with the omission of tlu' eonjunclion; ;'>d' 
idauhtc, er fei aiup'fomiiicn. For filrlher rules as 
to the u.se of the subjunctive st'e 
jiage 

Nakhattvk CnxrsKs '^Fhe obji^cl clauses in- 
clude those in which tlu* .spet'ch cif other 
persons is related, either directly (direct speech) 
or by circinnlocuti(ui (indirect speech). The 
quotation, with tlie sidijinictive of t lie verb, is 
frequently int uidueed by the con juiiclitm baf? ; 
and the imliroct clausii of que.stion by oh, w lieUier, 
unless there is already a con junction of cpiest ion ; 
(fr fMvpr utid), oh id' tonnucu u'iivbc. He asked mo 
whether. 1 should come; and: (5r fra^tc in idy 
traun fommeu U'iirbe, He asked me when I 
should coinc. 
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EXAMINATION PAPER XXII, 

1. Which cases are ruled by adjectives in 
German ? 

2. How many adjectives govern two alternativf3 
cases, and wdiich are those cases i Enume- 
rate the adjectives. 

3. What in elix expresses the negative meaning 
of adject ives '{ 

4. \N'hat isthe ditrerenee beti> ecu co-ordinate 
and subordinate clauses in a conqiound 
s(*ntence { 

i> W hat is the eharacterist ie feature of the 
subordinate clause witli regard to the verb ( 

(I A\ hat an* the jiositions of the subordinate 
clause in a comjiound sentence ! 

7. How does tlie use of flitliueiit classes of 
c<*ii jiincl imis attV'cl tin* nuitnal relation of 
CO ordinal e clauses '{ 

8. Why is it often necessary to emjiloy sub- 
onb’nafe clauses, and \vht*n lire they to be 
av<.i<l<‘<l ^ 

1) I low can the suliordinatt* <rlauses be clas.si- 
licd ' 

|i>. W'bat is a siibji'ct clause, and by ivliat W'ords 
is it introduced t 

11. Wliat question (w it h regard to t lie case) is 
answi'rc<l by the object clause i 

12. lly what wonls is the <dqeet clause intro- 
duce! I i 

l‘i. Wliich cnrielativc pronouns anj soim^tiiues 
introduc(‘d into tin* principal sentence, ?ind 
for wliat reasons t 

14. W lu‘n can a subonlinate clause be ct>n- 
f racte!l ( 

15. H ow <loes contr.ietion by omission of certain 

wor«ls atfect the veil* in the subordiiiat.e 
el.iuse '( * 

10. Wliat is the seipionce of words in a con- 
tracted intcrj)olated suliordinate clause ? 

17. Wliat considerations necessitate the use 
the subjunctive in subordinate clauses? 

18. r>y wliich conjunction are “ narrative 

clauses” fre<punlly introiluced ? 

Kxr.uiasr., (\»utiac( the following sentences : 

Tcm .kiubc u'uvbc bcfrl'lcii, baf? c>.' im ^immcv blcitc. 


'Ihe 

ehild 

was bid 

to stay in the room. 

To III 

.Uiubc 

U'lirbo 

befot'len, bag ca bablcibc. 

Thi^ 

child AN as 

bid to stay here. 



tat ilui, 

bag cr mir Iwlfc. 


I begged him to help me. 

:^cf) iMt i(ni, tai? cv miv mit ciuiv^cm (^klbc cm^i()elfc. 

1 begged him to assist me with some money. * 

'^d' Ku Kmi, bag cr jict> ciiiftU'cilcn niith bcl)f(fc. 

1 hegge<l him to get on meanwhile without me. 

C^v crfUutc, bag cr iud)W bat>oii triffe 

Ho declared that he knew nothing about It. The 
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U^m fcin < 0 cl^rt«i(^t« niittetlcn \mxtt. 
fisher feared that his son would tell him nothing. 
3 cft bag mcvafii frul) abvctfcii ircvtc. 

I hope that 1 shall start to-morrow morning, 
(te \\m, ime tt mir fa^te, fd^vcd liih. 5^fr .licuifl UMirtc, 
It was, as Ite told me, ten-iblc. As the paper 
U'ic fcic SfituUi^ tcvid'tctc, c\lan^cut' cnu'fauctcn- 
reported, the king was given a splendid reoe])tion. 
ir>ett3'tiwn UMivtctci* '45cfclU crtcilt, taf; fie rao tvciicv 
The troops w^ere given the order to oj)en 
fvrjfncit. (Mcftattcn 3ic ntir, bap id' Abncn allcc fv^dMc. 
lire. Allow me to tell you all. 
Crrlaiitcu 2ic mir, ran id' 2ic iiad'ftfiu' bciiirf'c. ('»ic 
Allows me to call on you shortly. (Vm- 
U'ifj,abcr tradneu 3ic, raf; 3ic nid't ben duvU'ctf'htHicn. 
tainly, hut try not to miss your train, 
'iilcuu fi' fid' fc vcrl'dlt, raiui blcibo id' lU'd'. oallo 
If this is the case, 1 shall stay yet [awhile). If 
3ic nid't U'iuifd'cu, fo umit ci' ciuMd' nid't iVf'hcl'cn. 
you do not wish it, it will simj)ly not he d«‘iu‘. 

VII. At 

What piece is }>layed to-night- at your tlu atia 
Wagner’s “ Tannhiiuser.’’ 
t-iin 1 have a ticktd ! 

Yes, but the only vacant seats are ii th<‘ last 
rows of the stalls. 

There are no more si'ats in the front rows ! 

Can you see well from tin* hack rows { 

Oh, yes ; the theatre is built like an amf»hitlM*atre. 
Can I have a corner seat ^ 


Kky to Exercise in Examination Paper XXI. 
(Pa(je 3932) 

M) UMi* nifincv ‘i'flid't riiuKCcnf. Tex 'Scl)U 
ift feinem 'bhitcv rtbnlid'. tic Vi^c trar ben 
^Itl'cncrn aiiitcbcrcn. tic >Svid'c fd'icii bent 'tlcvtmten 
bcrcnflid'. (vr I'iclt il^n cincc' frld'cn fd)rccf^ 
(id'cn 'i'cvbrcd'cnt' fabiiV tcv CMcfanc\cnc U'ar bfc< 
Uricilt' i^tt'drtiiV tic (**'ltfrn finb ber -^vnid'c nid;t 
inad'thv tic ^dr^itcn ivaven bci' ticnftci' nl'crbvufjivV 
ten ^irlDiUcn tvar tcv tienu iibfrbruffiiy tao .Hint 
ift icinen tviicvn (^kbeifam fd'iiltijv tiefe .'^anblnnit 
ift Dcincv nnuMivtiiV 'IWui iibcrl)ob mid' brv 3}hit)f. 
tic "i'cvfehvv UMUTcn rci' ticbci^ habbaft. ticfir 
dU'ifd'cnfviK cvu'ics> fid' ntii ipinni^v tac iflibv tyin^ 
idcid'ipiltiiV tac' 'Ih'lf ift bent .Ubniij untertan. 
irri^ccui tcv isall rcui iVid'icr iiiilhir umv, fanb cr ibn 
biv 'iHvbvcd'ciii' td'iilruv - n- Aclrl'crv u'ar biefer 
i\vi'fu'u Ubcryd'l md't iyuMd'fcn, unb cvvyib fid', ah< cr 
ber I'cvanviutcnbcii Tviid'cii Jiiitn'cu anfid'ti^t U'nvbc. 

the Theatre 

fiiv cm 3tiut U'ivD bcnic iii Al'tcni .5 beater 
Aciviclr ! 'iiiaipicr’s.' „iannl'anfcv'^ 

.Hann id' cin 'iMllct haben V 

Avi, abev Cl' finb luiv 2ilu' in ben Icbtcii ?)icil'cn 1^' 
"ihirlctti' frei. 

An ten vi'vbcvcn Jlicil'cn aibt c.' feinc ^ibc mclp* V 
>£icl't man ant in ben uidu'auiaon dicil'cn ? 
r ja, tab $ beater ift auirl'irl'catvalifd' ad'aiit. 

.Hanii id' cinen Cidfit^ habcii V 


No, I am sorry, only the centre s(*a(s are vacant. 
How' mud I is tlie seat ! Pour marks. 

When does the pcM-fonnance begin { 

At 7.30 ]).in. 

And when is it over ! At 10.30. 

Is tlie cast good i 
The cast is exc'dlent. 

Can 1 havi' a programme ? 

You wull get that at the tlieatre. 

Is it also possible to get a book of tin ords ? 
Yes, you only have to ask at tlie box - dlit 
Aretherenoaiitomalic machines for <i})era glasses^ 
No, they have not been intioduced heie. 

How' upiny minutes is the long interval ' 

W^here is the bullet ? On the second thnu’. 

Is smoking permitted in the ]mNsages ! 

Oh, no; it is not allowed anywlnre withiii the 
theatre. 

Must one’s stick be left in tlu* doak-riM»]ii f 
Will you give mo my overcoat ! 

AVill you, ])li‘ase, gel me a cab after tin* theatre. 

VIII. At 


Vcibcv nid't, inir in rev ^Ik’itrc finb ucld'c fvei, 

"hnib Icficr bcr «^il!; ^ 'Imcv !:\liavl. 

'libnni bcc\inni tic 'Inn-ftcllimaV 
Urn ball' ad't Ubv '.Hbcnci'. 

Unb UMim enber fic ( Uni balb elf Ubr. 

Aft bic 'IVfci.mna 

Tic 'ib'fot.mua ift verpialid'. 

.Raiin id' cuicii $ I'cafcvy ird baben ^ 

Ten bcfoniutrn 2ic im J beater. 

Aft ba and' cin irvtbiid' erbdUlid' f 

Alt, bab birre nnr win 'i^illciiriiv vcrhuiacn. 

(Mib! ct> Iciiic rreruahn' Vlurvmarcn { 

'.Vein, baiMU Ini iiiu' nid't ciuvV'nbrr. 

"llbc vide liiiinitcn baiicvt bic Au'ifd'ciivanfc '( 
ift ba‘-> 'ibiffct ^ 'sm ;u'ciicii ^todu'crfc. 

Tavf man in ten dviilvivi? vaiid'cn ^ 
r min, bvii' ift in tciiicm JlJaiimc iimcvbalb bci' 
i beatevx' 

"IKiif; man ten .^ii'd in bey (Mavrcvvbc abacbcn f 

'hb'llcn 2ic miv mcincii Uberved ! 

v3ittc, beferaen £io mir cinr Tvi'fd'tc mid' tern i['catcv. 

e Barber’s 


I want a shave. NN ill you sit down, please. 

, Will you soa]) me well, as my beard is stifi. 

Is the brush well cleano«l f 
A Wg always clean <^verytliiiig most carefully 
after use. 

The razor is scraping a l)it. t ’onhl yon not 
* sharpen it a lit tie 
It is better now. 

After washing, you can give mo some eau d< 
Cologne. And now a little licc ]»owder. 
you cut my hair, but not too short. 

1 also want a shampoo. 

How much do I owe you ? 

Altogether it amounts to 60 pfennigs. 


'ivb'llcii mid' vafivcii ! 'IMttc “tUab pi iicbmcn.* 
'/'iuc mid' lyir cinpifcifcn, ba mein 'Ibnr bavt ift. 

Aft rev 'I'inicl ant aff'ini'lt • 

-IVi nih' U'iiT allcc mid' jcrct'maliacr il^cniibiina 'inf bat^ 

^cvafnltiaflc vein vymad'f. 

Tao 'liafivmcffcv frabt cin ivcnivv .Ucnntcn cci 
nid't fd'vivfov mad'cii ( 

Acbt ift ce beffer. 

LUad' bem 'ithifd'cn Icniucn >^ic miv ctivae^ .HiHnifd' 
'^'Aaffev a^ben. Unc nun ctUMv' Poudre de Piz. 
'iMtic miv bic .V»aarc pi fd'ucibcn, vihr nid't pi fuvp 
v^ic fdincu mir and' ben .Hovf U'afd'cn. 

3lhii^ bin ich fdmlbi^? or 59ao babe id' pi bcyihlftt ^ 
JUke pifaminni tnad't 60 'I'fcnnivV. 

Conlinued 
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[SPANISH By Amalia de Alberti 6 H. S. Duncan 

REGULAR VERBS— I^ontiniiod Original Imperatives Negative Imperatives 


Third Conjugation 

Mocic'l Verl>-Vivir, to live 
Infinitive (Jekono 

Vint\ to live rivifyu/o, liv'ing 

J\\S'!’ PARTfCIPf-E 
ririffo, livrd 

Indicative M<»od 
Present f Hi per ft rf. 

vivo^ 1 live rirlfi^ I was livint:: 

rives, thou livrsl r/’/'c/.s, tliou wast liviiiu' 

vire, ho liven riritt, he was liviiiu 

viviyyuis, wo livt' rirlanuts, we wrvoWy’xwj, 

viris, you Jiv<‘ n’rini.s, ycui wort* iivin*r 

riven, they live ririfitf, llioy wore livinjji: 

Past Definite. Future 

rivi, 1 Jiv(*(l ririre, F live 

ririste, thou livotist- ririnis, Diou wilt live 

tirio, ho livod rirird, lio will livt* 

ririyyivs, avo JiAtul ririreyyif^s, wt* sliall livt* 

riristeis, you livod rfrireis, you will livt* 

t'ivieroyt, tht‘y livotl ririrati. 1h(*y Avill live 

CoNDn ON \i, Mood 
ri vivid, I shtuiltl livt* 
riririas, tliou wt)uldst liAC 
riririd. In* wtudtl (i\'o 
ririridWiis, wo should livt* 
riririais, ytm woidtl livt* 
viririnri, llu*y woultl livo- 

ImPERATIVE Mot)D 
— rivffitios, lot us live 

rive, livo (thou) vivid, livt* (yo) 

rivd, lot him livt* vivan, lt‘t llu*m livo 

Si H.firxcTJVE AhxjD 
Pnsrnt 

viva, I may livo vivanids, wt* may livt* 

I'ivas, tliou may.st livo viva is, you may livo 
viva, ho may livo vivau, thoy may livt* 

Imperfect 

ritnero, or povVw, I might livo 
vivieras^ or viviese.'^, thou mightst livo 
viviera, or riviese, ho might livo 
ririeraynos, or ririese/no.'i, wt* miglit livo 
rivierais, or i'iviesris, you might livt* 
riviernn, or viviesen, tlioy miglit live 

Future 

inviere, whon \ shall livo 
qdviercs, whon thou wilt livo 
riviere, wh(‘i\ ho will livt* 
rivieretnos, wlioii wt* shall livo 
rivirreis, you will livo 
rii'icrcn, thoy will livo 

Note. Tht? compound tonst's aio formt*d 
with the verb haher and tho participle rivldn. 
Example: he piou/o, I have livod, otc. Only tho 
second person singular and plural arc original 
forms, tlio rest are all borrowed from the subjunc- 
tive present. The original imperatives cannot be 
used in tht* negative ; the n(*gativc imperative 
must be rendered by the subjunctive present. 
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ama, love (thou) wo ayyies, do not love 

anmd, love (you) vo amct>,*dfi not love 

come, oat (tliou) nn eoynas, do not cat 

rained, (*at (you) wo comdis, do not eat 

rive, live (thou) no vivas, do not live 

■vivid, livo (you) no rivdis, do not live 

I'he other poisons Ix'iiig already in the sub- 
jnnotiv<'. ncocl only tho addition <d' no to h(*come 
negative. 

tunemos, lot us luvo «o oouoao.s*, lot us not love 

Euphonic Changes. I’ho following 
changes an* madi* in tho spi*lling of certain 
rt‘gular verbs in firdcr to retain tlu* same pro- 
luiiioiation of tin* stem throughout the ecn- 
jiigation. 

1. All vi‘rhs (*ndiug in car change the c into 
(ju before r — that is, in tlu* first pi'pson singidar of 
liio ])ast (l(‘(init(*, t lu'ouglioiit the subjunctive, 
and in ihosi* p(*rsous of tlw imperative Avhioh 
an* borrow (‘(1 from tho suhjun<*tiA e. Kxaniph^: 

Tocar, to touch 

Past Ih-t. —tofjui, IfK'd.ste, ford, ot<‘. 

Suh. Pies, toi/ur, tixjuis, fo(/ue, /or/;/e/«o.s*, 
totjuei^, toifUiii. 

Imp. tnvd, to'pie, toffurniox, forad, toqnen. 

2. .Ml vorhs <‘uding in (jar take u after the y 
ill the same |)(*rsons. K\;imp](‘: 

Pagar, to pa> 

l^ast l)i‘f jKfjue, jHijadt , f)d(j6, etc. 

Suh. Prt‘s. pajue, pajues, jrtjue, pajuentos, 
pajueis, pfijufu. 

Imp. pajd, ))ajue, /Mtjuhno'<, pajnd, pajueii. 

All verbs ending in zar ehaiigt* tlu^ ;; into C 
in the Slim* places. Example: 

Atcanzar, to reach 

Past \)ei. — rd(atnr(', alranznste, dtranr.d, etc. 

Sub. Pri*s. -ulranre, <dra tiers, a ten tire, nle.an- 
retnos, ali'anecis, ah'annn. 

Imp. — Aleatiza, (fleanrr, afrntiretnos, aJeanzad, 
a tea liven. 

4. Verbs (*ndiiig in juar take tlic diien*sis in 
the same teiis<*s — tliat is, Ixdcuv e. Example: 

Averiguar, to ascertain 

Past l)ef.— avrrijiie, averijuiste, averijiio, etc. 

Suh. Pres, -averijiie, nvevijuvis, nveriijil?, (jte. 

Imp. — dverijih, averiffiie, nverijiinnos, avert- 
jicid, averiju' n. 

r>. VerUs ending in err and cir pre(‘edod by a 
consonant eliangt* c into c before n or o that 
is, in tin* first person singidar of tin* indicativtj 
present, Ihrougliout tin* subjunelive jiresent, and 
ill imperatiN'cs borrowed from the subjunotivo. 
When the ending eer and fir is preceded by a 
vow'el 3 is inserted before c whenever the latter 
i.s folio w'ed by a or o — that is, in the aforesaid 
placi'S. Examtile : ^ 

Veneer, to vanquish ^ 

Jnd. Pres. — t'enzo, vences, veme, etc. 

Sub. Pres. — venza^ venzas^ venmy etc. 

Imp , — thence f renza, venzamos, verve ed, venmfi. 
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Esparcir* to scatter 

Ind, Pres. — esparzo, espinres^ esi)arec^ etc. 

Sub. Pres. — esparza, esparza^, e.-iparzaf etc. 

Imp. — esparcf, fUfxtrza, csjxirzdrm^ pspareid^ 
esparzan. 

Nacer, to lu^ bora 

Tnd. Pres. — mzco^ naco.^, nace^ etc. 

Sub. Pres. — nazea^ mtzeas, nuzca, etc. 

Imp. — nacf^ nazea^ nazeamo.'i^ nared, nazran. 

6. Verbs ending in grr and gir change g into 
j b<d()ro a and o. Example: 

Coger, to gather 

Tnd. Pres. — rojo^ cages, cage. etc. 

Sub. Pres. — caja, cajas, cajn, cajamas, cajals, 
cojan. 

Imp. — cage, coja, co jamas, caged, cajmi. 

Dii*igir, to direct 

Tnd. Pres. dirija, diriges, dh ige, etc. 

Sub. Pres. — din'ja, din'jas, dirijainas, dhijais, 

iirijan. 

Imp. — dirige, dtrija, dirt jamas, dirigid. dirijan. 

7. Verl)s (‘nding in guir dro]! the u before 
a and a. Example; 

Distinguir, to distinguish 

Ind. Pres. — dislcmja, disfingaes, distiugac, etc. 

Sub. Pres. — distinga, dist'nujas, disthiga, et**. 

Imp. — distingue, distinga, distinga mas, dis- 
t i ng n id, d isti n ga n . 

8. Verbs with stems ending in ch, li, or it, drop 
the i in the diphthongs ie, io whenever tluvse occur 
in the t(*rminations — that is, in the genuul. third 
person singular and })lural of tlu‘ ]>ast dctinite, 
and in tlu^ imperfect Jind future of th<‘ sib- 
junetive. Example ; 

Bnllir, to boil. (uMund, hnlhnda, (dc. 


Planir, to lament. (b*riuul, nianenda, (‘te. 

Henchir, 

to till. (leriind, hinchenda (irreg.), etc. 

Vocabu- 

Vocabu- 

Vocabu- 

Vocabu- 

lary 

larfo 

lary 

lario 

Aillu-ro 

.Xdlu'iir 

I'lie \ ine,\ ar«l 

El vinedo 

To coiiffo* 

(’•Miterir 

A cart. 


T») foii'ifiiti 

('oii'ieuf ir 

A wheel 

1 'iia roeda 

To convert 

C<nn erl ir 

'I’lu* axle-t ree 

El eje 

To ;*ivc tlio lit 

1 foment ir 

riic yoke 

El v ngo 

To amuse one 

l)i>eitir'^e 

The wliip 

Kl lati-io 

self 


A reaper 

1 'll sei:ad»»r 

T«» wmiiul 

llcri r 

A earmnii 

\'n i’arvflei 

To infer, to do. 

Inferi 

A vintager 

In vemlii 

tiuce 

Tt) invert 

ln\er(ir 

(w sleii) 

d<>r 

1 na pala 

To lie 

Mentir 

shov el 

To nerverfc 

lVr\ erti 

i A furrow 

I n >.iii« «» 

To .«4peak, to IToterir 

) .\ sev I he 

1 'iia giiadaii.i 

express 


I .V thre-diing 

I ’na < ra 

A (|iiack 

I'll empirien 

1 fl<Mir 


A taltle 

Tna fahulii 

j An arhour, oi 

I'lia enraiiiadii 

A fatalist 

Uii 

( ho\v<-r 


Woinanlv 

Kenicnil 

.V foimlain 

1 na furiile 

The fair' 

La t'eria 

' A tiihe-pipe 

I 'll raiwi 

The rttilrosvl 

El ferro< iin il 

Potatoes 

Vat at as 

Tliin 

Flsieo 

\vti( hokes 

Al<‘:i«'hutu'. 

Frivolous 

Fri\olo 

St l aw 

Vaja 

The smoking 

El salon )>ara 

The a\ iary 

La ]iajureia 

room 

fiiinar 

\ lijr«l-i-ati j|f 

I 'll «-jiy:idor de 

The fugitive 

K1 fugitivo 

1 

pajjiros 

The fouiulr\' 

La 

The grain 

El grill H) 

itallautly 

flalanlemente 

, Tlie granarv 

El graiH'io 

The gallery 

La galeria 

, Tlie glohe 

El gloho 

The gallop 

El galope 

The glory 

La gloria 

The uUrkloek 
A bnek 

La gan/.ua 

1 Heav en 

El eielo, el 

ITn huh illo 


iirniaiiunto 

A slate 

Vna pi/avra 

, .A glossary 

I II glosario 

A wood 

t'n l)o>«|iie 

1 A glutton 

I'll glut on 

A desert 

Ihi desierto 

Svnip 

.larahe 

(The) maiiuic 

El Citierrol 

A j»g 

1 ’ll juiro, Jaira 

A root 

Tna ruiz ' 

A cage 

I'na jaula 

Vegetables 

Las leguinhres 

A {Kick of 

Tna Juiiria 

A mineh 

I’ll raf.Tuio- 

• houufls 


The vintage 

vendiiaia 

1 The ehief 

El jefe 


Exercise XT IT (T) 

Translat e the following into Spanish : 

1. Since when has the banker .\T . . . . 

had the cross of ? 2. It 

was eonferred on him alter the war. .‘b 1 
shall be pleased to chmy the falsti rumours 

which have been current in the town. 4. He 
was wounded in the right arm by a pistol 

shot. .*). Was it the right or the left ? 0. T 

hav<* aln*ady said it was tin* right. 7. T inferred 
that he was ill. I have not seen him for many 
days. S. TJiat man is cMpahh; of perverting 
the wdsest person, liis doctrines an* seandalons. 
t). 1.^*1. us go (vamos) to tlu* fair, shall cer- 
tainly he able (podremos) to buy good colts and 
hors<*s. 10. The .smoking-room is at tlie end of 
the garden. 11. To-morrow wi* will go (iremos) 
to the cannon foundry. 1*2. 'Plu* thief opened 
the door with a picklock, lib The S(‘ntinel 
is in tin* seiitry-bo\. 1-b Have you sullieient 
grapes for the vintage ? X^>, I have not 

sullieient ; hut 1 have hcaulifu! bunches. bH. 
Ilavt* you a vine ? I have two— one in Moguer, 
the other iu Jert's l(>. The m,xI(' broke when 
tin* horses wi'ii* gallo])ing (il>aii al gal6x>c) and 
the carriage u])set. 17. Death is reprcsont(‘d 
with a scythe an<l hour-glass. 18. 'rhe, ri*apcrs 
hold the sup(‘rstition that if they cut any 
aiiim.il in reaping, uh<‘ther bird, rabbit, or 
any living thing whatever, they have cut their 
own liv(‘s. It). Aft(‘r tin* har\v‘st is tinislicd, 
th<‘ harv(*st(‘rs dance on the* thr(*shing ttoor ; 
it is a custom whieli dates from th(* Middle Ag<*s. 
20. The fountain in tlu* garden is of marble, 
and the w’a1(‘r very limpid. 

Exercise Xlll (2) 

Translate tlu* following into English: 

1. N'engo })ara avc'rigiiar los ])oriuenores del 
rol)o «pi(' tiivo (took) lugar ayer. 2. Njida mas 
podemos decir, a Io ya ( xpiiesto. Ib Seria 
posible (*oger {i ios ladrones si uos dit‘ramos prisa. 
•I. X'o vale la p<‘nji., lo que tojit'rou es de poco 
valor, y <les])\ies de tudo aijiiellt* rle “ vivir y 
dej:ir vivir ’’ vieiu* Men aipii. a. Es liombre d(^ 
gran \oluntad, n icib dc* la nada, y vea la posieion 
i|U<‘ oeu])a : piensc* en todas las ditieultades 
que ha tenido (jm* veneer. 0. Es muy dis- 
tinguiclih 7. Vamos a et)ger el tren. Es tarde 
y si no ll(‘garan V^fls a ti(‘nq)o; no Io eogerdn. 
8 . ; 'Pen <‘ui(lado ! ('s])are(‘s esa s(*milia en cl 
eamiiio, y si no qvu*dara ningiina })ara cl ja^rdin. 
0. Esa nnijer (‘s nuiy frivola y siqicrticial. 
10. Fniinos anocln' a la galeria d(‘l 'Peatro Heal, 
no tiir gji.slb la tra.gedia., la piimera dama es 
demasia(lo \ ieja., y el ])* imer gahm no sabc 
de<Iamai‘. 


IMPOSE EXTHAt T XL 
From a satirical cssav hy Antonio de 


Valbuena, entitled: 

** Academicalities.” 

You arc all aw an*, 
that the worst wu’iU'r m 
Spain is the Academy, 
tlie Royal ^ Spanish 
Academy, w hose offi(*e, 
ae(?ording to its€*lf, is 


Acaib'iniquerias.” 

Va .saben ustedes i{ua 
quien poor escribe en 
Espaha c*s la Academia, 
la Heal .Xcadernia 
Espahola, eneargada, 
segun ella <lice, de 
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to ptirify, define, and limpiar, fijar y dar 
add luHtre to our native lustre al idioma patrio. 
tongue. put though Pcro aunque lo saben 
you have known this ustedes haco ya mucho 
for a long time, it will tiempo, no scrd inalo 
be 118 well to remind recordarselo para que 
you of it, in ease you no so les olvido. 
should forget it. 

ft will also 1)0 as well Y tanqioco scnV malo 
to warn you, in order to advortir a ustodos para 
spare you a shock, that ovitarlos algun susto, 
the document we art; que el t'serito <|ue 
about to examine (‘Ilian- vainos a examinar 
ntos from the aforesaid ahora ])(‘rteneo(; a 
Aoademy. Because it la Aeack'iuia rt‘f(‘rida. 
is the report of a solemn Como quo os la 
academioal funetion, res(‘na do tin aeto 
and it is a weil known Aeadc-mieo soU'mno, y 
fact that file Academy ct cosa l)i(‘n avc‘ri- 
does not trust ariyoiie guada ((uc la Acadtuuia 
with the task of siug* no tia .i nadio el encargo 
ing its glories, but ck; e.antar sus glorias, 
alway.s do(*s it itsi'lf. sino cjue lo hac(‘ por si 
And it does well, misma.. Y luiee bien, 
because if it did not porqm; si no las eau- 
sing tluuu, nobody elsi* tara <‘lla., no las(‘aiila.ria 
would. na.dic. 

The Academy iindei ' Asi lo cnti('nd<‘ la 
stands this, and there- Acadiauia. y por (‘so \ a 
fore it is w(*ll known s(‘ sala*, al concluirse 
that aft('r a si'ssion one cualqtiiiMa st'sitm, uno 
of the Academicians dt* los A(*ad<'‘rni<*os 
present writt's tin; asistentes a (‘lla (‘scrilie 
eulogistic broadsheet el suelto laudatorio 
to be sent to “ La para (‘iiviarlo a La 
Correspondencua " and ( ’onrspondcrKaa/' y 
other iii‘wspapers hav- di'inas p(‘ri<Sdieos df' 
ing a Jnrg(» eiroulation. gran circiilacion, 1(‘ hs* 
Ho reads it aloud, and on vo/ alt a, s<‘ a])rucba 
after a few corrections, despues dc alguna en- 
whioli make it, if yios- inii nda (pie lo empeore 
siblo, worse than before, algo si (‘s posibk*, y 
it is approved, and sent sc rciuitc a las rcdac- 
to th(’ (xlitors with the eiones eon cl scllo do 
trade-mark of tin; firm, la casa-. 

The broadsheet, or LI suelto, (> mas bi(‘n 
rather the .shoi t article, cl articulejo de r(‘fer- 
iii (|Uc.stion- - for it is ciicia, fiorcpie es casi 
almost an article — un articailo, salio con 
appearcxl with two dosnStulos. K1 primer 
headlines. The lirst dice : “ Ln la Academia 
says: “ In the Spanivsh Espanohi,'’ y el (pie 
Academy, ' and tin* one esta (iel»ajo : ‘‘ IVi'inios 
below, “ Howards of a la, virtnd.” cm- 
Virtuo. ’’ 7'lion i t b(*giiis; ])ie/.:i ; 

“ Y(‘storday the “ Ayer eelt‘bio la 

Spanish Academy held Academia Ksjianola 
a sohunn publi(; session s(\sioii soloimu' y 
in order to distributi* publiiai ])ara repart ir 
the prizes awarded l)y los pn'mios de la 
the St. (iaspar Fund, Fundaeiiai denominada 
which is governt‘d by dt; San (laspar, quo 
that learned body.” osta rogida, por aquolla 
i tlo(qa coryioracion.'’ 

Here we hove the Aqui e.sta el scllo 

trade mark of the firm, de la c^sa, de que 
which I mentioned a habl6 hace poco. Por 


little while" ago. For quo nadie ya 

now no one alludes to aocto corp^acion & la 
the Academy as a Academia, mas que la 
“ learned body,” ex- Academia misma 6 
cept the Acaifemy it- algun aspirante. 
self, or some aspirant. 

Tliorcforo, the an- De modo que no 
thontioity of the doeu- oabo duda de la aulen- 
meiit is beyond dispute, ticidad del escrito, 

Antonio de Val- Antonio de Valbuena 
l)U(‘na (1S44), a loading (1844), uno do loa 
journalist, well linown primcros poriodistas 
for lit(‘rary and politi- bi(‘n eonoeido por sus 
eal satires, 'riio above satiras lit(^rarias y 
(‘xtract i.s a gO(xJ (‘x- politieas. El oxtvacto 
ample of light journal- que mas arriba citamos 
i>(ic Spanish. os un biiiui oj(;mplo del 

cstilo ligoro do los 
peri 6(1 ieos Espanolcs 

Kkv to Exercise XI T (1) 

1. Coinpro la earne, los Imovos y la loeho 
(‘II la baci(‘n(la; ol horti'lano (‘s imiy honrado. 

Lo- 4 eom])rar(‘ tambii'n aln, tambien eom- 
pranuuos polios, mi liija y yi'). 

.*>. CouK U \'(1» muchas av(‘s ? 

4. Si, nos gusjian mucho. 

o. ^'o c('>mo muclia ave, homos comprado 
p(‘r(lic(‘s y faisaiies. 

(). |)(‘sco d(‘mostrar a Vd oste probloma. 

7. I’^l jucz ha, falln,(lo (*1 pl(*ito. 

8. l.,a, fama de Shak(‘sp(‘av(; ha llogado hasta 
el lin d(‘l muiulo. 

tb Esa muj(‘r amiga d(; VVl cs capaz de embroll- 
ar a la familia unis unida. 

10. El oarrun jo, yendo ])or ('1 caruino real, volco 
y el coehero y Jos caliallos fuoron lastimados. 

11. ( \)n ])risa llevaron al prisionero jlJacarc(d. 

LJ. Quizii vcmga a venue el medico, mi hijo 

so (|U<‘ja do dolor de cabi'za. 

L>. .\l»ra Vd sii .sombialla. (jiie ol sol qu(‘ma. 

14. Cuando ('seiivaron en la barranca eueoii- 
traron iiiia lu'nnosa cstatua. 

16. faro del puerto do badiz .so v6 dc 
inuy Egos. 

lb. ^lo ban robado mi dinero del bolvsillo. 

17. Cuando fue esto ? 

IH. Cuando fui a oomprar la Biblia pai’a los 
ninos. 

11). De.seo fi Vd un feiiz auo nucvo. 

Key T(j Exercise XII (2) 

L TJie orpliaiis loved (heir father. 

2. 'Pho studiaits lov(^ tlmir dog. 

6. I sliall Jove my children. 

4. Do not fail to love tliino enemy ; thus 
the gosp(‘l eommands. 

5. Dine with us. 

(). We shall dine with you witli much pleasure, 

7. .A bliml man does not require to see to eat. 

8. It is better to laugh than cry, 

?). He won his suit, and gave a big dinner. 

10. Deaf mutes can apeak with their fingers. 

II. The actor declaimed v€>ry well. 

12. Canaries sing, and dogs bark. 

13. When we go to the orchard wo eat 
fruit. 
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pCHiNODERMS, or hedgeliog-sk in animals 
^ [see Plate facing), dilTcr from all the forms 
so far considered in the nature of their symmet ry. 
Instead of being two-sided, with a w'ell-mark<‘d 
distincjtion between right and left' and front 
and back (bilaUmil symmetry), they resemble 
a star or legular flower in shape, as in 650. 
The skin is hardened by the deposition of salts 
of lime, and the body is often (•over(‘d with spiiu's, 
as more particularly in sea-urcliins j544]. 

Five existing subdivisions are recognised: 
(1) Hea-lilies and featlier -stars {('rinouha) ; (‘i) 
starfishes {Aateroidm) ; (15) brittle stars {Ophin- 
roideci) ; (4) sea-urchins {Echinaidai) ; and (5) 
sea-cucumbers {IJoUtthnroidca). All are inariTU'. 

Sea-lilies. Sea-lilies an*. deep-s«‘a animals, 
oner numerous and flourishing, but now eoni- 
paratively rare, and only to be obtained by 
dredging in tin; de(?per parts of the oec'aii. bh(‘y 
are fixed by e- long jointed stalk bearing circlets 
of sensitivi* thnuuls and terminating in a eup, in 
the centre of which the mouth is situated (547J. 
Kadiating from the <dges of the cup are liv<5 
branching, fealh(‘r-like arms, all of which an‘ 
grooved above, tlic! grooves uniting, and tinally 
( on verging to the mouth, TlH‘y arc lu'set with 
cilia, and niiiiute organisms are coiulii<‘t<d in- 
wards along thorn to s(‘rv(i as food. Owing to 
their aedtmtary mode of life, th<“ one<*/ abun- 
dant sea-lilies are now on tlie way to extiuetion. 

“LIVINtJ KLOWKlrS or THI-: SKA” 

\Si'e. Plate oitposite] 


A. Aii»ti>siu Coiu'liii TJh* truin]>U-t aiwiiioiu* 

Al. Kcliimis niiliiiriK 

li. Sa^artla \i(iuata Siiiikr-l<)< ki*<l iiiiciiiorn’ 
lU. Su>i;artia chr^soisplfninin (Jold-spani; lt*»l ancinoiie 
OphitM.'oina roHula JU-U Me starfish 
1>. A<’tinoloha cliuiithiiK— I’luino.sr* niit iuom* 

K. Sajiartia iniiiiuta- Sciirh*t--trin^« <l aiictiioiir 
P. .liuiio»ti’S r'oroiiata Diadem pimplet am-imtne 
O. Aetiniu m^:HenlhrJ^'ant/ht•Ill\ln^ - Ueadlel, anoinone 
01 A 02. Otyher variefu .s of (1 
Ji. Aiithca oereus -The opclet aiienione 

J. (.knnalula roHai*ta i*iiik (ealher-star on tuhe of safM lIa 

K. S.vuapfa dijfitaUi A soa-cucuinber 

L. Corynactis viridi.s TJ'.o uloladiin’ii anemone 

M. BuiKHleu thallia — (ilinieottH pnnph-f. arfeiiionc 

N. Tealia era«sioomis - Dahlia wartlet Hiienioiie 

O. l.^)phoheIia prolifera TufL coral 

P. Sa^arf la parasitica Parasilic aneniotjc <*n u In lk sludl 

(‘Oiitaitdn^ IxTiiill crah 

Q. Exiplectella aKpcr}>illuiu -Venus's Klo\\« r-hasket -A 

jflass spoil !jre 

It Stonipfiia Ohnrcliiiiv Oniielet aiienronc 

S. Serpula eoritortuplU ata -Colony of a Lube forming 

Annelhl 

T. Peaehia hnstat a - Arrow nin/./let. Body in sand 

Tl. ,, ,, ,, Bod.v cxixiyed 

U. (.'ticnntaria H.\ ndmanni -Seu-eneumher 
Asterias rntiens— I'ivr*.fiii}»:er starllsl) 

W. Oaryophvllia Sndthii -Devonshire eup-iamU 

W1.A W2. „ M „ „ closed 

X. Balaiiophyllia re}fia-'-S<*arlet and {fold star-<-oral 

XI. ,, „ „ ,, M olosed 

Y. Sipiinculns Bernfiardus, u slphon-woriu in alieU of 

turritella, on whit;h is colour of haluni 

Z. Tlialasseina Neptuni - a siphon-worm 
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Feather-stars. The elosel 3 ’^ r(‘lal(‘d feather- 
stars [648], how(5ver, flourish exceedingly, for 
they liave given up the stalk, and are abl<‘ to 
swim about actively l)y bending and straighten- 
ing their long arms. 'Flu'y can also hokl fast to 
seaweed, or evtm climb by means of a whorl of 
jointed threads attat'hed to the under side of 
the eup, and representing one of the numerous 
circ-lcts to he found on the stalk of a sea -lily. 

The life-history of the individual often atlords 
a clue to th(^ geological history of its group. The 
fe;i.th(ir-star is a ]>articularly good examjfle of 
this, for in (^arly life it is a stalked larva 1538), 
closely resembling a minute s<‘a-lily. After a 
time the* stalk is cast olY, and a fixi^d life ex- 
changtKl for an active one. The l)est-known 
species {(hnnatula rasarm) is bright red in colour, 
and very conspicuous — anotlier example of that 
“warning coloration" which denotes inedibility. 

Starfishes. Starfishes are among the most 
familiar obj«‘(tts of tin* srashorc. and the com- 
mone.st kinds, such as the tiv(*-tinger (^4.v/rria.s 
ndKti,<t) and the comb-star {Antropt'cten auraMi- 
ura.s [550|, ])oss<'ss five radiating arms. 'riiti 
mouth is in tlie centre of the under sid<‘, and leads 
into a eai)acH)ns stomach 1540], of which the 
first part can protrudtKl from the body to 
surround such pr(*y as muss(4s and oysters. 

A starfish crawls slowly by means of numerous 
tahe-lfvl^ which arc lodged in liv(‘ grooves radbit- 
ing from the mouth 1550J, aud make up a part 
of the UHitvr rasrular .sv/A'/tm, so called Ix'causc^ it 
is full of sea- water. Sotnt^ of the details will he 
understood b^^ I'efiTenco to 540. On tlu^ u|>pej* 
side of the central disc, in the inter val between 
two of the arms, is a furrowi'd madrvjMuic plate, 
perforated lilo^ tlu* lo]) of a pepjxT castor. S(;a- 
wat(T continually Hows through it into a calcified 
stone canal which opens hclow' into a ring canal 
running round the gullet. From this a radial canal 
runs along each arm-groove, atid bears a double 
series of tube-feet (only one si t is shown in 540). 

There is a little swelling {ampulla) ni the base 
of eaeh tube-foot, and !)y its eimtfaetion water is 
forced into the foot, wliich is thus (‘xteiided. In 
the common five-fifiger and many othms the tube- 
feet end in adhesive suckius, which rnateiially 
aid crawling over rock and w('ed. But in tlu^ 
comb-star [540] the feet are pointed, and adapted 
for progression on sand. At the end of eaeh arm 
is an unpaired tube-foot acting as a fei'ler, while 
on its under siih^ theri^ is an orange-red eye -spot. 

Remarkable Powers of the Starfish. 

The watei' vascular hystem also assists in breathing. 
Jt wa.s probably first involved in the interests of 
respiration, and this is its chief use in the sea-lily. 
Some of the. spines are formed of little tw^o-hladed 
pincers, which clean the surfjicc of the body. 
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A starfish hatches from the egg as a two-sided 
hijnnnaria larva, the body of which is drawn 
into soft arms [639J covered with cilia. Aftor a 
time two rounded thickenings appear in its 
skin, one on each side. These are the b(*ginnings 
of the adult body, which appropriates the 
stomach and some other of 
the larval organs, while the 
r(5St of these, including the 
soft arpis, are al)sorbeci. 

Starfishes arc remarkable 
for their powers of restoring 
lost parts. A detached arm 
ean grow a fresh disc and 
another four arms. 

Brittle Stars. Th<* 
arms of an ordinary starfish 
are merely eontiiiuaf ions of 
th<‘ central disc;, and glandular 
prolongations of the stoiuaeh 
ext(*nd into them. But this 
is not the ease in a brittle star oi’ 

15491, where the arms are s'rAii 

slender, extremely mobile 
appendages, which are readily 
deta<‘heil. They are the agents of loeoniot ion. oiu' 
hiung kept to tlie front, whiU* the otluMs ‘‘row ’ 
the* body rapidly along over sand or seaweed 
in a somewhat sfiasnualie fashion. Then* is no 
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a brittle .star. 
ov.'iries of si'a-ui’chins 
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crawling by means of tul)e-te(‘t a*^ 
starfish, and on <‘xauiin- 
ing the under side of the 
body the, tive- rayed 
moutli will lu* st'cn I549j, 
but' no groova‘s below tlie 
arms. Tlu‘sc, in fact, have 
hecii floon‘d-in by filates, 
at the sid(‘s of whieb 
project the tube-f(‘<*t, used 
in this ease only for 
breathing and as fei'lers. 

A brittle* star hatebe*s 
out as a plutens Inna 
1541], w ith stiff anus su])- 
pe)rte*el by e-aleareeuis reids. I’lie adult bexly 
arises in mueli the same way as in an ordinary 
starfish. 

The Sea»urchin. An ordinary «>r nynlnr 
sea urchin [5441 is spheroidal in .sfuipe, the ineuith 
lw*ing in the centre e>f the 
under side*. "J’he* ealea- 
reous plal<*s in the skin 
are v e r y regularly 

arranged in t wenty stu ics 
running from the iipjKU’ 
to the low'cr pole, and 
dispose'd in ton double 
sets, comparable to the* 

“ gores ” of a l>alloon. Five of the*se st*ts are 
perforated by minute holes through which the* 
tube-fe‘etprojee*t. 'I’lu^se are used for crawling 
and eli mbing. The 1 leidy is ee) vered with uumei*' 
oua spineiiB attaelu*ei by ball-and-sejcket joints. 
They cemstituto formidable defences, and in some 
tropical species (*an effect poisoned wounds. 
Many of the spines are niodifie*d into little^ 
pince^rs, as in 8tarlishe\s, but in this case there 
arc thre'tj inste^ad of tw e) jaws. 
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540. niAOKAM.MATU’ VKRTle'NL SR( TIOS 
THKe>re;n a .stakfisu 

a. Monili h. I'irst, and c ^«(.‘Coiul <tf stomjuh 

it (ilainlular Wruin li of stoinacli «*. Jntfstiiir /. Madn*- 
t)oric plan- /I Siirfjuv \ ifw of *iaino (fiilarjjj'd) f/. '-tour 
raiinl A. WivO r Nascular riny A. Radial ranal /. Tuln.- 
tVft 1)1. VfHW'loH of I idir P rt n. TrnljU’k* 
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A regular sea-urchin feeds upon seaweed and 
the small animals attached thereto, and to deal 
with these there is a complicated biting arrange- 
ment consisting of five pointed teeth 
grow' continuously like the front teeth of a 
rabbit), and numerous plates for the attachment 
of chewing miiscles. The whole arrangement 
when dissected out looks like an antique lantern, 
and is, in fact, known as 
“ Aristotle's lantern.” 

The irregular sea-urchins 
[546] are of more specialised 
nature, and markedly two- 
sided, as well as more or less 
flattened. The mouth has 
been shifted forwards t owards 
the front, and is d(*void of 
any cdiew ing apparat us, hero 
unnec(‘ssary, for the fuoil con- 
sists of the nutritious matter 
contained in sand, which is 
sw'allowt‘d in large quantities. 

iV sea-urehifi haielu's out 
as a pluteus larva [542], which 
dilTers in detail from tliat of 
'lie egg- producing organs or 
lire valiiecl as food by 
coast -dwelling ])eoples, 
Mic'li as Fiu‘gians, and aie the object of a not 
unimportant industry in the West Indies. 

Life on the Floor 
of the Sea. Sea- 
cu(‘umbeis are elongatt*d 
tough -skinned creatures 
1545] which crawl on the 
s(‘a-(loor or burrow^ in it.s 
deposits, and are much 
mori* muscular than otlu'r 
liedgehog - skinned 
animuls. The mouth, at 
one end of th(^ body, is 
surrounded by blunt 
tciita(*l(‘s which help to 
shovel food into it. Tlie 
.skill i.s hardened by lime to a less extent than in tin* 
groups so far considered, but contains seatt(*red 
jilates of characteristic form, resembling wheels, 
anchors, etc*., and making attractive rnieroseopie 
objects. I’lie tube-feet are generally airanged in 
five longitudinal bands, 
though they are some- 
times scattered over the 
surfaite of the body[546I, 
or, more rarely, they 
may lie entirely absent. 
Tn some fonns which 
eieep on the floor of 
t he deep sea there is 
a well-marked distinc- 
tion between upper and 
under sides, the latter 
being fiat, and remind- 
ing one of the mascular foot of a snail. 

A sea-cucumber begins life as an auricularia 
larva [543], which is of somewhat simpler charac- 
ter than the larva? of st/arfishes and sea-urchins. 
The dried bodies of sea -cucumbers, com- 
mercially known as trepang or hcche-de-ruer, are 
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largely used as food by tbo (‘liineso and some 
other Eastern peoples. One of the most im- 
portant tr(‘]:)ang fislu^ries is that of the (bt^at 
Barri(n* Reef, olT tlu? east coast of Australia. 

ZOOPHYTES 

•‘Simply a Stomach.” Zoo])hytes 7c/i- 
teraiii) [see Plate facing ])age 4081], of 
which sea-amunones, corals, and jt‘lly- 
fishes aiM^ familiar (‘xamples, are dis- 
tinguished by th(^ ray-like symmetry we 
have alnwly noti<'ed among startislu's 
and (heir kind, though here, as a rule, it is 
inor(^ perf<‘<!t. In sti uctiin' they arc much 
simpler than any of t he animals so far con- 
sidered. JA)r such a creature is to all 
inUmts and pur]>oses simply a si omach, the 
wallof\Nhich is made u]) of two layers of 
cells, -om^ {(rto(hnn) (‘xt<-rnal, and the 
other {emhfdf rm) interneJ. In higlu'i* 
animals a third hiyer {m(*<(Kl<:rm) is 
interposed. 

The ectod<*rm is studded with innu- 
merablp microscopic capsuU's {thrvmf- 
f'plU), from which poisoiu'd threads with 
barbed bases can be shot, out, s(Mving as 
formidabh*. w(‘a])ons of olT(‘nee and 
d<'icnce. Tbcs(* assist in proeurinj^ foo<l, 
which consist s of crust aceans, small lishes, 
and various other animals, for these 
creatiirt^s an* highly caiiiivorous. 

4’he name “ zoo[)hyt(^ ’ ((beck : Z(ton„ animal ; 
pln/lon,, jilant) was originally applied to sorm^ 
of tlietixed membeis of this group at a time when 
their animat character was a matter of doubt, 
Tw’^o chief sub-divisions are n'cogniscd : (1) Sca- 
flowers (AiU^ujzoa) ; and (2) Hydroids {Hf/dnfzita). 


Sea « flowers. \bsitors to the s<*ashore 
certainly will have noticed cohnuc'd i(‘lly-like 
blobs, acDiering to rocks, and opening out when 
plac<*d in watt'r, exhibiting a ccntrii.l mouth 
suiTOund(‘(l hy cirehds of tentat*k‘S. 'riiese are 
the sea-an(‘mones h(‘t‘ Pla(<^ fa«-ing ])age 4(181], 
w'hi(‘h well deserve their naim‘, for they are 
v(‘ry llowcr-like in ap])ea.r:i.ue(*. M(‘n- 
tion has been made on page !1808 of tlui 
way in which soim* of them an^ 
associated with crabs and lua init crabs. 
The mouth of a st'a-aiUMUone leads into 
a. short gullet, that ha.ngs down int(» tlu^ 
cavil y t)f the body, w it h I ht* wall (>f w hich 
it is connect<‘d by radiating tleshy pa.r' 
t itions ( tn('.s( tdrrit .s) Pad ween lliest* are 

numerous smalUa* sti’ucl ur(‘s of The same 
kind as projetd from the body- wall only 
part of the; way to the gulhd. 

One of th(‘ largest of our native* ane- 
mones {Tail id) has sticky knobs on its 
body to whicli small stomps a.dh('re to 
forma, prott (dive <‘overing. When th(5 
animal is shut up or r(dia,ctt‘d it is very 
inconspicuous, looking like a small heap 
of lim* gravt‘l. It may ht* noterl in pas- 
sing tliat the bright colours which 
<list ingiiisli am‘mones a.nd tli(‘ir hind are 
probably of “'wai’iiing' nature*, such as 
(‘tdi.se unpl(*asant ))ro])eiti(*s. in this 
case tin* ability to sting. Anemom‘K, 
and llie sanu* is true for otlu'r /.oo])hyles, pro- 
j)agat<‘ not mc'i-ely by <'ggs, hut also hy budding 
{(f4 mmaf i(>n) and splitting {fission), <'specially th(5 
latter, which may often h(^ s(*en in proc^‘^.s in a 
marine atpiariiim. In a.nt'imuies, howe\a*r, the 
protlmds ilo not n*main united to forma, colony. 
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Corals. Corals are clofjely related to sea 
anemon(js» but differ from thorn by secreting a 
hard limy skeleton in the , 
base of the lK>dy. Tlicy are 
either simple or compound 
(colonial). The wcll-kno^^^l 
jiiurthrooni <'oral may be 
taken as an example of the 
former. Ils skeleton is a 
shallow cup [552], exhibiting 
numerous radi.'iting plates 
(^sryj/u), corresponding to the 
intervals between the fleshy 
jneseiiteri(‘s of the polyfx'. 

If Ave look at the upper sur- 
face of such a coral in th(‘ 

Jiving stat(‘ |551], we shall 
see a mouth surrouiKh‘d by 
circlets of t<‘Utaeles, mucli 
as in a sea JineiiuuK*. 

A rofoniol coral consists 
of a number of individuals. 55^ MUshuoom 
relatively small in size, eon- 

neeted iog<‘tlier by a coiuiuon flesh (rfruosarr), 
and form<‘d by tlie biuhling or splitting of a 
single original polype, tin* results 
of t]i(‘ process jemaining united. 

]*art of such a coral (S/dcrasfHni) 
is liere figured (555], sluuNing j 


coral T66f]t where the boundanod between the 
individuals are not clearly marked. 

Coral Reefs. CoraU 
arc marine creatures widely 
distributed, Bome living even 
in cold latitudes, and others 
on the floor of tlie deep 
sea. Coral reefs, however, 
made up of the skeletons of 
such animals, are only foimd 
in the warmer parts of the 
f)eean, where the water is 
clear, particularly favourable 
conditions being afforded by 
the Pacific and Indian 
Oceans. Threi; varieti(*s of 
coral rei‘f may be distin- 
guished: (1) Fringing Hoofs, 
situat(‘d close to the land and 
separated from it l)y shallow 
water ; (2) harrier reefs, 

CORAL (soft TxVin’s) furlliei- from tlu^ land and 
se])arated from it by dci^per 
water (when round an island they are burned 
f Hf'irrh'ny n <!''<) : (15) atolls, rings of coral with 
a (“(‘utial lagoim inudi shailoncr 
lliau lire surrounding wattT. 

Mueli discussion has taken 
pla'-e icga rding t he origin of coral 
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four ])oly|K*s and the calcareous cups from 
which several otliers liava^ been scraped away. 

Develop me n t o f 
Coral. Another figure is | 
given [556] in illustration of 
the life-history of the last- 
named eor*al. An elongated 
ciliated larva liatehe.s from 
tJio egg, and after swimm- 
ing about for some time 
fixes itself to some firm 
object, and develops the 
tentacles and inestuiteries 
eharaeteristie of the adult. 

It will he. noticed that the 
tentaeh's are at first clearly 
arrangtui in sixes, and the 
same thing is true of the 
mesemterit's. the jxisition of 

which is indicated by lines. ecc part of 

Many cor als branch [553], 
wliile others form com[)act masses, as in the 
kind above deserilrcd, and also in the brain 
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reefs. Tt is know n tliat tin* polypes can only Jive 
and flourish in coinparativr'ly shallow water, yet 
bavrier reefs and atolls make 
up walls of coral which 
dr'secuid for hundreds, or’ 
even thousands, of feet into 
the tlepths. How is this to 
bo ae(‘ount4'd for ? Darwin 
supplied the most plausible 
explanation, which certainly 
a})plie.s to a great number 
of eases. It may I>est bo 
illustrated by taking the 
case of an island. 

A SKeleton Island. 
Th(‘re i.s no difficulty in 
understanding how a fring- 
ing reef can be formed 
round the shores of an 

LONIAL fOBAI. ‘n. 

that It IS slowly sinking. 
Such slow downward movements are known to 
have taken and to he taking place in various parts 
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of the world. As depn'ssion pocs on, tlu* c'orals number of ines('ntcries. All of tlicin anM’oloniiil. 
will continuo building on tin* dead skeletons of One of the eominonest t xainpjes is alTord(‘d by 

their predecessors, and after a time will form lolxnl tleshy mass(‘s often east up on our shores, 

an encircling nx‘f, with the remains of the island and known by tlui rather depressing luinu^ of 

in the centre. When this is finally submerged, deail men’s lingers {Alrytmitnn). When ex- 

tho atoll stage is reached. pand(‘d, these, are very attraetiv<5 in appeai juiee 

Dead Men’s Fingers. We now' come to [567], the individual yiolypes yuojc'cting like 
sea-flowers of another kind, in whieli (here are little flowers from th(^ fli shy common body. In 

eight feathery tentacles, and a corresponding this ease the skeleton consists of scattered 
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spbules of lime. In some of the reloied forms* 
however, it is of more compact character. 

In the red or precious coral {CoraUium rvbntin)^ 
for instance, the branching colony is supported 
by a firm limy skeleton of pink colour. This is 
covered by the common flesh, from which ilic 
polypes can be protruded much as in alcyonium. 
iSomewhat similar in general (?haracU‘r i.s the fan- 
coral (Gnrfjonia), of which the curious homy 
skeleton [563] is often brought home by 
sailors. Mmrh more beautiful is the organ- 
pipt? coral {Tnhijxtra musica)^ 
where each member of tlu‘ /* 

•‘olony lives in an elegant red . 
tul)e [564]. The tubes are y ^ % M f 

connectc'd by thin platforms .i) i 

at regular inlorvats, and from i'lS'ljJf \ 

these new polypes grow up, \ ] f [ J 

so that ilu^ colony grafliiiilly :< \j ''' | 

increases in size from the base i'l 

upwards. tf\ I'l 

Growth on Seaweeds. [I \ 

Crowing up(m seaweeds, and j 

often east iip by storms on th<‘ 

shore, will lu* seen branching " 

striietures, fre(piently mislakc-n 557 

for plants, and teehnicallj^ frkshwa i'kk 

known as ftt/droid of i»oLi'i’i*: ", 

which an example (magnihet!) itu.U /•. 

is figured in 558. 1'he branches x 

of the apfiiirent plant, are h(»rny 

lu!)<\s, enclosing the common flesh 

of tlu^ colony, and in this case they v.uf y I 

end in little enp.s which shelter the 

individual poly ties. Kach of tlu'se 

resembles a sim|)lili(‘d sea-aiHun- 

one in structure. It has f(‘vv(‘r 

tentaeles, and is devoid of a gullet r, 

and mesenteries. The life-liistory 

of the form known as CamjHinn- 

Inria [558]) is of special inb'rcst. nvnrioii) 

Umbrella « like Jelly- 
fishes. Attached to the base of tin(; tkaxs- 
the colony are elt‘gant urn-shaped vp:r.ski.a' 
receptacles, in which buds of 
sj)ecial character are yirodiiced, destined to lie 
liberated as free-swimming jelly-flslics (J/r- 
dtiH(p), refireseiUing tin* 
egg-bearing .stag<‘. Free- 
sw immiiig larva* develot> ,/ 
from tin* eggs, wlTufli / -,v:> \ 

after a time settle down *' 

and give rise to flxed 5 - ^ 
branching <‘oloni<*s. Such 
a life-hisUiry is an <*xam- / T “ / » 

pie of ‘‘ alternation of v 1 / 
generations,'’ as pre- | ^ 

viously deserilu'd for ^ 7 5 

many plants and some of 561 

the parasitic worms. (V s 9 ^ 

That is to say, it includes 560. jklly-fi.sh ^{2 
an egg- producing stage, 

and a stage' which ]>ropagates by Imdding or 
splitting. In Uie last form deseril3ed, the me- 
dusa) arc prodiK'cd by budding, but in some other 
cases they aris<* by a process \>f splitting. This is 
illustrated by 559, which shows a fixed polype 
dividing transversely into a number of little 
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IS* jelly-flidtes. A yetly-fish* or medutsA* may be 

S red to a fleshy umbrella with a thtekened 
* at the end of which the mouth is 
ed situated [560]. Swimming is effected by the 
is opening and ^utiiiig of the umbrella, 
he Pond » dwelling Polypes. There are 
tn. some hydroid zoophytes in which the modnssc 
n- are never set free, and still others in which 

ly the egg-producing buds are more or less unlike 

^ medusa* in form. An extreme 

ease is afforded by the fresh - 
water |X)lype (Hydra)^ on© of 
,, y tlic common inhabitants of 

T l>t>nds |557], and a simple, not 

1'^' i colonial, organism. During 

\\jfj ?' ||^ the summer this animal pro- 

§ f, fiagates by buds, which arc 

s Q : I ’ ? ? detaeh<*fl wlion mature ; but 

I n ' ’ ' ' on the approach of autumn one 

iv or two small rounded promi- 

1 ; . . S ^ nene<*s ajipear on the basal 

k jSf* ^ Hv lx>dy, and in each 

formed. 

7^1 - ^ This siiiTounds ifsc^lf with a 

- horny coat, falls down into 

tin* mnd of the pimd, and re- 
58. jiydroii> zoochytk mains in a dormant state 
n. p.vn*mi«*»( iki!>|«* diiririg the winter, when most 

b. K<*(r;u*t<Mj jio|\pi* f .1 J -1 

/•. i iM iy..Ft*iiy-ti^ii 01 the adults iiensli. 

Most of the larger jelly- 
fish(‘s {560], such as may be seen swimming 
'Z in shoals during the summer, or stranded on 

' ( oiir slior(*s, have* no fixed stage in the life- 

»7 history, tlieii- eggs dev»*lo|)ing at once into 

,7 iK'u jelly-fishes. Th(‘n* are also many colonial 

ij jelly li.shfs in i*xistt‘ncc. differing ends lieing 

' serv(‘d by diflVrcuit members of the colony. 

In the example ligunxl (561| the top individual 
is a float, beneath wliieh is a .s(‘rics of swimming- 
bells. and below tlu*se again an* feeding and egg- 
lii’odiieing individuals, some of w hich aiv provide 
w'itli long fishing lim's. Tin* Portuguese Man- 
of-war {J*fif/salut). oft(‘n mentioned in accounts 
of voyages, is a eom- 

r — pound jelly-fish, pro- 
\ videdwilh a particularly 

~7 large float. 

k relatives 

^ / # T Ai l hydroid zoophytes 

L secrete a calcareous 

^ * sk(*l<*lon, and rank as 

corals. A common form 
^ A Millepora [565]. 

SPONGES 

0 .SptHigea (Porifera) are 

jf't A animals of peculiar struc-' 

C / tu re, which resemble ZOO- 

561. f’OMPoiTND JEDDY-Fisii phytoH in many respects., 

n. Float fr. svkiiiiDiiiiji r. ivnil i)ut possess neither ten- 




LI. JKLLY-FI.SH 


d. Ffitliuir individuals p. 1 ..rdo^ ntw tbrutt/I-oelU 

prodiK-iUK Finds /. Fishin^^-lint* tlircaci CCUh. 

Some are simple, but 
most of tliem ait* colonial. A simple sponge 
may be couijiarcd to a cup or vase with a wall 
jK)rforated by numerous small holes, through 
which (uirrents of soa-w^ater stream into 
central cavity, to make their exit by the main 
opening. They are set up by ciliary action. The 



NATMRAL HISTORY 


homy skeleton of a simple 
cup sponge is represented 
in 562. The ordinary baih- 
s|x>nge is the similar 
skeleton of a colonial form. 

Veiius*s Flower- 
Basket. In the majority 
of cases the sk(*leton of 
a sponge is mostly or 
entirely made up of sharp 
needles of lime or flint, 
which may bo welded 
together into a dcHnite 
form. A very beautiful 
deep-sea siliceous sponge of 
tluskind is Venus’s Flow(‘r- 
basket {En plaid fa), tlu^ 
ligurci of which [566 1 
shows very eh'arly (he 
small holes into wliieh tln^ 
eurrents of water stream. 
In this cas(^ the opening 
of the vas(^ is provided 
with a convt^x ])erforated 
covering. Another oh^gant 
form is the (Jlass-rope 
Sponge {Ut/alonfma), mi- 
tivo to the Japanese, seas 
[568]. It is rooted in tlie 
mud by a bundh' of long 
glassy s])ieules, which arc* 
slightly twisted. 

]\Iost sponges arc marine, 
and, dc^spitc^ their tixc'd 
habit and ap])arent lielp- 
IcHsness, arc ])retty frc't^ 
from the. attacks of most 
otluir creatures partly 
because of tlie inniinierabh^ 
sharpspiculesth(‘y (iontain, 
and partly because* th(*ir 
taste Jind snu*ll are un- 
pl(.*asant. Tlu’se d(‘terrcnl 
qualit.it*s are oft(*n associ- 
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a.t(*d with bright warning 
colours, generally rod, 
y(*llovv, or orang(‘. ^I’he ri*- 
iations of st)me crabs to 
sponges ha,s been m(*ntione<.l 
on ]>;>gc ‘ISOS. 

A f(‘w s])ong(*s of gn*f*nish 
colour live in caTials or 
slowly-moving strea-ms, at- 
tached lt> vaiious firm ol)- 
j(*cfs. Lik(* so many fresh - 
wafi*r organisms, they hav(5 
a speciaJ d(‘viee for tiding 
over tlu* wintt'r, which is 
very <l(‘structive to the 
a-dults. 'ttnNards autumn 
thi'Y dcvcl«>p littl(* internal 
buds {(jernmufes), (*nelosed 
in (*ases made of peculiar 
spi(“ulcs, shaped something 
lik<^ two littk* stars united 
by a ro<l. ’riu*s(‘ buds 
remain snugly in tlie mud 
till th(^ winter is over, 
and tht*n spiout inl(^ adult 
spong<‘s. 

ANIMALCULES 



In the botanical part of this 
couisi^ we fouml that tlu^ 
low(‘st. plants a?’(* mostly of a 
microsc(»pic* size, .'ind tniirrllular - 
i.f'., (‘onsisting of a singh* c(*ll 
or structural unit, essentially 
a fragment of living nia.tt(*r 
( j>rotoplasm), part of which is 
specialised into a nucl<‘us. Tin* 
latti’r appears to regulate tlie 
vital activities. 

Amceba. Tlu^ lowest ani- 
mals arc also uni<*(‘llulai‘, and the 
popular term “animalcuU^” — 
/.r., a little animal — has referenct^ 
to their diminutivir size. ( )n<i of 
tlu^ simph'st. know'll eases is 
afforded by th(i Proteus Animal- 
cule {AtH(f ba), a mere dro])let of 
semifluid substanei^ without any 
<lermit.e form [569], or more cor- 
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the kind are common enough in both salt and 
fresh water, and may be found crawling over mud 
or wood. Tlie crawling is l>cttcr described as a flow- 
ing along, the substance of the body protruding 
in finger-like lobes, known as 'pseudoixdfi {false 
feet). The nucleus can easily be seen ais a 
rounded particle, and there is also a clear space, 
of which tlu^ size alternalely increase's and 
diminishes, on which aceoiiiit it is called the 

pulsating vat'uole." It communicates with 
the exterior, and probably has to do with 
breathing and the getting rid of wast«* products 
in general. 

Creatures that Never Die. Amo ba 

feeds by flowing round various objects— mostly 
mi nut (3 plants — and digesting them in its interior. 
The undigested or indig(‘stiblc n'rnnants 
are cast out at any point, or. in other 
words, the animal flows away from 
tii<‘in. JVopagaliou lakes pl.-K-e by" a 
^nocess of splitting intf) halves, the 
nucleus taking the* lead. Paicb half is 
a new individual, A\hicb later will 
divide iri its turn. It is possible that / ;J 

death as such, (\\e(‘]>tiug the ease of 
accident, does not take place in some 
creatures of this kind, himee the well- 
known (‘x])ression “immortality (d the 
Protozoa. 






eil'cunist ane<v 





{ hider unfavtmrab! 
the Am<ehaassum(‘s 
a rounded form, and 
s(‘eietesa iiriu nu'tu- 
braiu*, or r//d, 
around its body. 

Within this it re- 
mains dormant till 
b(?tter tinu's i<*tnrn, 
when tli(! cyst is 
rupt lin'd, and it 
crawls out again. 

Some of the imim*- 
diate relatives of 
Anuuba liva* within 
a kind of shell, aiul 
this h*ads on to the 
animalcules known 
as Foi’amiriifera, in 
w'bieh an (‘legant 
calcareous slii'll is 
present 1574]. Tbe.se 
ereatures float in 
vast numbers in the surfaee layers of the sea, 
and their jiseiidopods are sh*nd<T radiating threads 
w'liieh fuse togetiu'r in places. The shells of 
many are [X'rforated by innumerable minute 
pores, lu'iK.e the name of the group (l..atin : 
foramina, little holes). 

A Rain of Shells in the Sea. The 

mo.st interesting feature in connection Avith the 
Foraminifera is the })art they have playc'd in build- 
ing up many" of the limestones which hell) to 
eom{M)se tiu* hard framework of the globe. We 
know that at tin* pre.sent tiim* a fine rain, so to 
speak, of their .shells is constantly" falling on the 
sea floor, and accumulating into limy" oozes. 
Examination under tlie microscope of chalk, which 
is a very pMrt> Jiriicstone, show's that it mainly 
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consists of such sholls, which accumulated in an 
ancient sea that stretched from what is now the 
Atlantic eastward through South Europe to Asia. 

Certain extinct members of the group were of 
comparatively large size and shaped like coins. 
These Nummulitos (Latin : nummus, a coin ; 
fireek : lithos, a stone), arc the main constituents 
c»f a limestone which plays an important part 
in the architecture of such important mountain 
ranges as the .\lj)s and Himalayas [573], [For 
details see (iEonoiiY.] 

Ray Animalcules (Radiularia). Ray 
animaleiik'S [675) are forms which rosi'inble the 
members of tlu' last grt)up in some respects, 
but an* more eompk'x in struc'ture, with shells 
eompt»sed of a lattice- work of flinty matter. 

M7ie.se sb(*lls rover larg(^ tracts of the 
^ flooi- of the dt3ep(T parts of the ocean 

(limy shells dissolve before getting so 
far), and make up “ Radiolariaii oozes.” 
VVliat is mentioned as Harbiuioes earth 
in eatalogiK*-; of miero.seopic slides is 
really" an ancient dejjosit of this kind, 
w hich has bet a u])heaved above sea-level. 

Flagellates. Fhigellates arc im- 
mensely numerous animaleules with a 
body" of definite shape covered by a mem- 
biane. Swimming is efTtx'ted by a 
.sh'iider thiM'ad or fUvjvlhim (Latin for 
wli ip-lash) of living .substance, which 
ex(‘eut(3S Avhip-liko 
^ mov<‘ments. M7io 

example figiirtd, 
Fugh'na [571], is 
common in ponds 
and ditches, where 
it oft(‘n makes uj) 
a green scum. A 
inr)uth is situates! 
at the bas(‘ of tlie 
flagellum, and at 
this end there is 
also a red eyms])ot. 
Some flagiMlates 
bear more than one 
flagellum, many are 
fixed, and the col- 
onial c;ondition i.H 
common. "The ex- 
ceedingly minute 
animalcuk?s w"hich 
swfirm in putrid 
and an3 vaguely kiiow"n as “ monads ” 
belong to this group. 

Among flagellatt's and the remaining Protozoa 
to he dealt with conjugation is a common 
ph(‘nomenon. MVo individuals meet together 
and eitlK*r fuse ptu’manently or exchange some 
portion of nuclear substance. In either case 
activity Is st imulatetl, one result being an increase 
in the rapidity of ])ropagation by splitting. 

Ciliates. (Mliates, like flagellates, are 
invested in a firm membrane, and therefore 
^)f definite form. Instead of flagella they 
jx»8sess cilia, short threads of living substance 
which are associated in large numbers, and 
alternately bend and straighten in a rhyth- 
mic fashion, bringing about locomotion in free 
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cpeciee or Betting up currents in the surrounding 
water in fixed ones. 

A free-HWimming ciliate is figured in 670 and 
in this ease it will be noticecl that there are 
two nuclei though only one pulsating vacuole. 
In fiome other ciliates the reverse is true. Near 
each nucleus is a small, round paranucleus. 
Upon the under side of the body there is a 
ciliated groove leading t(» the mouth. Tlv‘ 
undigested remnants of the food are east out 
from a point where the covering membrane is 
absent. 

To illustrate the fixed ciliates, some of which 
are colonial, we may take a Bell Animalcule 
[572]. This is fixed hy a stalk eoniaining a 
muscular thrt*ad. by tho short i‘ning of which 
the stalk can ho wound np into a spiral coil. 
Tho broad (md of the body is fringed by eilia 
that set up food- 
hearing currents. Tho 
nucleus is a long, curved 
band, hut the paranu- 
cleus is a round(*d 
pariielo. 

Parasites. Spore- 
producing animakailes 
are parasitic forms 
which reproduoo hy 
“si)ores,” llui body 
breaking up into a num- 
ber of miniib' tmrtions, 
surrounded by lirrn 
membranes, and easily 
difTused by currents of 
air or w^ater. ft is, i 
fore, no wonder that 
these little ert^atures are 
very w'iiU'ly distributed. 

It h«as been proved of 
late years that a number 
of malignant diseases 
are duo to spore-pro- 
d u c i n g aniimileules, 
which attack the red 
corpuscles of the blood 
and cause their dis- 
integration. Examples 
are malarial ar 
fev<5rs, the “ 
ness’’ of hursc^s in South Africa, and the fc.tal 

sleeping sickness 
of Ugamla ami 
other parts of 
trojiieal Afrie;»,. 
'I’ h e parasites 
W'liieh produce' 
these disea.'.es 
have a compli- 
cated life-history, 
a r 1 1 y s p e n t 
w it bin a w arm- 
l)looded back- 
boned animal, 
and partly in 
some lower form, 
generally a fly 
or mosquito. 

Natural Ilislonj concluded ; 


Supposing, for 
example, a mos- 
quito infested 
w'ith the aniinn.1- 
eule of yellow' 
fev'er bites a 
human Ixung, a 
certain stage in 
the development 
of the parasite is 
tlieiehy intro- 
<lneed into the 
liloixf. and is able 
to pass into 
another stage, by 
W'hieb the fever 
is.s<‘t 11 j». But tlu* 
mosquito, in its 


The Optimism of Nature. We, havo 
now^ ae(piaintid ourselves with soimr of the chief 
faet.s of Natural History, and ajiyom* inclined to 
<louht its value will do well to ponder over tho 
words of Huxley, that if this bi^ omitted from 
education, “yon launch tlie student into tho 
world undiscipliiK d in t hat science whoso 
subject-matter would ht'st develop his powers 
of observation ; ignorant of fjicts of the dei'pest 
importam e for his own and others' welfare' ; blind 
to the richest sources of beauty in (iod’s crea- 
tion; and unpiovid< d with that belief in a 
living law, and an ord(‘r manifesting itself in 
and through ('mtless change' and varu'ty, w hich 
might serve to elu'ck and inodin-ato that phase 
of d(‘spair through which, if he take an e.arnest 
interest in social problems, he will assurc'diy 
sooner or later pass.” 

foUoWed by APPLIED BOTANY 
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Photo hy Prof. n. Dell Hoy) 

turn, when it attacks j;i 
diseased human being, 
also contracts its o\m 
ffiiase of tho disease. 

Yellow Fever. 
When the cause of a 
dist'a.s(^ is know n we an* 
a long way on tow'ai'ds 
finding a. cure, or, still 
b(‘tt(‘r, some preventive' 
measures, that in tho 
case of yellow fevi^r and 
tlu> like obviously (‘on- 
sist in i*xt('rminating 
tlu^ mosquito W’hi(‘h 
iincoiiseiously dissemi- 
nat('sth(' malady. .\ml 
probably the' lirno re 
not. very far distant 
w'lu'ii many trf)j)ieal 
co’.iqilaints due' to mi- 
croscopic parasite's, and 
fatal to 


tly sick- 
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Europeans, will Im? 
largely chex'ke'd if ne>t 
e'utircly stanifioel out. 
rnde'c'd, a beginning 
lias alreaely Ix'e n madei 
in this flirectiem. 
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The X«enard Rays* We cannot here 
enter at great length into the various properties 
of the cathode rays. Nevertheless, certain facts 
concerning them must bo noted. It was showii 
by Hertz that aU solids are not entirely opaque , 
to them, and by Professor Ix^nard that, under 
certain conditions, the cathodes rays can actually 
bo made to pass from the inside of a dischargtr 
tube to the air outside. Catliodo rays afUT 
transmission through solids are now known as 
Lenard rays. They are really oiu^ and the same 
with the cathode rays. Says Professor "I'honi- 
8on : “The propc'dics of the rays outside tlic 
tube resemble in all respects those of cathode 
rays ; they are dcHected by a magnet and by 
an electrie field, they ionise tin? gas throiigli 
which tlicy pass, and make it a conductor of 
electricity, and they aftcct a ])hotogra))hic plat(^ 
and change the colour of the halide salts of tht; 
alkaline metals. As, ho\v(‘ver, it is cf>nvcnicnt 
to distinguish between cathorle rays outside and 
inside the tube, we shall call the former Ivcnard 
iws.” 

Jt is interesting to note that Sir William 
(Jrookes gave a correct ex])lanali()n of th(‘ cathoch' 
rays froiri the first. He said that they weri^ 
“streams of n(‘gativ(‘!y - cicc'trificd particles 
projected normally from 1h<‘ cathode with groat 
velocity.” Outside this country his explana- 
tion w^as not accepted, but we now know that 
ho was right. In trutli, the work done by oh- 
s<.;rvers in this country in tliis new tick! of pliysics 
is incomparably mote itn|Mufant than all tlu‘ 
work whieh has been dom* <‘lsewhcr<‘. Wluai 
we have concluded this subject, \sc shall have 
quoted from (.’rookes, '^Phonison, Whet ham, 
Soddy, and Strutt. Tt is in (hrinany and 
America that science is a])prcciat<‘d, Imt the land 
of Newton and JIarv'ey and I)arv>in is still 
pre-eminent in its creation. 

Rontgen’s Remarkable Discovery. 
Professor Ih'intgen was enabled to observe', the 
invisible rays that go by his nani<\ in virtiu' of 
the. fact that he happciu'd to he k<‘cping sonu* 
photographic ])latcs, well <-»)Vcred, in the n<*igh- 
l)ourhood of a very highly exhausted vacuum 
tulx*. Ho then fouiul that thc.se plates looked as if 
they had been exposed to light. Tliis was w<‘II 
worth looking into. He found that if h<‘ used 
a screen covered with sonic phosphorescent 
substance, it began to glow brilliantly under 
the. influence of scmicthiwj that emerged from 
the tube. Further, he found that certain sub- 
stances obstructed this something whil<i others 
did not. “ Ho found that if a thick piece of 
metal wore jilacod l)otwci*n tlu* bulb and the 
fihosphoroscent screen a sliarp shadow of 1h<‘ 
metal Avas east upon the screen, but that otlua- 
substances, such as wood and tliiii ]}ieces of alu- 
minium, cast hut slight shadows, showing that 
the agent which produced the phosjjliorescence 
could tra verst? with considcrahlc freedom htidies 
which are opatjue to otxiiiiary light. Ho found 
that as a general rule the greater the density 
of the substanw the. greater its opacity to thia 
agent. Thus, 'while the effect produced by 
the phosphorescence could pass through the 
flesh, »t was stopped by the bones of the hand, so 


that if a hand were held between the discharge 
tube and the phosphorescent screen the outline 
of the bones was distinctly visible as a shadow 
east oTi the screen ; or if a [lurse containing coins 
W'cre placed lietwccn the tulw' and tlu^ screen 
the pi;rso itself threw hut littk* shadow, while the 
coins cast a dark one.” 

Characters of the X-=Rays. Profc*ssor 
Kdntgen was worthy of his good fortune, 
and made the most of it. He showed that 
th<* rays move in straight liiu's, and that 
on passing from on<‘ m<‘dium to aiioth<?r they 
umlcrgo no refraction. Unlike the cathcKlc rays, 
they arc imaff<*('tcd by a magnet. I’rofcssor 
'riiomson says that la? has “ scait the rays 
tliroiigh a inagfU’tic 11(1(1 of about 8,000 lines of 
force ]K*r square ccntimetn* for a distance of 
about a ccntimcti-c without producing any 
npprcciabk; defect.” Many altcnqits made to 
yH)lans(‘ tlu' rays failed ; and tlicsc facts S(‘cm('d 
to .sugg(‘st that the rays must dilVer fundamenrt- 
ally from thos(‘ of light. N(‘V<‘ithctcss, on cer- 
tain points tlu‘V r(‘scmbli‘ light, lake; light they 
arc pro}>agat(‘(l in straight lines, they fct'bly 
stimulate' the* re'tina, tluy alh'ct the photographii? 
plate, tlu'V arc not (U‘(I(‘ctcd by cl(‘ctri(‘ or 
magnetic intliicjici', and so on. On th(‘ other 
hand, the ahsciua* of any n'fraction docs not 
(‘.xclmh* th(‘ p(»ssjl)ility of their being really 
identical with light. Professor Thomson points 
out that, according to any tb(‘ory of rclraction — 
which \\c must coma'iva^ as dependent uf)on the 
ratio l)(‘tw(‘('n t lu' period ot \ ibrati(3n of tin* 
refracting body ami tlu' period of the vil>rati(.>ns 
of light “ there? would lx* no |•(‘fra.ction for 
light of v(‘?y small period, and this would also 
b(‘ triK' if, instead of rcgnlai* [)eriodic undula-* 
tions, w<‘ hav(! a pidsc of electromagnetic dis- 
turbaiu’c. provided thi‘ tinu' talaai by light to 
travel over th(‘ thickiu'ss of the pulse Ix' small 
Compart'd with th(' ])('ri()ds of vibration of the? 
inok'culcH of the refracting sulKslamx'.” 

The Distinctive Property of Rontgen 
Rays. In th(' year follow ing th(' discovery, the 
bite Sir (Ic'orgc Stokes suggt'stcd that jx'rhaps the 
Rdntgcn r.iys dith'r from ordinary light in that 
they consist not. of train.s or series of w'avc.s, 
but of irrt'gular dis(*(»nn('<?tcd waves or ])ul;.('S ; 
“single disturbance.^, ])i()pagated with the sairn. 
vel(K'ity as light, but not followt'd by a train 
of weaves.” Prolcsssor 'riiomsf)n lias shown that 
whcncv('r th(' ca-thodc. rays — or, rather, his cor- 
pnsek's — strik(' a solid, inti'iisc ek'ctromagiU'tic 
pulses must Ik' s('t up. Since tliis must be .S(j, 
w'hat (*a.n lx* mort' probabk' than that the 
Knntg('n rays, produced under these very con- 
ditions, art' none otht'r than the ])ulses winch 
iiiu.st occur 'i V<*r> probably, then. Sir (icorgt' 
Stokt's was right, and tin? A -rays consist of 
intt'rmittcnt cthert'al puls('s ]>ro(luc('d by the 
impact of the negalivo corfiuseU'.s upon the glass 
— which is proportionately inti'rmittcnt — and, 
furthermore, dilfering from ordinary light iu 
the extreme shortness of their w^ave length. 

At a comparat iv('ly (*arly stage in the 
inquiry it was found that the Rontgen rays 
vary somewhat ac?cording to the contlitions 
under which they are produced. This is an 
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important matter theoretically, nince it suggests, 
for instance, that there may bo a whole series 
of “ notes ” of Rout gen riiys corresponding 
to the notes or colours of visible light. 
Physicians and surgeons also have conic to 
recognise the extreme importance of distinguish- 
ing the various kinds of Rontgen rays, sincii 
one kind may have a (Mirativij efh'ct Avhich is 
entirely absent from the others. If the vaiunim 
tube has not been exhausted to any very great 
degree — tlu^ gaseous jiressiin^ within it, therefore, 
remaining pretty high — with the (,onsfM|uenee 
that lh(^ potimtial (lifTerenee between its tiltM?- 
trodes is small and the veloeity of the corpuscles 
between them correspondingly low — the Rontgen 
rays produced outside the tube are. called fntjt 
rays, and have tlie eliaraeltM' that they are 
very readily ahsorlx'd. 

Penetrating Power of the Rays. 

Very different, inde<*d, is the. ])cnetrating 
power of the rays produ(H*d in a tube which is 
very highly exluMisled. In such a tube, where 
the potential dilh'rt*nce bi'tween the two ek‘<‘- 
trodes is high, the (rathodi* rays t raved with 
much greater sjxM^d, and the^ variety of the 
Rontgem rays they then })roduce are called harfl 
rays. Says Professor 'rUomson : “ Witli a 

highly exhauste'd tube and a larg<‘ in<lu<-tion 
coil it is possible to get a])pre(Mabl<’“ elTeets from 
rays which have fiassed (lirough sheets of iron 
or brass several mil lined res thick. The peme- 
trating power of the* rays thus varie*s with the 
pres.surei in the tube*; as the* pressure* in the* 
tube gradually eliininishe*s, wlu'ii tlie* disediarge* 
is kept running through live* tuiie*, the type of 
tliseharge* pre)ee(‘(ling iVeini the* tube* is eem- 
tinually ehanging. Not only (lf> elilTereait 
bulbs e*mit eliflerent kinds of rays, but the* same 
bulb may e*niit, at the> satue tiniv, rays of elilTereiit. 
kinds. The propt*rty by whieli it is nieist eon- 
V‘*nient to identify a ray is the ahseirptiem it 
suth'rs wlien it pass(*s threaigh a certain thie*k- 
ness of aluniiniiiiii and tiiife)i].” Rut, ne*ve‘r- 
theless, (‘xperinie*nts made eui this pf)int .show 
that the rays vary among the*ms(dv<*s e*ve'n 
more than W’as thought, jind, as lias before 
bet‘n state*d, this ejue'stion of the* dilTe‘re*nee^ 
hetwe^en various kinds of Ihiiitgen rays 
is not only one? eif groat physical interest 
but may alse) frequently be a matter of life* 
and death. 

The Effects of the Rays. Until qnite:e 
lately it could not be said that the re*al nature* of 
the Rontgen rays was /i/vuvv/, tbe'mgh in all preiba- 
bility tlmy were ne‘ithe*r material partiele.s nor 
longitudinal waves in the ether, as the* di.seove*rer 
liimself had sugge'sted, but esmsisted of trans- 
verse* otheival elisturbane-es. Rut if t}ie*y we're 
transverse they e)uglit tei be* polarisable^ and 
until epiite late‘l\' a.ll attt*m[)ts tei polari.so the*in 
ha<l failoel. The* use* of te>urinaliim plates gave 
ne) <‘viele*nre of polarisatiem. Quite lately, 
how'cver, anotlu'r m('the»d has bee*n employe'd, 
in describing which we may que^te* from Mr. 
Strutt. whe> is the sein and he'ir of Lord Rayleigh, 
the Pivsident of ilie* Royal Soe!iety. and atfeirds 
a cemspieuoiis iiistam*(i of inherited sciemtific 
geniii.H. He has made very important con- 
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tributions to various aspects of the subject 
which we are now discussing. 

‘"The rays,’’ says Mr. Strutt, ‘‘ are allowed 
to fall on some light substance, such as 
))aper or carbon. Under these circumstances 
the paper or carbon becomes itself a source 
of rays — secondary rays as th<»y are called. 
The amount of s(*cori<lary radiation in any 
fixed sideways direction is found to vary, 
as the vacuum bulb giving out the original 
rays is made to turn round in sueli a way as 
to rotate the beam of rays on i(s(*if, without 
idianging its dir<*(;ti()n. This proves tliat th(3 
beam luis a oiu'-sided character, and establishes 
ino.st satisfactorily lliat tlu^ vibrations mii.st be 
in a transv(*!“si‘ ilireetion ; for if the vibrations 
were longitudinal it is impossibh* to conceive 
liow turning the beam round could make any 
difference. T^jiter and mon* elaborate ex- 
piMiments have shown that lliis one-sidi^dness 
is much more mark<‘d in thc! secondary rays 
themselvi's than in llu* original oni‘s from the 
bulb.” 

The Use of the Rays. M’his must 
obviously ho. r(‘gar(l(*d as conclusively proving 
that tiu* Kdntg(*n rays are (‘ssentiilly identical 
with light. If wo could .show linally that 
the: rays have the same: spi'i'd as light we 
might, regard oui‘ ])roof of tlu'ir nature as 
<u>mpl(‘<c. It hM,s n*ceiitJy been attempted 
“to eompan* tin* s])e(*d of the rays wdth the 
s])eed of <‘l(‘ctri(*. waves travelling along a wire, 
which is known to the ssrue as that 

of light.” So far as lliese (*x])(‘rirnents have 
hith<‘rto gone tlu*y s«*<‘in to show that, as might 
he (‘xpeeted, tin* M'loeity of tlie Koiilgen rays 
is identical with that of light. We may note 
that M. rdondlot, whose all(*gial discovery of 
the N-rays is still uu(h*r diseii.ssion, claimed 
some two or three* y'ears ago to liave shown 
that the Rontgen rays are jiolarisable and that 
tht*y move with the velocity of light. 

r.<‘t us now turn from the purely pliysical aspect 
of this study to tin* question of utility, which, as 
a mat(<*r of fact, lias advancixl very luueh more 
rajiidly than tile ])urely seientitie question. No 
.soon«*r had I’roh'.ssor Rontgen d(‘monstrat<^d 
the fact that he could see his own bones, or 
ratlM*r tlu'ir shadow's, [irojeeted by (he rays, 
than the surgeons turned the fact to .account. 
Plainly, this prop(*rty would be very much to 
the p(unt if it were applied to broken bones, the 
position of which it is often very difTieult but 
aUvays very important to ascertain. Nowadays 
a thoroughly up-to-datii surgeon with a perfect 
equi]uiu‘nt and ])l(*nty of time not only uses 
the R6nlg(‘n rays in every ease of fracture, but, 
aft(*r the fracture lifts been set, and the band- 
ages and sjilints and all liavt* been put on, 
takes anotliei* ])hotograph so as to make quite 
sure llial thc fr}tgnu*nts of the bone are lying in 
perfect position. 

The Enormous Gain to Humanity* 

Tlie surgeon acts similarly, in the case of disloca- 
lion*i, in the c^ase of bullets, and needles. On this 
men* point of finding needles the reader can have 
little idea how many women the discovery of 
the l^dntgen rays has benefited. Furthermore, 
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it is quite easily possible to see the movements 
of the heart by means of the Rontgen rfiys, 
and this has enabled doctors to confirm the 
theories formerly held as to the causation of the 
various sounds produced by the normal and the 
abnormal heart. Many cases of the disease 
known as aneurism can also he reacKly detcH^tc'd 
by the size of the shadow which the diseased 
artery throws upon the screen. Furthermor(\ 
the early signs of consum])tion or (ubt^rculosis 
of the lungs can he dc1c‘(;t<‘d hy the incnNistnl 
opacity which this disease canst's to these 
rays, and some observei’s are of opinion that the 
disease can be thus diagnosed sooner than by 
any other means. Again, t in ‘re is a large 
numl.Ma‘ of ditfereiit kinds of stone occurring in 
the l)ody, the pn'S(‘nct‘ of which can ht' dcl(*etcd 
hy the shadow whieh they cast under these 
rays— a means of diagnosis whieh is now of 
the utmost value in surgery. 

The Rontgen Rays and Living 
Matter. It is a curious circiinistancc that, 
so far as can Ix^ judgi‘d, tlu> X-rays havt* no 
deleterious action upon microbes. 'Phis is 
curious, 1 k'cuus(', as wc shall s(‘c, they are of vciy 
great vahui indeed in llu* trtaitnient of various 
diseases of mierohie origin. W hen tli * l<<>ntgcn 
rays arc allow<‘d to a(*t up(»n tia* skin, tluy cause 
a number of remarkable changes in tinu*. 'riicy 
very often destroy entin'iy the roots of tlu' hair, 
though liitlu'rlo it has not Ixa'ii possible to (‘on- 
trol Iht' prodiution and character nf the rays in 
siiflicicnt degree to justify tlieir use as a substitute 
for the razor in tlu^ case of priests or othei- ]H*rsons 
who are compelled to s]X‘nd a eonsi(l(‘rabk‘ part 
of th(!ir lives in keeping down a beard wliich 
might Ije arrested for (‘\t‘r by th<‘ Kiuitgcn rays. 
'Phe skin itself is also apt to uiid<*rgo various 
(ihanges which may amount cither to seven* 
irifiammatiou or ev(‘n to actual d<*stru{ttion. 
It is the lament abk* fact, also, that tijc u leers 
pro<iuced by tlicsc rays sometina's Ix'coim* 
cancerous. Doctors and their assistants, work- 
ing the Kiintgcn ray dc]>a,i tnuMits of hospitals, 
are now learning tliat it is necessary to prot<‘et 
themselves by means of leaden gloves or shields. 
"I’he most opaque sul)slanees of all t(» the Rr»ntgen 
rays are j:)latinuin, mercury, bisniulli, k-ad, and 
silver. 

The Displacement of the Knife. The 

public are already familiar with the use of tlie 
Rdntgc*n rays in diagnosis, but in (piite r('eent 
times tliey have been employ<*d as a iiu'ans of 
treatment, and in many eases tlu'ir use has Ix'cn 
followed by the most astonishing, not to say 
unexpected success. Like ultra-violet light, the 
Rontgen rays an? })erf('etly effective in curing 
lupus, hut their jxmetrative ])o\ver is far greater. 
In the therapeutic iJS(‘ of ultra-viok?t light, great 
importance is attached to the exclusion of as 
much blood as possible from the area of the skin 
to be acted upon, for even the thinnest film of 
blood abi^orbs these rays. Very different, however, 
are the Rontgen rays, which will i)ass right 
through the body, and thus their range of employ- 
ment as theraixndic agents is veiy much greater 
than that of ultra-violet light. The Rontgen 


rays will cure deeply-situated casc?s of lupus 
against which the Finsen treatment is power- 
less. Besides this disease, a dozen other diseases 
of the skin might lx* named, including notably 
ringworm and its allies, which are curable, and 
aiM? now constantly treated, by the Riintgen 
rays. Much more important is the conquest hy 
this means of one variety of cancer -that known 
as nnlent vlcer. It is true that this is by far the 
least malignant variety of cancer, and the reason 
why it alone is susceptible to the action of the 
Rontgen rays is don hi less that it is also the 
most siipeilieial variety. But rotleiit uk‘t‘r is a 
common dist'ase. and no words (*an say how 
magnificent is tlu* gain involved in the displace- 
ment ()f the knife by thest' rays in the tn'atment 
of this once t(‘iTihle dis(‘ase. 

Cures by Rontgen Rays. 'Phese 
facts raise (piestions of the very greah'st 
sek'nlilie itUciest, and more (‘specially wlien we 
r(‘alis«‘ that the rays a))j)arently hav(‘ no anti- 
s(‘plie aeti«)n in tlu‘ ordinaiy s(‘nse. 'Phe cun's 
th(‘y effect s(‘(‘in to he due to tlu‘ir stimulation 
of th(‘ tissues of the body, and tlu? (pieslion \\v 
must ask ourselves, without any ])ossihility as 
y»‘t of ans\vi‘ring. is -How do these elect ro- 
inagiU'lic ]udses so afiVet living malt(‘r as to givo 
rise to tliese eoMS(“(|U(‘nees ? Sei(‘ne(‘ will hav<' 
advaneetl much further before it is ])ossihle to 
(‘\plain llu‘S(' facts in physie()-elu‘mieal t(*rms. 

'^Ph(‘ rapid advance j)f tlu* ]fiiysies (jf tlu* 
R(")ntg(*n rays has h(‘(*n of gn*at value, of (*ourse, 
jis regards tli'‘ir application in what ns(*d to he 
called ])hysie. Notably, it is now Ixang found 
that when rays of the rigid kind are empl(>y(‘d 
in suniei(*nt ahundanei* tlu*ir tlu*ra|H*utie action 
is v(‘ry far from lx*ing e(>nlin(*d to tlu* siirfae<? of 
the body. On tlu* eoidruFy, th(*re art* various 
di.seas(*s of the internal organs, most of tlu?m 
res])onsiv(* to no otlu*r kind of tr(*at riu*nt, in 
which grt‘at gain r(*sulls to tlu* ])atietd Iroin the 
employiiu'id of tlu* Roidgi*n rays. It is nothing 
short of amazing to eont(*mplate tlu* revolution 
in many hranelu'S both of surgery and «if 
iiu'dieiiu* which has heeii efieeted in a few short 
years Jis a dii’eet eons(‘(|n(‘nee of IVofessor 
K(">ntg(*n's lirst ol)servatioM. 

The Theory of Radiation. We have 
now eompk‘t(‘(l our dist'ussion of many various 
kinds (»f radiation. \\(* havt* said all that there 
is time to say of the rays tjf ordinaiy light, tlu* 
ultr.i-vjol<‘t rays, tlu* infra-red rays of radiant 
lu‘al, tlu* still somewhat duhious X-rays, and tlu? 
Riadgen rays. "Plu* proposition has lM?(*ri 
submitted that, wid(*ly lliough th(*s<* difier 
from one another in res]x*et of their ])hysie.al 
j)rofK‘rties, and still mon* vvi(l(*ly in rt‘speet. 
of tlu*ir inlhit'iua* iiptui our senses, yet they 
art^ (»iu‘ and all to be rt'garded, together with 
many other radiations known and unknown, as 
fundamentally id(*nti(*ai. 

For (iur ])resent purposes, then, we junst 
dismiss tlu* difiVrenees lx?tw(M‘n these various 
kinds (.)f rays, and must consider tlu* extremely 
tlifticiiU sui)j('c*t of radiation in gen(*ral, recog- 
nising that hy this term wx* include radiations 
visible and invisible. 
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Radiation and Temperature. This made to pass through a stout iron wire. The 

is one of the most complex subjects in wire becomes gradually hotter, up to a certain 

the whole of phyBics, aiid we can i>resent it iK)int, at which the loss by radiation and con- 

merely in outline. More important than any vection just balances the gain of heat by electric 

of its details is the recognition by tht^' student resistance. And as it becomes hotter the amount 

that there is, or may be, a general theory of of its radiation increases, till at a definite tern- 

radiation. Perhaps the first fact worthy of perature it becomes just visible in the dark by red 

Ix^ing insisted upon is the ('xtreme intimacy of rays of low refrangibility- As it becomes still 

tlio relation between radiation and temperature. hotter, the whole radiation increases ; the red 

This is fff the utmost importance in respect of rays fornu'rly given off b(^eome more luminous, 

theory and of ecpial imiMjrtance iM'canst^ of the and are joined by others of higher refrangibility. 

remarkable information which the application This process gws on, the whole amount of radia- 

of this prifi<*iplc alTords us when \\i' turn to the tion still increasing, ea.<‘h kind of visible light 

study of the stars. Let us recall for a moment becoming more intense, and new rays of light of 

what we hav(; learnt regarding heat. We have higher refrangihility corning in, until the whole 

seen that heat may transfernd by conduction, bcconu^s white — tliat is, gives off all the moi’e effi- 

by convection, or by radiation ; bul now we eient kinds of visible light in much the same 

may consider more critically tliis last process, relative proportion as that in wliich tla^y exist 

which we shall firul to he fuiid;im<*ntally diffenmt in sunlight. When the circuit is broken, exactly 
from the oth<‘r two. Wv know that a radiant the same phenomena occur in tlu^ nwersc order, 

body in coii.sc(jucnce of its radiation cools. We the various kinds of light disappearing lat-or as 

know also that the bodies which aV>sorb the their refrangibility is l(^ss. But the radiation 

radiation are heated, but ar(‘ entitled to continues, growing weaker every instant, even 

apply tlie term heat to that whicli ]>asseK hetween affer the w liok^ is dark.” 

tJie radiating and tin* ahsorhing bodit^s ? '^riu* This illustration affords oiu? more proof of 
nature of the pr(»l)lcm is usually ol'seured hy tlu^ the continuity Ix twcen tJie visible and the 

language w('> cni})loy. W(' (kserihr what pas.scs invisihk*, hut it also corjstitutes an illustration 

as radiant heat. But the <*rifical r(‘a(lcr will have of tla^ fuoposil ion that tluTo is a definite relation 

already noticed that then; is a fuudanu'ntal hctwccii temperaturt^ and radiation. If wo 

distinction between this radiant heal wliieli, translatt^ what happinr. into the best symbols 

according to our latest studies, is none other that w'<‘ kuow% w'c must imagine that ar. the mole- 

than an (‘k'ctromagnetie ph<‘nomenon of the < ther, rules of th(‘ w ire b(‘eonie hotter and tlie character 

and the ordinaiy heat, whi(‘h consists, as Ave have of (luMr vibrations a-ltcas, so tliey giA^e rise to 

said, of a vibration of certain mat(M*ial luoh'cules (‘theri‘al Avaves of slant (‘rami sliortcPAvava; lengths 

We may utilise the words of Pn)f(‘ssor Tail and great<*r and grt‘atcr fre(pi(‘ney. 

in proof that radiant h<‘a,i is not r(‘ally heat The Laws of Radiation. The whole of 
at all, though it maybe in some \\ay eaus<‘d radiation, then, is one ph(‘nomenon, and to have 

by heat and in sorm* Avay cause lu'at. “ When diseov(‘red this eonstitul(‘s a great, triumph of the 

a pi(*ee of clear ie(^ is cut into tlu*. form of a mind ova‘r llu? irnpc'rteet ions of our senses. Leins 

large burning-glass, it can be ein])loyed to now consider Avhat gem‘ral propositions can be 

inflanK^ timber by concentrating the sun's advanced bedside that, of tlu^ relation between 

rays, and tli<i lens does tlie Avork nearly as teinpc'iature and radiation. N(‘arly lialf a een- 

rapidly as if it. had l)(‘<*n imule of glass. It lory ago Balfour SU‘waii shn\v(‘d “ th(‘ absolui(? 

is (XTtainly not what we oi'dinarily call heat iiniforniity, (jualitalive as w(‘ll as quaiititat ive, of 

Avhieh can he transmitted under conditions like tlu* radiafi(jn at all points and in all directions 

thes(^ Radiation is undoubtedly a traiislereiiee Avitliin an enelosun^ imp(*rvious to lu‘at when 

of energy, which Avas in the form commonly tluTinal (upiilihrium has onet* Immui arrived at.” 

called h(‘at in tlie radiating body, and becomes He showt'd. by many (*\p(‘rirnents and oljserva- 

lu*at in a body Avbieli absorbs it ; but it is trans- lions, tJiat radiation and absorj)lion rigorously 

formed, as it leaves tlu? first body, and i<*trans- eompen.sale (sudi other, not merely in. quantity 

formed Avhen it is absorbed by lh(‘ s(‘eoiid. ' but in (|ualily also, so tliat a body AV'hieh is 

Visible and Invisible Light. Tlu^ sp(*eially absoridive of oiu* particular ray is in 

reader Avill understand that tlie term “radiating” the same ])roportion specially radiative of the 

in the above (piotatiou inehules all luminous sarne ray. its tempmature being the same in 

bodies. W(^ an* sjusiking iioav not merely of both eases. Ste\va.rt’s final statement Avas that 

radiant heat, but of light as Avell. This' wt^ “ i'-'W temperature a body’s radiation is ex- 

shall see by anotluT quotation shoAving the lictly the same, both tis to quality and quantity, 

absolute etmliiiuity betAvtu-n the visible and that of its absorption from tho radiation of a 
the invisibk^. 'rhe more intensely a cannon- black body at the same t(‘mperature.” 
ball is heated l lu^ mort^ luminous does it Tlie last proposition sIioavs that Stewart worked 
become, and ak.o tlu? more mvirly white is first at radiant heat, but his propositions were 

the light which it giv(^s out. So w'cll is this triu* alike of light. In short, they are true of 

knoAvn that in almost all forms of eiAulised radiation in general. Balfour StoAvart’s work 

sp(‘(H‘h there are terms eoiT(‘spondir>g to our Avas, indtH'd, a confirmation and extension of the 

‘ r(‘d-hot, ‘ whiUi- hot ,’ etc. As anotlmr in- very important idea first enuneiated by Prevost 

Btaru^o, sup})oso a powerful electric current is in 1791, and called by him tho o/ 

Continued 
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precipitated by a gallon of pure soft water in 
which that number of grains of carbonate of lime 
had been dissolvt^d. Water 
of 12 degrees of hardness 
will preeij)ilato as much 
soap as pure water would 
to which 12 grains of car- 
bonate of lime had betui 


capacities adjusted to give the required prri- 
portion of reagents to the hard water. 

The hard water is ad- 
mitted to a tank divided 
by a partition into two 
unequal portions : the 

larger of these, which con- 
tair.s a syphon, is ^called 


added per gallon. Liimj 
alone will reduce the tlcgrec* 
of hardiK'ss from IS degrees 
to 4 degrees, and will (‘fTccl. 
a saving in the use of soda 
and soap. A hundred- 
weight of quieklinu^, costing 
Sd. or Od., is prod»u-tive of 
softening repres<mted by 
4'|* ewt, of earhonatti of 
soda and 2().j ewt. of soap. 
The writei’ carried out 
works to soft <‘11 very hard 
wat<u' at a largi* })ul)li<* 
institution, and it was found 
that tlie saving <‘tT(‘et<‘d in 
various ways m<»r<^ Ilian 
eovcr(‘d the r<‘payin<‘nt, of 
the loan for tli(‘ works, 
Ix'sides tin* at t (aidant com- 
fort and <*(>nvenicaie<‘ of the 
jieople. 

Deposits in Boilers. 


■f 



the syphon-tank, and the 
.smaller the measurer. The 
top of the partition is twn 
irudicvs below the level at 
which the .syphon liegins to 
discluirge. When the level 
of the water in both com- 
partments lias reached the 
dischargi^ point, the syphon 
automatically discharges the 
contents of the syphon- tank 
into tlie mixer, leaving the 
oth(;r (onqiartment brim 
full. In thc^ syjihon-taiik 
is a float, which, as it dc;- 
scends, lifts, hy means of a 
lever, a valve at the bottom 
of the measurer, and])ermits 
th<^ aceurately mc^asured 
(plant if y of watcu* to run 
into th(! liuK'r, displacing 
an equal quantity of cl6ar 
liirKvw'atc'F, vvJii(4i oycrflows 


Hard water caus(is dcjiosits 
in boilers, wliich arc most 
umU'sirable as the scaU^ 
formed k'.ads to uiKupial 
heating of the ni(‘tal and 
plosions. Tlie wTiter applic'd 
arraijg(‘mcnt to \vat(‘r of I t .’ 
lU'SK at an insf allatioii of 
boilers, and reduced tlii^ 
hardiK'ss to about 4 dcgrc(‘s, 
using a pound of linn* to a 
thousand gallons of Ava.f('r, 
incrustation b(‘ing ])n*- 
vc'iited. 

Water Softening. l*(‘r- 
manent hardn<‘ss is caused 
hy the watc'r containing 
(MU’tain salts in solution, 
till? chief of Ailiich are 
calcium chloride*, magnesium 
sulphate and chloride, and 
sulphate of lime. 'Duvse 
can be rem()v<‘d by adding 
eqrbonat(‘ of soda to flu* 
wat<‘r in juopc'r proportions, 
and storing the same in 
suitable^ cliamla'is. where 
deposition talo's ])laee. 
S(iveral nu'chanical arrange- 
ments liavt* be(‘n devist'd to 
aeeom])lis}i this. One is 
calk'd tlie Oriton Water 
Softener [71, made by the 
Pulsomcler Kngineering (-o. 

The quaiititk's of tlic^ 
reagents are measured by 
filling vessels of given 


( lilTOX \V\TER SOFTF.NKK 


the risk of c‘x- 
a sini]>l(i soft4‘ning 
' <k‘gr(.*(‘S of hard- 



into th(‘ mixtu*. During its 
passag<’ iqiwards in tho 
FAi .SOFTENER JiniiT th(^ watcr passes 

through a bed of slaked 
lini<‘, and on nmohing the top has become 
saturatc'd liine-wat<‘r. 4'lie bed of limc^ is kept 
stirivd u]> liy an agitator w()rl<(*d from tho float 
of the* syphon -tank. 

.Vtteiition was (\allcd in 
tlie “ Public? H(*alth En- 
ginc'er” for Septcmilier, 
‘‘‘ lOOo, to an a])paratus for 

softe ning' wat(‘r eallod the 
D(?srumanx, which deserves 

4'his apparatus, as will 

shown in 8, consists of two 
^ y cylindrical tanks, the one on 

l[ .. g the left -hand side of illnstra- 

1 ^ ^ ^ being the lime saturator 

H for making linu'-water, and 

^ ^ tliat on the right-hand side 

bc*ing the decanter, in which 
rSF tJie reagents arc mixed 

with the water to be 
Hp.MK softeiic;d, and the clear 

xlfid soft \vat(?r descanted and 

IP^SL MF liltercd ready for use. 

Filtering. For filtering 
water on a largo scale for 
public supply the form of 
filter employed in the past 
BUPPIWF' consists of a layer of clean, 


8. SECTION OF DESRUMANX WATER 
SOFTENER 


average size, from two to 
four feet in thickness. 
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beneath which is a thinner layer, about six inches, 
of tine gravel, with a layer of coarse gravel 
luidemeath. A series of small drain-pipes at 
the bottom carries the water, which passes 

downwards, to the 
maineollcctlng out - 
let drain or drains. 

At the farthest 
ends of tlu'sc, 
drains from the 
outlet pif)(‘s ani 
carried up the walls 
of the filter-bed 
to the surface, to 
enable the air in 
the bed to • escnix^ 
when the filter is 
being filh^l. The 

usual rat(* of (ill ra- 
tion varies \.itli 

the conditions of 
supply and de- 
mand, but that 

which has Ix'cn 

adopted for the 
supply of London 
is about UM) gallon to 500 gallons per 
iq. yd, p(M* 24 hours, the rate being m(*asured 
by a under, either at the inlet or outlet. The 
hea<i of water on th<? top of the filtering material 
is regulated to about two feet, 'riie eioar water 
is conveyed U) a tank, which should lx* roofed in 
if it is in the open, and placed at a level to enal>l<‘ 
it to receive the water from the lilter-bcd. When 
the cistern is (piite full and the bed emptied for 
clearing purposes, tiu^ lu'ad can foree water up- 
wards through the bed to remove impurities. 4\> 
obtain a uniform rate of liltration through the 
whole of the bed, which is an important matter, 
the length, number, and size of the drains !iavet(» 
be arranged to meet the variation in pn'ssure 
in the drains, vvhicli is least towards the outlet. 

The rate of ptueolation through the bed 
should be regulated to ])revent its being water- 
logged, as the removal of organic matter in 
the water is 
not by me- 
chanical but 
by bacterial 
agency, and 
the micro-or- 
ganisms that 
a e c o m p 1 i s h 
this a r 
aerobic, re- 
u i r i n g air. 
ho foregoing 
system of fil- 
tration has 
been termed 
the slow sand 
method. 

It was at 
one time 
thought that the efticicncy of a sand filter, 
as regards the removal of bacteria from the 
water, depended on the maintenance of the 
surface film, which is formed by the collection 

1 P 


of vegetable and organic matters floating 
in the water before it is passed over tin? 
filter. This view has Inxm shown to b(‘ incorrect 
by the observations which were' made by Mr. 

Llark, the chief 
chemist to the 

Mass a c h u .s e 1 1 s 
Board of Health, 
and commurheateil 
in 1 1101 to the 

Institution of 
Li\il Engine(Ts by 
Mr. Butter, wlu) 

was c«)imecte(l w ith 
one of llu' larg(’ 
stations for tlii^ 

supply of London. 
II(‘ I'ari’it'd out a 
plan by which the 
surface iilrn was 

systematically dis- 
turbed on a large 
area of open iilters 
d e a 1 i n g w' i t li 
25 , 000.000 gjillons 
of water p(‘r ilay. 
Candy’s Water Filter, Tandy's system 
of w'at(‘r ])unlicati()n eoiisists in forcing air 
under pr(*ssure intci the w^a,t<‘r, and siibse- 
qui'iitly passing the atuated w'at(‘r through 
a filtering nu'dium in which “ pijiarite ” 
plays a part in conjunction with sand, 'fhe 
coinhineil enVets of aeration and liltration have 
helm found to yield an (‘xeelleiit water at Hast- 
ings and St. Leonards. It has Ix'cn ehanieterisi‘d 
by the waterworks’ luigineer tlnuo as being 
eolourh'ss, sparkling, and of the highesi 
organic purity," and he states that the sysOmi 
is " a most satisfactory and economical method 
of purification.'’ The mati'rial called pohuite 
is an artilieial oru*, preparcal spi'^ ially for us(‘ in 
sew'ag<‘ and water liltcas. caul being insoluble, 
and having a.n oxidising pro})erty, has been 
found useful in this connect iou. 

Fig. 9 shows filt^'rs, L") It. in diameter, at 

the H a s t - 
ings Wat'M- 
w'orks, for 
dealitig with 
2,01)0.000 gal- 
lons a day. 
F i g ii r e s 10 
and 11 show 
a front anti 
tmd view of 
two out of a 
b a t t V r y at 
CardilL The 
cost of 
chuiiisirig and 
working, in- 
cluding up- 
k <' e p , is 
stated to be 
about Id. per 50,000 gallons for a town's supply 
of over 1,000,000 gallons a day. 

Sterilisation of Water. The sterilisa- 
tion of water in the field was the subject of 
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an inspection by Mr. Arnold -Forster (then 
Secretary of State for War), at Mill bank 
Barracks, in August, 1905, of 
several apparatus for that 
purpose. They wore classed 
under three heads. First, 
chemical methods of sterili- 
sation by the oinploymont 
of pernianganato of p(}t«.sh, 
bisui|>}iate of sodi, alum, 
sulphatt; of copper, brojiiine, 
iodine, and chlorine I’lie 
second Mass of apparatus 
<*mpl(>yod filtration, and the 
third class relied upon boil- 
ing the water. The last is 
ndvoeattnl by sonu^ authoriti<‘S 
for army ])ur poses, as tlu* rough 
treatment to whieli filters 
would inevitably bt‘ <‘x posed 
in the field might, had to the 
unnot-icK'd bi eakage of a. eaiidle, 
wher(‘by the wat<'v passing 
through it wouhl he uiitil- 
tered, and the consumers wuuhl 
sulTer accordingly. 

The “Jewel” Filter, 
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T1h‘ systtuu of 
water purification that ha.s been inf rocbieed by 
the Jewel Export Filler Conij)aTiy (of America) 
has been so successful that it deserves mention. 



END VIEW OF CANOY FILTERS 


It is bas(‘d on the application of some harmle.ss 
soluble salt, such as sulphate of alumina, as a 
coagulant to the water, aft<*r wiiich sedimentation 
and filtration is efYected in specially arranged 
tanks, either op<>n, when they are. termed gravity 
filters, or closed, when they arc called pressure 
filters. The writer has before him the results of 
many investigations of the treatment of water 
by these filters, and it appears that they possess 

' 1 advantages over the ordinaiy sand filters, called 
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by the Americans the sand syateirt, while 
the Jewel filter is termed the quick sand filter. 

In comparison with slow 
sand filters, it is claimed 
that rapid filters possess, 
among other advantiages, 
the capacity to treat very 
turbid waters and to re- 
move a large percentage 
of colour. 

Figs. 11 and 16 show 
a Jewel ‘‘ gravity ” filter 
with and without a sub- 
sid(‘nce basin, and 13 
shows a “ pressure” filter. 

The addition of sulphate 
of alumina to the water 
results in the formation 
of a gelatinous insoluble 
coagiiliim of considerable 
bulk, and of greater 
specific gravity than the 
suspended particles pre- 
sent in the water. "^fhe 
natural prc'cipitation of 
this (‘OJ’gulum brings about 
tli<‘ aggrogiition jmkI deposit of thegr(‘at(T part of 
llu‘ suspended matfi'r. By tliis nutans from 40 
to 75 per cent, of both KUS])endpd matter and 
bacteria can be removt'd from the water before 
it reaches the filter bed. 

The filters consit^l of 
wood, iron, steel, or con- 
crete tanks, containing a 
bed of earcfully-graded 
and selected sand of uni- 
form size, supported by 
a special scretm system. 
To thos(‘ ar(‘ eon nee ted 
the m-eessary influent, 
elllin'iil, wasli- water, and 
se\ver-])i}>i^s. 

41ie rat(‘ of filtration 
may he varied from 1,600 
imperial gallons to 3,200 
imperial gallons per foot 
per diem, or from 

70.000. 000 gallons to 

140.000. 000 gallons per 
acre per diem. The 
inaintenanc'o of this rate 
of flow requires a large 
filtering head, varying 
from 6 ft. to 14 ft. A 
relatively small head of 
watc^’ is carried over the 
sand bed, as it has been 
found tliat a negative. 

head gives better results. This relatively high 
filtering head results in the compacting of the 
.sand bed. On this bed the precipitation and 
straining out of the coagulated material causes 
the rapid formation of a gelatinous and sticky 
film. This film retains the greater port of the 
bacteria and suspended matter. 

When tbc filtering film has become too thick 
and dirty for filtration to bo economically con- 
tinued the sand bed is washed. This is done 
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hy reversing the flow of water ; a current, pr<5- 
Ferably of fUtored water, is forced upw-arda %vith 
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consukTiibU* velocity Ihrougli llie screen system 
and sand bed, wliolly removing the deposited 
lilni and accumulated dirt, and restoring the 
sand bod throughout its entire de[)th to a state 
of purity. All sand grains coming into contact 
with water containing (uganie matt(‘r will, in 
course of titne, colh'ct an organic coating, i 
particularly if the water passing through them 
(‘arries with it any oil or grc'asy matt(‘r. The ■ 
grains then Ix'come smooth and slippery, and 
deteriorate in liltering ellici<‘ney. This sliiny 
organic coating surrounding the littering sand is 
easily removed in a few' hours without removing 
the sand from the iilter tanks. 

As in slow sand tiltcrs, it is most important that 
the rate of filtration should be perh'ctly uniform, 
and that, the pressure should he grailually and 
uniformly incrcas(‘d as tlu^ betl becomes dirty 
and less porous. To seeuie this, all filters ait* 
provided with a paUuit automatic controller 
that maintains a piufectly uniform rate of 
flow^ utnler all conditions. They arc' also pro- 
vided with loss of hea<l gauges, that. .slu)W at 
once the regularity of tin' increase' of the liltering 
head. Kacli filter is also fitted with a valve 
eonnected to the waste- water main, .so that, if 
desired, the first filti'ied water cfin he run to 



16 . JEWEL GRAVITY FILTER 


waste. Special sample draw-off cocks are pro- 
vided, and the operator has at all times control 
of each individual filter and a knowledge of its 
condition. 

Pressure Filters. For doFne.stic and 
manufacturing purposes, ami in some cases for 
miinieipal .supplies, the ])re.s.sure tyi)o of filter 
wfill he frequently found to be more convenient 
than the gravity typt'. It requinis no machinery 
for figitating tiu' sand hcd. Tt occupies less 
.spa(X', and is someliines rnon^ economical, as in 
many cases it is possible, by using a pressure 
filter, to avoid double' pumping. Ft. also saves 
tile additional pumping of w'ater for w'ashing the 
filters. Many patterns of ]>ressure lilters have 
been eonstruett'd, but tlu' New' York pattern, as 
show'll in the illustration [13], has hei'n proved to 
he the most satisfactory and eoiivenie^nt. 'Fhe 
filter bed consists of carefully graded sand, sup- 
|)orted 1 ) 3 ' a scre'en system, as in tlie gravity ty]x^ ; 
hut the whole' is e'lieleiseel in an inm e>r ste*el 
eyiineler te'ste'd to UK) lb. pre'ssnre. The hexl is 
waslu'el 1 ) 3 ' a reve'isal of tIu' flow, and, as in the^ 
gravity patte'in, the full vefiumi' of wash w'at(*r 
ean he' dire'cte'el into either the whole or separate 
si'ctions e)f the filter be'el. 

The' Jewel system of liltering wat(*r w as adopted 

^ „ inee)nnection 

w' i t h t h e; 
Alex an d ria 
w' a terworks, 
and llie eom- 
p 1 e t i o 11 () I 
the ti 1 1 e r s 
w'as inaugu- 
rated hy tlie 
Khedive in 
Oct o I) V V . 
IfiO,’). Before 
the system 
W'as i n t ro- 
duee'da most 
(* xh a u stive 
.se'i ies of expe*riments was ma.d<'. and theM-hied en- 
gineer anel the sanitary ins})e'ele)r re‘])ortcd to the 
munie'ipal coune'il in .luly, IDOo, the' completion 
of the entire works. Their report states that in 
tlie ease e)f the' bacterial e'flieie'iiey of the^ new' 
filte'i's, from numerous anal y.ses which 
have' be'e'ii made', it is e\s])ecially 
shown that the removal of the^ 
mi(*re)l)es from the raw' w'ater by 
the proee'ss of suF)sideTie'e and filtra- 
t ieui Ims ahvay.s bee'ii ve'iy satisfac- 
tory. Ev't'n during the' most eliflieult 
penexls of (iltration, wFuiU tho 
e'llitieiiey was at its worst — that is 
ti^ say, during the first half hour 
after the washing of the filter — it 
W'as new'er below 91) per cent. It 
takes but five minutes to wash a 
filter, and yet. within fifteem to 
twenty minutevs after the begin- 
ning of a new period of work 
the filter again acquires its normal 
cfiicicncy. It should be especialh^ 
noted that the filter.^ hav(» w'orked 
under very difficult conditions owing 
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to the presence o! numerous algas in the raw 

water (season of green water). Notwithstanding 

this the results of filtration con- 

tinued to be satisfactory. To cite 

but one example, the numb<^r of ff ^ 

bacteria, always entirely harmless I ^ 

in the filtered water, was on July II 

8th but 22 per cent., \vbi^o the raw 

water contained about 8,00(1 per 

cent. Uyx>n the whole, it is staterl that the 

new proe(*ss of filtration inodueed a w.iter 

perfectly limpid, clear, and practically frtc 

from the microbes of tin* raw Avat<*r. 

’'Oxidium. RehTcnce has l)c<‘ii iiiede to tin* 
results obtained by using polaritt* in filters. A 
new llltering rna,terial eiiipU)y<sl hj Mr. Candy, 
called “Oxidium," lias rcc<‘nfly Ixhui brought 
out, having properties similar to those of spongy 
platinum. It has been tlu' suhj(‘ct of ex]K'rimciil 
by Dr. Thresh in <*omparison with j)olarite, and 
he slates tliat oxidium reduced the tree ammonia 
00 per cent., and the organic ammonia .50 per 
cent., more than polarllc. 

Domestic Filters. 'Plu* examination of 
water that had he(‘n ])assed through tlx* various 
forms of domestic liltius that AN<‘rc mucli in 
vogue years agon as corilined .j’— 

to chemieal analysis only, and 

the dangers attending the 

employment of a filter tJiat I 11 

hadhcc()m(‘ foul with use were I 

not realised. When haclerio- I rJl ^ 

higieal tests enaldcd tlx* JL E f 

preseiioe of micro-organisms iV&SMSiVjl J 

to be detected the w hob* a s]x‘ct 

of the matter Ix’eame changixl. I ' 

Filters whi(‘Ji Jiad previously ' 

been used for a long time, WJ 

until some discolor.ition of i' 

the water, bad odour, or uii- i i 

satisfactory ehcmicaJ analysis [ 

caused them to he sent hack - ' 

to the makers to he ck*aned, ! 

wen* no longer regarded as 

affording safety. Many dis- 

tinguislied hach'iiologisls ex- feftgl 

amined domestic filters, and HH 

their juihlislxxl opinions 

showed that the majority of 

the old types of filters culti- 

vated, rather than destroyed, I 

There are a variety of ||| ‘iK f 
filters made on the ])rineij)Ie 
diseovtTed by J^isteiir aud 
Chamberland of employing ((^mpfimkr 
particular eaftlis which arrest disease germs. 
Fig. 14 show’s a cisl(‘rn filtia- expos<*d through 
the broken side of the cistern. 

It eonsi.sts of a galvanised iron frame with 
one or mon* rows of lilter-tuhes, connected by 


strong elastic collectors, and carried in a 
galvanised wrought-iron cage, llie eoUectorB 

t are connected with a 
main colleetor, of which 
the end projects through 
the cistern, and is con- 
nectod to a syphon pipo 
ft furnished with cocks for 
permitting the flow of 
filtered watc'r and for 
exixdling the air on 
® starting. The quantity 
d(*livered varies from 100 
gcJlons to 400 gallons a 
day, according to tho 
number pf row s of tubes. 
If a single tube only is 
used, as shown by tho 
illustration of the service 
filter [16], about 8 gaV 
Ions a day would be tho 
supply, with a water 
])iessur(* of 30 Ib. per 

16. UKKKEFi:i.I) lX)Mi:s’ITr , 

The BerKefeld 
Filter. Tho Berkofeld 
_ Killer is »in e\ccll(*nt om*. clT<*cting tlx* dc- 
* strmtion of disease gcims. The filtering 
medium is iu the form of ]X)n)Us hollow eylin- 
<I<Ts f»f v.irioiis si/.('s, madi‘ of what is d<‘scribed 
as kicselguhr, an infusorial or silioious earth, 
consisting ()f the fossilised skeletons of diatoms. 
The makers prefer tJie filter to be used with 
water under prc'ssure. Fig. 16 shows a filter 
of tJie II typ(‘. for ordinary house use. S is 
the inlet tap. T is flu* fiU«*red water outlet, and 
K is the flushing tap. 

A combination of the Hcrkcfcld filter and 
])uinp is shown in 17, called tho N typo. 
'^I’his lias h(*cn largely used by travellers, military 
men, and others who Jia\e to obtain their w’ator 
from sources wJiieh. if used unfiltered, would 
he ilangerous to h(‘<dfh. 

TJio filtering eylindiTs reipiiro pmiodical clean- 
ing and sterilising in order to restore their original 
filtering eapaeity. As all the impurities are 
<‘()lleetc*d on the outsidt* of the cylindi*!’, gradually 
producing a slimy coating, all that is required is 
to remove* tin* cylinder cai’efiilly from the casing, 
and w’liile holding it under a tap to brush it/ 
g<‘iitly with a pi(‘ee of l(K)fah, suppli<‘d for this 
purpose with ea(‘h filter, or with a clean brush, 
w'hieh must not be too hard. (Ireat Ccare must 
betaken that no soaj) or otluT greasy matter 
comes into contact witli the filtering cylinders. 
romph‘((* sterilisation can be obtained by placing 
the cylinder, after been cleansed by brushing, 
in a clean vessi*! with cold or tepid water, and 
then boiling for an hour. After having been 
boiled the cylinder must be allowed to cool again. 
Continued 
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T^EANTIME, continental Europe Avas dividing 
and subdividing, distributing and r(‘diH- 
tributing itself into distinct states, uhich w(Te at 
this time settling d<nvn into something lik<‘ the 
lines of demarcation they have since maintained. 
Many of thesis lines wer<^ aft (awards broken 
into and confusi'd, and realms Avhich were then 
formed afterwards became bleiukal by eireum- 
stanees with realms of superi(U‘ stnaigth. But 
even at the time when the Wars of the Roses 
came to an end the jM'oples (jf the European 
eoiitiiKMit' were beginning to form tluanselves 
into those staters, monaichieal or republican - 
for the most part monarchical — in v\hich tluy 
are represented in the maps of the present time. 

The principle of nationality counted for little in 
the formation of these (‘arly kingdoms and re- 
publics. Every rising state in Eur()[)e, and in many 
other parts of tlu^ world, Avcfit in for a, policy 
of concpiest and annexatit)n, aiid did not trouble 
to ascertain whether tlu^ newly-annexed region 
could be made a contented and adlu'ring j)art 
of the power that had comiuered it. Even in 
Europe many diHercnt nationaliti(*H were now 
made part of om* state, and, again, part of 
another ; continuial for generations and even 
for centuri(‘s to be parts of tlu^ dominions of each 
successivi^ coiKpieror ; then at Umgth broken 
away, and, by the force of victorious resistances 
established themselves as independent nations. 


The House of Capet. With the nagn 
of ITugh (\ipet began th(' moiiarehy of France 
as it lasted until tlu^ Frefieh K(* volution. Louis 
le Oros, who reigned from llOS to 11*17, did 
much to improv(‘ the condition of tlu^ country ; 
he regulated tln^ feudal system, abolished 
serfdom on his own estat(*s, and foumh'd the fn^e 
burgher class. J’hilipc Augush*, who cainii to 
the throne in 118t), took an active [)art in llie 
(’rusades. There w(To many wars in his r(‘ign ; 
he recovered Normandy. Maim*, 'roijraim\ 
and Poitou from King John of England, and 
defeated the (.humians in the famous battle of 
Bouvines. Ho made many improvements in 
the administration of the laws, created a (.-ham- 
l.>er of Peers (six ecclesiastical and six .secular), 
and from his reign dale tlu^ University of 
Paris, the [.lOuvrc, and other famous institutions. 
Many of the improvements in civil government 
initiated by him were continueil by his son 
Louis Vlil., and in 122(1 his grandson Louis IX. 
succeeded. 

Louis IX., known as St. Tx)uis, was bom on 
April 25th, 1215. Ho l>ecame a powerful 
sovereign, and by his victories compelled 
Henry III. of England to recognise French 
sovereignty in some parts of Franco wJiich had, 
up to that time, been under foreign rule. He 


suflVretl from a vtiry dangerous illness, and dur- 
ing the malady imukr a vow that in the event 
of his restoration to. h(‘alth he would go out to 
tlie East as a C'l usader. 

Louis IX. and His Reign. Ho recovered, 
and appointing his motiuq*, Blanche of Fastile, 
reg(‘nt of tin* kingdom in his absence, led an army 
of 4t),()00 men to Egypt. Tliere at first be met with 
success and eaptui ed Uamietta, hut it was not long 
liehin^ be sullert'd a defeat. He was himself taken 
juisom*!*, and only released upon paying a largo 
ransom. Ib^ did not, bow(‘ver, give up his 
crusading task, lait went w^itli the rt‘mains of his 
army to Aeic in l^ilestine, and ri'iuained in that 
regi(_>n until the death of his motlu*!* compelled 
him to ret urn to France'. 'I’liere he showed him- 
self an ahk.' and (*nlightened rule*?*, and by tho 
“ Pragmatic Sanction " d(‘t(‘rmincd the relations 
of tli(‘ Fri'iich (Jiurcb with the Papal autliority. 

The Pragmatic vSanction was the title given to 
the* ordinances of the Kings of France which 
arranged tlu* s('ttl(‘mcnt of Churcli and Stato 
atTairs. Louis authorised tin* founding of tho 
Sorhonni, a society of c(*clcsiastics at Paris 
fornu'd by Robert (k* Sorhonni*, devoted to 
tisicbing th(^ poor and tlu* st\idy of theology, 
lb* instituted tliroiigliout tlu* Frcaich provincc.s 
Royal Courts of .Justice, or Parlianumts, for the 
administration of th(‘ laws, and was tht‘ author 
of an entirely ncw sysli'in (l(‘sign(‘d to introduc(? 
C(jual legislation for • all (.‘lassi's. In 127b he 
started on a fri'sh crusade* in tla* East which cost 
liiin liis life ; Ju* dk-d in th(^ .\ijgust of that year 
of the plague at Tunis. In 1 21*7 I.K)uis was 
canonised by Popi* Bonifaci* VHf. He was 
uii(pu‘slionably a man of noble j)urposc, of 
gri'at ability, A\itb views of c([uitabl<‘ govern- 
m<‘nt much in advance of his agt*, and his 
reign marks an important epocli in the history 
of France. 

The States General Instituted. His 

son, Philip HL, wlio sucecediMl him in 1270, 
was the lirst to issue* titles of nobility conferred 
by letters patent. He also restonal V'^alois and 
other parts of France to the French Urow^i. 
Philip IV., called L(* Bi^l, avJio came to tlu^ throno 
in 12S.'), tried to secure support for himself 
against the prelates and the tcrritoiial nobility 
by giving prominence to the burgher section of 
the eommiinity. thider him tho “ States 
CJeneral ” was instituted, a reprosenbitivo 
assembly in w'hi(*li the farming and trading 
classes iH*ld a place and became the “ Tiers 
Etat ’’ of the nation, the nobles and the clergy 
representing the other two classes. In his 
reign the transfer of the Papal Cliair to Avignon 
brought the Popes under the influence of tho 
French Court for many years. By his three sons 
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and successors — Louis X.» Philip V., and Charles 
IV. — the rule of the i^^nch sovereigns was 
extended and also much strengthened. Philip VI., 
the first king of the House of Valois, succeeded 
in 1328 by right of the Salic J^w, which for- 
bade women to inherit the crown in France. 

In his reign and those of his successors, 
John and Charles V., Sage, France was much 
engaged in wars with England, which wta-e pro- 
ductive to France of nothing but disorder, enor- 
mous taxation, and wide-s})rcading arbitrary 
conscri})tion. The final d(‘foat by the English 
at the Bailie of Agincourt, in 141.'>, occurred 
during the reign of (Miarh^s VI., who came to 
the throne in 1 380. This king became insane and 
was succeeded by his sou Charles VH., 1..4^ 
Victorieiix, the Dauphin who w’jis crowned at 
Hheims hy Joan of Arc, in 1422. The only 
nmiarkable event of his r(‘ign, apart from this, 
WHS that he ohiained from lh(‘ Stat(^s (Jeneral 
a regular alloliTuait of tax('s for the mainh'iuiiice 
of a paid army to keej) in check the mercenaries 
and marauders who ])illag(‘(l the country. 

The Founder of Three Universities. 
Louis XL, the eldest son of ('harl<*s VIL, 
who had made etVorts to obtain t,iu» throne 
during the lifetime of his father and had then 
escaped for a time into Burgundy, suc(*eede(l 
in 14()L His reign was full of struggles with 
('hart's tlu^ Hold, Duk<‘ of Burgundy, and l.,ouis 
finally mad<^ a treaty by means of w'liieh som<‘ 
portions of Burgundy were given ov(U' 1o France. 
During his reign there wars betwian 

Franco and Austria, and liouis also recovered 
Maine, Anjou, and Provence, Louis XL had 
some good qualities as a. man, hut few' index'd as a 
sovereign, lie loved art, U'tters, and science, 
»and W'as the founder of t)jre(^ universities. He 
increased the nuiuhei* and the pow«T of the 
Parliaments, not from any enlightened ap- 
preciation of the repr(‘scntativ(^ prineipK*, but 
to s('eun^ for himself a hetbu- d(*f(me<; again.st 
some of his feudal vjissals. He passed his lat(*r 
years in abject misery eauscHl hy his morbid 
terror of death, and lie died at last on August 
30tli, 1483. 

The direct succession of the House of Valois 
came to an end with the leign of his suee(‘s.s()r, 
('harles VI IL, who by his iiuiiTiage with Anne 
of Brittany secured ihal powerful slate to the 
Cl own of France. 

Louis XIL, called Le Pere du Poiiple, was the 
only representative of the Valois-Orleans family. 
His rc'ign on the w hole tendc'd to strengthen the 
position of the ( Vowii in France, while it also 
helped to promote' the improvement in the eou- 
ditiou of the peoj[)lo. 

Francis I. J..ouis w as succeeded in lolo by 
Piancis L, of the Valois- Angoulemo bramdi, 
who. as well jis ('harles V'^lll., WcisUtd the re- 
sources of the state in vain atUunpts to establish 
a claim to Lombardy. He had four wars wdth 
Charles V. of Spain for the possession of Bur- 
^indy and Italy. He was made prisoner at the 
Bat tle of Pavia and taken to Madrid. In 1544 
he made good his claim to Burgundy, but had 
to renounce Kialy. His reign is famous for the 


beginning of the Eenaiss^moe axid of the Protes- 
tant Reformation. He strel|gthened the power 
of the monarchy and subordinated the power of 
the clergy to that of tlie Crown. An ally of the 
Protestant Princes of Germany and of Henry 
VI H. of England, he whs himself a Catholic. 

He WHS succeeded in 1547 by Henry IL, 
who regained Calais for France. In the reign 
of Francis Jl. — L559 to 15(K) — the House of Guise, 
a great f'aiholic family, became the most powerful 
ill the State. 

St. Bartholomew’s Day. Tiie history 
of France during the reigns of Charles IX. and 
Henry 111. whs little more than a continuation 
of the struggles hotweem t)u^ ('atholies and the 
Protestants. These amounted to civil wars, 
fierce and furious, and into them were imported 
the services of Spaniards, sent by the Duke of 
Alva, of Catholic Germans and Italian troops 
from Koitu'. .August 2tth, 1572, will always lie 
»cmcml)(‘r(‘d as the date of the Masstacro of 
Jh'otestants on St. Bartholomew’s Day, which 
was geiu'rally believed to have beim instigated, 
if not ai tually ordered, by (Charles IX. Many 
thousands of I’rotestants w'erc put to death, 
'rile King received a. let lor from Philip 11. of 
Spain assuring him that “in furthering thus 
the alfairs of (jlod, you are furthejing your own 
still more.*’ 'I'he massacre had not, however, 
any of tin' I'onsccpiences that Philip anticipated. 
'I’iie ( aJvinisI party, tlum strong in France, was 
luadi' strong(*r by ])(Tseciition, and at once took 
np arms. A new civil war began., and was only 
brought to an end hy the .settlement at La 
Kochelle. 

The Holy League. Chark'S IX. was 
su(s*eeded hy his brother, Henry HI., who was 
horn on September Dtli. 1551. Ho contributed 
to tlu' etVorts to suppress the Huguenots by 
military force, and he (;ven took a share in the 
.Massacre of St. Bartholomew. Henry was, both 
in public and ])rivate life, a man of licklo and 
uncertain temper. He was not even a genuine 
fanatic, for lu* was ready to support the llugue- 
not.s, or to jiei’si'i'ute them, according as advantage 
to hiius(‘lf could come from citlu'r course. His 
eliar;M*tcr was weak and dissolute, and he whs, 
like his brother Charles IX., mueh under ilie 
iiiHueiice of his luotlua', ('atherine de Medici. 
'I’he Duke of (hiise, one of the most powerful 
nobles of that time, formed a league, known as 
tJie Holy J..eague, to maintain the supremacy of 
the Catholics in Prance, and also to support the 
claims of the (jiiisc family to the succession to 
the throne. Guise, while besieging Orleans, wa.s 
assassinated by a Huguenot fanatic. I’his 
aroused the (Catholic party to fury against the 
Huguenots, whom they regarded as instigators, 
or at least abettors, of the crime. Henry 111. 
Iiecamc^ an ally of Henry of Navarre, and they 
joined in leading an army on Paris. 

Henry 111., the last of the House of Valois, 
was stabbed on August Ist, 1589, by Jacques 
CUiinent, a Dominican friaf, and he died the 
following day, after having designated Henry 
of Navarre as his successor. Henry of Navarro 
thus became King of France and of Navarre^ 
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By Professor SILVAN US P. THOMPSON 


Electrons in Gaseous Discharges. 

In tho last article some (ilemontary facts were 
given in substantiation of the modern view that 
electricity itself consists of definit(^ atomic quan- 
titicis called electrons, 'riie greater part of modern 
knowledge of idectrons has, however, l)een 
acquired by tho study of electri(^ discharges 
in gases, particularly in vacuum tubes from 
wliich the air has been more or l<‘ss pumped 
out. Suppose a glass tube [2531 to liavc a 
pair of platinum 

• I: / / into its ends, 

and to be par- 
253 tially exhausted 

by means of an 
air X)ump. L(‘t an (‘Uu lric discharge be sent 
through it by means of an inlUien< <‘ machine 
or an induction coil. At first thin s])arks flash 
through it ; but as th(‘ exhaustion procetsls the 
whole tube is filled with a luminous cloud which, 
at a certain stage, breaks uf), as shown in tin* 
figure. Near the anode. A, the column of lumin- 
ous gas is broken up into flickering striations, 
then comes a dark space, while the kathode, K, 
is seen to b(‘ surroundcnl by another luminoiis 
cloud, chiefiy in front of its surface, but se])ar- 
ated from it l)y a second dark sj)ace or non- 
luminous layer. If a mercurial air [)ump is used 
so as to produce a very high vacuum, this effect 
is further modified as follows. Tln‘ positive 
cloud retreats towards the anode and disaj)p<‘ars. 
The dark layc'r around tlie kathode widens and 
drives tho surrounding cloud away. With still 
higher exhaustion the dark space expands until 
it reaclu's the glass walls of the tube*, which tlien 
shine with a yellow-green phosphorescent light. 
It was found by ('i-ookes that this dark beam 
consists of sonu'thing which he called radiant 
mattery shot off in straight lines from the siirface 
of tho kathode ; and that if this dark beam of 
radiant matter is interee])ted by any obstacU^, 
a shadow' of that ob- 
stach? will be cast on 
the glass wall of the 
tube at; the opposite 
end. Fig. 254 shows a 
Crookes tube, in which 
a nndal cross, ,1, has 
been erected. The an < a , 
A, may bo set anyw'hcTo 
in tho tube. From the 
kathode, K, are shot out those kathode rays, or 
flights of radiant matter. 

Kathode Rays. Wo now know that the.se 
rays consist of negatively-elec trifled corpuscles, 
or electrons, diiven with an immense velocity. 
They bombard the walls of the tube and make 



it shine. Jf they ;irc c*onc(‘nt rated (by making 
the kathode! surface concave) on a bit of metal, 
they heat it. They cvin drivt^ around the vanes 
of a little mill if sucli he placed in the tube. 
Kathode* rays can be actc'd upon by a magnet. 

If, as in 255, ! - ^ 

a narrow' ^ .. 

st ream o f / - . - 

r a d i a n t 
matter from 
a kathode* is 
allowed to 
pass t hrough 

a hole in a diaphragm, and a magnet is placed 
near the tube, the stream is obst‘rv(*d to be 
d<‘flected in a curves l)y ihit magn(*t ic fh'ld, and 
cause's a bright })hosphe>re‘sccnt patdi to a))f)e?ar 
whem it touche'is the glass at P. Tin* tbre^ciion 
e>f the de*tl(H*tion she)ws the stream te> be 
negatively cle(‘triii(*el ; for lU'gative eorpuscles 
flying from K towarels P are^ electrieally 
the e*epiivale*nt e)f a (pe)sitivc) e'urrent llenving 
from P towards K. .According to the^ re^sesirches 
e)f Proies.s(U’ J. J. Thomson and otlu'rs these' 
flying negative* (‘hu'trons move w'ith a velocity 
somenvUat less than that e)f light, ivud act as 
tlie)Ugh they were* bodie's having e'ach a mass 
abend; ,, ,*»)(► as grt'at as that of thei atom 

e)f hyelre)g(‘U. The*y e*annot possibly he* atoms e)r 
ions, hes’aiisc their cnengy is far smaller than that 
e)f ate)ms we)iild be if tlyireg at the* same* enormous 
spcesl. More'ovcr, it make's no eiitlcrcnce te) them 
what kinel of gas was in the* tuhe^ to lu'gin w'ith, 
e)r what metal is use‘d as kathoele* ; thc! kathode* 
rays aie* inele*pt*nde*nt e>f the* kind e^f matter 
}>re*se*nt. 1 ^ 111 * kathode rays pe)sscss ])ce‘uliar pene- 
trating powers. Though the^y art-! sto})|M‘d by a 
tliiii wall of glass, the‘y e'an pass through a thin 
she*et eff aluminium whicii is epiite^ e)])aejuc to 
light. The-rc arc several e)ther kinds e)f rays 
])re)du(H'tl in vacuum tubes. One e)f the'sc, 
kne)wu as eliakatlioelc rays or canal rays, 
consist, s e)f pe)s)tivc e*lecfrons moving mue*h 
me>re^ sle)wly, and having e'ai'h a mass about 
the* same* as that e)f a hyelrogen atom. They 
are* slightly de'llcctesl by a magru't, and in 
the* e)pj)e>site direction fre)m the? katlioele rays. 
'I’he?y pre)duce? a different kinel of phe)sphor- 
esce?ne*e*, and can cast sliadows. 

Gaseous Conductivity. All gase^s in 
their ordinary state are nem-eonductors. To send 
any electricity at all througli ordinary air, even 
acrejss a gap of ^ in., reepiives an electromot ivej 
force e)f seve?ral hundred volts, and then, when a 
spark takes place, this is a disruptive discharges 
through the medium, not a cceiduction by it. 
Tho air does not conduct, so the discharge 
pierces a hole through it, just as it might through 
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a layer of oil or a thin sheet of glass. But it was 
found by Schuster that even a low elootromotivo 
force, such as 1 or 2 volts, will send a current 
through air, if at some other part of the con- 
taining vessel, or even in another vessel opening 
into the first, spark -discharges are being matle. 
The explanation of this is that when a series of 
spark-discliargi^s are made through air or other 
gas, some of the nioleeuk‘S of the gas become 
ionised^ so that a number ()f free ions arc? presemt 
moving about amongst tlie neutral molecules ; 
and as these free ions carry charges they can 
servo as carriers of electricity from the anode 
to the kathode?, by a sort of eleclrolysis. (Jascs 
can be ionised in several ways - hy the* etfcct of 
disruptive discharges, as w’c have seen ; hy con- 
tact with red-hol metal surfaces ; by beung shone 
upon wotb ultra-violet light ; by molecular 
impact between t he gas moloeul(‘s ; and, as 
we shall see, by the influence of Beintgen rays 
and of radium. 

Electrons and Molecules. One (on- 
ception of el(‘ctrons is that they are minute 
electric eorpusel(*s whicli ^tanc(? attendance on 
•atoms, as though tlu'V w(‘re satellites atbmdant 
upon some plam^t. If an electron (negativ(') is 
separated from an atom of a gas, that atom 
hecome.s a positive ion. and it is pr()l)abl«‘ tliaX in 
ordinary gases, wlu'n ionised, tin* (‘h'ctron joins 
itself to a neutral atom, thus transforming 
it inh) a negative ion. In an ionis(‘d gas any 
electritied luaiy loses its charge, for it. attracts 
to itself the oppositely elcctrilicd ions, and 
they neutral is(» its charge. A neutral molecule 
will consist of a ])ositive ion and a negativ<‘ ion 
in conjunction. 

Electrons in Movement, 'I'he con- 
clusion is forced upon ns by the observed facts 
that electrons in movtoiusit. wlu'tber Hying free 
or carrying atoms of imittcr with them, as in 
el(?ctrol 3 'sis, arc? an elect lic current. Whenever 
they ar(; moving along in any clireelion they set 
up a magneti(! fi(‘l(l around them, and tli<*. 
ju’esenee of this surrounding magnetic field, 
which is the essential thing in the phenomenon 
of the self-induction of a current, acts as ari 
inertia. This has led Ta)dg(' and otliers to specu- 
late whether tlie ordinary inertia of m tter is 
not really due tg the self-iuduetiv(‘ elTeet of the 
electrons wliich accompany the atoms. The elec- 
trons in tlie kathode rays travel with a spec'd a 
hundred thonsaml tinie.s greater than tlie speeil 
of a rifie-bullet. Th(*ir inertia is j)rov(*d by the 
mechanical impact tliey exert ii]K»n tlu‘ vanes of a 
mill as mentioned above. 

So long as the movement of the electrons is 
uniform and in a straight line, tlieir inertia and 
their surrounding inagru'tie etlect is constant ; 
but if their s)ieed changes, as wlien they are 
suddenly stopped or suddenly started, a new 
effect appears. During the period of change of 
speed the eU?etron sets up w’aves in the sur- 
rounding ether, which travel off from the source 
with the speed of light. The more sudden the 
statiing or stopping, the more violent will he the 
ctheric pulse. If the electron vibrates, or oscil- 
j ktes, or revolves rapidly around an orbit, it will 
off regular trains of minute waves, and these 


constitute the ordinary waves of light. Radia- 
tion, in fact, is caused by the vibration or 
revolution of electrons, or of the atoms with 
which the electrons are associated. 

Rontgen Rays. Whenever kathode rays 
in a very highly exhausted tube strike on any 
surface they giv^o rise to new and more pene- 
trating rays, known from their discoverer as 
Rdntgen rays, , 

or X-rays. A* 

special form of ^ 

R ii n t gen - ray 

tube is de--/ -\ X 

picted in 256. 

Here a cup- 256 

.s hap (I ka- 

thode. K. eoiictmt rates tin? radiant matter 
that is shot off from it. upon a little plati- 
num )ila"tc, T, wiiieh serves as a target or 
ntdihiihode. From this target are emitted the 
RdritgcMi rays, which arc observed by the 
light they excite u])Oii a fliioreseeiit screen, or by 
their aidion on a photographic platt*. It is these 
rays hy which thc‘ hones of the* hand or in the 
living liody canhe s(‘en and photographed. They 
an*, like the waves of light, movements in the 
( thcr ; hut sudden, irregular pulses, not periodic 
waves, ’^riicy travel wfith the same speed as 
light. They rend(‘r electrically conductive the 
air through which th(?y pass, by kmising it. If 
tli(‘v fall on a charged c](?(*tros<!ope it is dis- 
charged ; <nnd Ihe rate at wfiiicdi the instrument 
lo!.<‘s its chargt? can be used to m(?asure the 
inten.sity of the rays. 

Radium and its Rays. Tlie discnvei’y of 
the Riintgon rays stirred up otlu'r investigations, 
ami led to the discovery of the lunission hy the 
imdal uranium and its comjiounds of some highly 
])(‘netrativ(‘ rays, known as Bcrqupt'rl mi/s, from 
tli(‘ discovery having Ixm'u first [uihlished hy 
Bee(pi(M*(?l, thoiigli independently discovi^red hy 
the writer. It was then found hy Madame Curi(? 
thn.t one of tlie ore.s of uranium, calh'd jiitch- 
bh'iide, was mon' powerful than uranium itself. 
TJiis led M. and Mmc. Cuiie to discover in 
uranium rt'siducs tin* wonderful and excessively 
r;i.re. metal radium. By patient and laborious 
chemical analysis they succeeded in st?paraling 
a nearly jiiire salt of radium. But each ton of 
th(‘ miiKTal furnishes only a f(;w grains of radinra, 
and each grain of Tadium costs about £00, wdiich 
is at (he rate of £2fi,000 per ounce. The rays 
(‘initted hy uranium and by radium have the 
property of t?ausing a charged electroscope to 
discharge it. self. If a j>ie(?e of either of these sub- 
stances is p]ac(‘d near an eleetroseoiic, like 250 
(page 4022], the gold leaves fall together, the 
time taken foi* the discharge depending on the 
ae ti vity of the specimen. Samples of radium have 
been produced whicdi are a million limes more 
t)owt*rf ill than an equal piece of uranium. Radium 
has been found to emit three different kinds of 
rays, known as the alpha, beta, and gamma rays. 
The alpha rays are believed to he identical with 
the diakathode or canal rays, and consist of 
atoms positively charged. Tho beta rays are 
practically the same aa the kathode rays, and 
consist of flights of negative electrons. The 
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gamma rayg are practically identical with 
Rontgen raya. They are extremely penetrat- 
ing and will pass through a steel plate an inch 
thick. If a small piece of radium is put into 
a hole drilled in a block of lead, placed upon 
a sensitive photographic plate, and suhicc^tccl to 
a magnetic field, f ho beta rays ar(^ dcHoctcd in 
circular paths by the magnetic infliu'nce, and act 
on the photographic; x)lato at onc^ side', while the 
aipha rays are slightly deflected in tin* opf)osite 
direction. The gamma rays arc^ not deHc'cted hy 
the action of the magnet. This is illustrated in 
257, where the elireetiem 
of the magnedit^ 
is perpcMidieular to the 
piano of the paper. Tho 
alpha rays have very 
little; penetrative powe;r, 
V\1 A'--- ste)px)ed by even 

i^^^"*** SN ^ sheet, of x>apc:r. 

m 11.' Tf a fluorescent s<re*cii 

milder of sulpliidci of zine; 

257 is held ('lose; to a minute 

spe.;ek of radium, it is 
noticed that a luminous spot af)penrs, duo to 
the action of tho alpha paitiele;s. Examining 
this spot in a microscoije;, Trookes obse rved it 
to preseuit tho ai)i)carane(; of a shower of sparks. 
8trutt has devised a most ingemious pe'i petual 
clock [258], e^onsisting of a gold lend 
electro.se‘e)pe‘, L, susjjcnded on an 
insulating sup])ort, S, with a milli- 
gram of radium cnelose^d in the* lube, 
T, e*neling in a brass box. B. Tht^ 
hda rays euniltod from the radium 
carry away ne*gativo ckMtrietty, 
h'aving tho c'h'etrosoope; pe>silivcly 
charged. So its gold leave‘S gradually 
diverge until one of them touehes 
agjiinst a plate of foil, F, e’onnccted 
to the; enirtli. This contact dis- 
cliargcs the elect roseope*. and the* 
h.*ave*s dro]) down ; but. they slowly 
opem again until they again dis- 
charge; ; and so ejn, ineh‘iinitely, at 
pcTfectly re*gular intervals of time*. This 
“ clock ” will go on until the nwlium lose*s its 
activity — a proee'ss jnobahly rcepiiring thousands 
of years. 

Energy of Radium, Bedside the-se rays, 
radium and its com pounds— for cxam])le‘, the 
solution of chloride; of radium - slowly give; off 
a heavy vapour, called the vmunaHon, whie-li 
forms do j)osit 3 on tho surrounding surfaces and 
makes them also radio-active. Me)re snr prising 
still, radium is found to be alw ays slightly w armer 
than its surroundings, and is thcrcfejro con- 
tinually giving out energy. To aee^oimt for this 
apparently i)er}>ctu<il supply of energy, Kuthei - 
ford has suggested that the atoms of radium 
twe themselves slowly disintegrating, this disin- 
tegration being accomxmnied by an evolution 
of their intrinsic energy. I n fact, the emanation 
slowly chaijiigcs and evolves tho gas helium. 
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Radium appears to undergo a soricij of trans- 
formations, some rapid, some slow. Tho atom of 
radium, when it parts with an alphca particle, 
be.H;omcs an atom of the emanation ; the atom 
of emanation, when it disintegrates, ])arts with 
another alpha particle, and hcMiomc's a solid called 
“radium A.” “Radium A'” ra])idly give*s oft 
another alpha x)artie*le, and becomes “radium 
B.” “ Radium B ” is transfen nied inle; “ radium 

without any emission; but “radium 0 ’ 
givc*s oh not ejnly alpha particle's, but aIso h(‘ta 
and gamma rays, and changers to “ radium 1). ' 
'riiis is a vt'ry stable product, hut it is slowly 
iransforme‘d without (‘mission into “ radium E," 
which give's oh hc'ta a-ud gamma rays only, and 
quickly change s inte; “ radium F. ’ The tiiml 
result of all tlu'se transformat ie)ns is y<;t uncer- 
tain. but aj)parent]y the original radium it.se*lf 
e'hanges so sh)W'ly that in I, .*100 3 ^ejfrs it would 
be; only half t ransfeumccl. The rapidity of these; 
change's is exaininc'd f>rineipally hy aid of the; 
e;l<.;e‘t roseope 1250, i)age; 4t)2*21. It is ehargeal, and 
the raelio-aetive substance to he examined is 
brought nc'ar it, the; rate* e:>f the* discliargc so 
prejdiiee'd being note.'d. 

Be'sides uranium and radium, a.ne)Uu*r heav^ 
metal, thorium, possesses radio-active' properties 
and. emits rays. 

Aec'ording to Ramsay, wlu'U an atom of a iiu'tal 
lose's :\.n e'lc'ctron it is tra.nsforine*d into some otlu'r 
eleme'nt, but may ge> through a serie's e')f transfc;r- 
mations. No atom can lose; or gain an elc'ctron 
without ex})e'rienoing a cluinge; in its propertie's. 

Matter and Electricity. It is then 
see'n that e;lectrieity, though usually assoeitite'd 
with the molecules anel ate)nise)f matter, can — at 
h'asl, in the; ne'galive state — he; re.;e'e.)gnise*el as 
e'xisting in minute; epiantities or e*e)rpusele.s having 
apxiare'iitly a inass l,tMH) time's smaller than the; 
ate>ms e)f matte'?-. ,Me)re‘e)ver, it ha,s he'iai she)wn 
tliat when incandescent boelies a-re' (‘initti?ig light, 
that, wliie h sets up the light waves in tin* ethe)- 
is the; rnove'inents of the ne'gativc I'li'ctrons in 
vihratieiTi. W'liat the; pii'cisi; relation e)f the; 
e leeti’on to the' ether itself may he is a. matter tor 
spe'eulation. A furtlu'r speeadation is that ?ill 
mass — that is, all ma.tte*i- — may consist e)f 
sy.s((‘ms of elee'trons. Brofessor J. J. Thoiiv'e)?! 
lias suggi'.sted tha-t the a-tejms of tlie* ordinary 
elements as kne>wai to tho chemist may eemsist 
of systems e)f negative eeu-puseles gie)U[)e-el about, 
a central mass of })e>sitive ele'ctrieily, some; sueli 
grempings being stable, e)t.he‘is unstablo. Any 
unsbible* gi'oups might re'adily emit some of their 
eorf)Use'.le;s and eluinge to otlie;?- me>re sta-hh; fe>rm.5 
of le)we*r atomic weight . 'I'Jns might Jice ount feu* 
the singular tra-nsfoi-matioiis of railiuin and th-'. 
electric phenomena acee^mf)anying the emana- 
tions anel r?iys which it emits. \Vc nniy be; yet 
very far from having arrived at finy final know- 
Je;ejge; e»f these; re;laLions ; but this is at le;ast clear, 
that ii gi eat ele*al more is iie)w known about the* 
nature of electricity itse'lf than was known 
ten ye;ars age). 
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weaving of the warp and weft so as to make 
the darn imperceptible. 

Felting Cloth. Few operations in the 
woollen trade liavc been the occasion of so much 
speculation and controversy as this one of 
felting. Everyone agrees that woollen cloth has a 
felting property, greater in some wools than in 
others ; but there are wide dilferences of opinion 
as to what constitutes the felting piopcrty. Yet 
the facts arc plain and siiupK*. The woollen 



thread, as we have noted often, is loose and 
open ; wetted wool beeoiiK's flaccid and tends 
to cling. Wool fibrils have serrated edges. Sup- 
pose the wool fibres have been soaked, and they 
are clinging together for mutual support, by 
bringing pressure to bear f)n t}i<*ni w<' can eon* 
firm the cohesion. But the fibres may leiul to 
return to their former relations wluui dry. Sonu' 
other factor must he brought in, and that factor 
is the 8(‘iTated eJiaraetoi' of the wool. 'Phe .scales 
of the outer skin of the fibres li(' over (*aeh other 
like little plates of armour. When th(‘ wool is 
dry, the sealers stand out, and uncka* w'ater tend 
to lie (hit. Moreover, the seak's atx^ elastic, and 
spread out under a sharj) blow or sudden pr«‘s- 
siire. Our factors are all gathered, and we shall 
try how they work out the theory. Fill up flic 
cloth with a gtvnsy substances easily discharged 
and of watery consisleiicy ; ])ut the fabric under 
pressure at once elastic and firm. The fibres 
cling ; tile pressure brings flu* loose thread 
close ; the serrations gri]) info and hold on to 
each other wdth a thousand little teeth — the cloth 
is felted. 

Fulling. Soft soaj) is tlie greasy substance 
used for fulling out the cloth for the f<‘Iting 
machine. The soap greases the lihres, making 
th^ slip easily over one another, acts as a kind 
of protecting pad to the threaxis under pressure, 
or the blows of the milling stocks, and is easily 
discharged. The web of cloth is joine<l in an 
endless band, and strctelu^d on the rollers over 
the fulling trough [189), where it is lilk^d with tlu? 
soft soap. Being ho easily discharged, the soaj> 
requires to be renewed s('veral times during the 
felting process. 

Milling StocKs. The oldest form of felting 
macliino still in use is the milling stocks. 
A pair of wooden slabs, with large heads, are 
geared on a frame above a sloping, iiarroAv 
trough [190]. The heads of the stocks rest on 
the. bottom of the trough, and the function of the 
gearing is to pull down and let go the end of each 


stock alternately. By this action the hc^s of the 
stocks fall by their own weight on the sloping 
bottom. When the cloth has Ixxm tilled with 
soap it is laid on the fore-end of the trough, and 
as tins stocks beat alternately upon it. it is slowly 
drawn to th(^ other end. Here wo liave all the 
requisites of felting — the soap, the watt'r, and 
the elastic beating of the fibres into close 
union. 

Milling Machines. Tlie stocks have failed 
to satisfy tlu* tkmuIs of woolkai manufacturers 
in a variety of ways. Probably the most sorions 
ohjcelion to them is that, they are slow' in action. 
New forms of milling maehin(*s have lM*(*n placed 
at our dis])osal. very similar in structure though 
difTcring in minor details. Fxainining one we 
obtain an i^k'a of the wdiole class. On th«? fore erul 
of till? machine fl91 ] is a slotted guides board, wot'n 
stop motion ; abovt^ it is the guide roller, beyond 
wdiieh exlcauls the contracting tulie ; th(5 felting 
rollers are ginned Ixhiiid, forming the oml of 
the niaehiiu*. Tw'o kinds of felling rollers may Im^ 
used in th(‘ same* machine if flosire<l. Most 
eommonly tluMinder rolle’* is Hanged at. tlu' sides, 
wliile tlie up]>er roll(‘r is plain. But, to harden 
the grip on the cloth, fuie roller is sometimes 
matJo eonv(‘x and the otli(‘r (roiuvive. When 
Avorking, th(‘ soaped weh is laiti on tlu^ guidt^ 
hoard and led u]) ov(‘r the guide r(»ller, through 
the contracting tube, and hetwiicri the felting 
rollers, which draw and felt the, cloth, drawing 
the tihri's closer and (“loser. On this machine the* 
soaping must be frequently r('ru‘WH‘d and care- 
fully \vateb(.‘d so as to prt'vent fri(.*ti(.>n. 
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Shrinkage. Tlu* degree of felting twqhmds 
a good deal on the character of tJio cloth. The 
amount ot shrinkage gemually aimed at is from 
T) in. to 7 in. on the widtli of narrow <;loth, and from 
10 in. to 12 in. on broad (’kMhs. Fine twills and 
fancy woolkuis are seldom more than half mille<l. 
When a heavy cloth comes out of the felting 
maehim? neither warp nor weft should show a 
single open thread. 
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Milling Felt Cloths and Carpets. 

Fcilt cloths and felted carpets of all kinds require 
to be severely milled. Milling is an indispens- 
able part of the manufacturing process of felt, 
not a mere finishing operation. When the 
felts come from the sulphurising- 
roorri, they are rough, harsh, and 
diy. On the fulling rollers the 
pieces are literally filled with soap, 
to endow theun witli the needed 
elastieity and to soften th(i libn's. 

As a rule, felts are milled on the 
stocks, because tlie heavy mallets 
work slowly ovt‘r every fibre of 
the fabri(\ It is al)soIut(‘ly im- 
perative that; the milling of lim* 
felts should be repeal (-d ov(‘r and 
over again till not a loose hair 
is visible. Fim* h'lt should bc' 
intlistinguishabl(‘, iii outward aj)- 
pearanee, from the liiu'st sufierline 
cloth. W(‘ have atlditiniial uusins 
of pulling on a good linish, which 
shall be noted in time, but nothing 
can compensate for weak milling 
on the stocks. 

Scouring and Stentering, 

At this jKiint tlu' depart ui>‘s in 
praetic'.e a.r<‘ so numerous as to 
eall for notice. Wv may I'ombine 
scouring with milling, and many 
combiiK'd milling and seouriug 
ni'ichiiies jire in ust‘. Again, 
some cloths arc sent direct from the scour- 
ing to a diying and stfuittuing, or fenferimj, 
rnc.cliiiKN wdiilc otlurs rc(iuii‘(‘ more* ela-borate 
and careful trcatnuuit. ('lu* very common 
practice is to scour, half-dry, and llicii 'ntf/e. 
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or age. To cuttle, is to fold the cloth up in a 
damp condition, and let it lie for a few days. 
In any case we come to the stentering. 

This macdune is used in many departments 
of the textile industry, and is w'ortn detailed 
attention. The main object of all 
stentering machines, of w^hatever 
model, is to stretch the fabric to 
its utmost breadth and width, 
and to confirm its form. Tht? 
main structure of the sUuitering 
machine is two parallel lines of 
framing, fitted with hooks or clips 
to grip the sides of file cloth. 
When tlu* cloth is introduced, the 
ends of the framing are so near 
to each other as to allow lh<? 
c loth to b(‘ easily elip])ed in. But 
the* meidianism is designed to draw 
the frames afiait Avhen(*ver the 
maelniie is started. While tile 
cloth is being drawn in on the 
long frame, it is being streU‘hed 
to its utmost width and lt‘ngth, 
and th(' r(*lation of ev(‘ry thread 
ke])t true to eveuy other. 

Teasling, or Nap^raising. 
iiie cloth yet lacks that siiiooth- 
lU'ss of lexlnn* which is eharac- 
ti'i’istic of a wa'll'linished cloth. 
Viewed through a magnifying 
glass, it priisents the apjiearanee 
of a. ruin-swatlu'd and unshorn 
meadow. It must he shorn levc*! ; hut if that 
were att(‘m])ted without, due preparation the 
result would l)(* vejy unsatisfactory. To make* 
sure that all the inecpialities shall be removed, it 
is m‘cessaiy to laisi* them all up. i’liis operation 
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ift accomplished by the aid of a oone>shaped 
burr, spiked like the head of a thistle [192]. 
The plant on which the burrs, or toasles, are 
grown, named Dipsacus FvUorum, is cultivated 
in France and England solely for the woollen 
industry. Yorkshire teasles are highly est coined. 
Looking into the cones, wo see that the s])inc‘s 
are sharply hook(5d, and pointing downwards 
from the top. Smooth and clastic, the 
spines are evenly set, forming an exquisitely 
proportioned teaser whic.h w<^ have vainly 
sought to supersede by mechanical arts. Tin* 
teasles arc fastened in horizontal rows, two dt‘ep, 
on the frames of the gig cylinder. The raising 
gig is a simple machine [195]. The teasle fnxmes 
are mounted on a wide eylind(‘r composed of 
staves fixed on llu^ spokes of a driving shaft. 
Close to the cylinder hangs the cloth beam, 
and extending over like a canopy is tin*, frame 
which, in conjunction with a driven s(;ray in 
front, holds the web taut, and s<‘nds it round 
upon the gig cylinder. The cloth frame and 
beam run in the direction opposite from the 
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motion of the gig cylind(*r, thus working the 
surface of the cloth against tlie teasles. 

Cropping. Looking along tli<* surface of 
the raised cloth, W(; see the fibn^s standing up 
irregularly, some long and floating, others slilf 
and short, and all mingled with tlutV. T() fn*e 
the fibres and make them stand ch‘ar we employ 
what are called sefting-np brushes. This may 
be done cither on a s(‘parate machine |196], or 
by brushes on the cropping macliiiie [194]. For 
latter, which is tlie. most up-to-date method, 
good machines, resembling in framework the 
teasling gig, have been devised. ^Fhe setting-up 
biTishes occupy the position of the tt?asling 
cylinder, and beyond these is the spiral cutting 
roller. Knife-blades form spirals round this 
roller, which revolves on a cutting bed. Sfune 
of the simpler machines have ledger blades for 
setting the naj> against the cutter ; but the 
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best aud ucwc.sl machines an' dilYcnuit. Makers 
of cropping machiiu's undertake to supply any 
form of rest or he'd, 
from the fixed solid 
to the clast i(^ rubber 
rest [197|. Hard, 
heavy clot lis can best 
be rut on the solid 
ImmI or ledger hlad<»s ; 
l)ut the greater 
variety of elolhs re- 
(juire an adjustment 
more delicate. To 
obtain a smooth .sur- 
fac(‘, th(?oloth may bi? 
])assefl 1w'i(!e, tliric<\ 
or ofb'.ner, through 
tli(^ machine. 

Brushing and 
Steaming. This is 
tlui beginning of jiii- 
otluT st.'ig(' in the 
lijiisliiiig process. 
I’lic fabricr is smooth, 
but t\vospi*(‘ial quali- 
t i(‘s :ii (‘ yet wanted. 
Th(‘ Kurfa(*e should 
bi' lustrous and resist 
the spotting of rain. In general structun^ 
the brushing and steaming m.ichiue |193J 
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closely resembles the teasling gig. Tlio st<^am- 
box is placed in front of the main body 
of the machine, and the brushing rollers 
n^volvo behind it. A acray before, and a 
canopied frame, with rollers, above, carry the 
cloth rouhcl, bringing it over 
the steam ing-box and through 
the brushing rollers. When it 
emerges from this nuKrhine the 
cloth has a superticial finish, 

'hi<?h is to be (lc(‘pene(l and CL.— 

confirmed. 

Repeated Operations. 

After brushing and steaming, 
the cloth is handed on to t!u‘ 

Imrl'ers, who makt^ a second 
insp(‘etion and take away tin* i 

small knots and loost^ thnsids ^ ' •“* 

recent opt'ratioiis )iav(' hrought 
to light. Next, tl»e fine da?'ners 
rej)a.ir any litth^ InMes which 
may have sliown t lu‘ms(*Iv«‘s. ''riu'n the doth is 
press(‘d in one or otlier of tlu*. many kinds of 
pressing a.{)plianees at tin* tlisposal of the t rad<‘. 
in former days, tln^ cloths w<‘ri‘ folded o\er 
thin and glossy slna'ts of past (‘hoa rd, a bo.'.rd 
hetween (‘a(di fold, and laid in the ]>n‘ss, 
which Avas stuunved dowji by strengtii of 5irm : 
but that fashion lias almost gon(‘, and now the 
jircssing is done on a vari(‘ty (Af in:ichin(‘s, 
ranging from the siiiijik’! hydraulic to the eom- 
phix rotary pressing nriehim*. A s(‘eond st(‘a.m- 
ing follows, 'rh(‘ ohj(‘(d. of this is to impart^ 
lustn* to the fabric, and one very good undhod 
is to wind tln^ ekjth I’onnd a ])erforated roller, 
or tnlx*, one (‘iid of tin* tula* h(*iug sealed, while* 
the other is thr<*aded 

for a screw joint. A Z: 

s t c a m - p i p (* i s 

screwed on to the _ 

roller, and tin* steam 

blown through the . 

doth. OiA^eii another ^ '“'q J ' 

brush tin* doth r if' I 

again pressed, care* ^ ^ iii I 

being taken that tin* 

foldsof the first pr(*ss- ' \" I'l'l'l'l' i ‘ I - 

ing are not repeated. r7> . ; jjl 

When brought out J ' ' i ' i ' i m 

of the press, in which ' -r-r I ' | ' 

it should he kept for — | , 7 1 ' * ‘ < 

a day, the dofh ' ' I 

needs but a litth* | 1 

brushing to inak(* I • i 

it fit for the oiifside i, ,'i ! i'i.l * 

market. ll'l''! '!(' V . 

Cloth Charac- 

ter. It cannot bo '.V l j’ ' i* 

too strongl 3 ^ em- — - . - 

phasised that the 

lintshing process is «nnivi 

be, a rigid .system. Before the cloths arrive 

at tho^ finishing department they have taken 
on a distinctive character, which requires to be 
considered. Every class of cloth has to be 

finished according to its own nature. 
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^ Worsteds. Except in one particular 
worsteds are finished by the same process as 
woollens. But this has to 1x5 specially noted. 
Worsteds are not felted ; the beauty of many 
worsted cloths largely consists in the patterns 
^ which the threads form on 

the surface ; if felting w'erc 
resorted to all the Aveaver s 
trouble Avould be thrown aw'ay. 
StA haA'c s(^en, all kinds 

-iJ LU - Jv cloths composed of avooI 

fibres have a t endency to slirink 
in Avat(*r and under (dianges of 
t('m]M*r{iturt*. Tlujugh AA Ovt'U of 
thr(‘ads tinel^^ simn, a cloth, 
unless otherwise prepared, Avould 

he certain to shrink in Acater, 

J — J and the .shrinkage would be 

v(‘rv readily confirmed by the 
veiiiNECLT nn‘rest juessnre. 

Shrinking. 'I’heonly Avay to 
prev(*nt irregular shrinking of Avorsted cloths is to 
shrink them thoroughly in the facdoiy. After being 
seoured and tb i(‘(i, the cloth is damp(.'d and hung 
up (_>n the shrinking machine. Shi iiiking me/ bines 
Mi-4‘ varion.-^, but we shall examine a veiy eflicieni 
and typical om*ll98|. In the slirinking-room, an 
endless chain extends betAAcen tA\ o Avbet'ls, lixedat 
oppositesid(‘s()f t heapartment ; the (*hain supports 
rndswbieb bold the elolb siisfMuidod. Tlu* fore 
i*el has star points whi<‘b bring the rods in 
* byoiu*. and let tlu‘mon to the chain. From 
fe(*d rollers a!)ove the machine the cloth 
i(‘s down on the far side of the rod, being 
light in by the stiir anIu'cI, atul Avheii the 
K* r(*(piir(*d depth, a 
proj(*ction from the 
tianu; automatically 
L.j li olds t h 0 cloth 

j a ga i n s t t he r otl. 

j Avhih? tin* chain goe.s 

j forward the bn *0 dll i 

1 ; of a link. Being 

V; lu'ld, and so pre- 

P . vented from falling 

oV? the cloth 

U- I'l jTit| (i(Co)^ naturally makes a 

;j ; I 'i \r fold and tuni.s up- 

t ; i I i ; jiiL--.' - . _ ward, falling over 

--'i ' ~ rod on the 

.'j b chain, which gives 

ncth I s j it another point of 

, I ;! i ^ descent. IntbisAvay 

li |i. ' ! r length of 

jj! ',1 the Aveb is suspended 

' i^^ fold after fold. 

! I : i 1 ! I ' i 1 1 ! I * i ^ Wlien the cloth has 

^ .shrunk and dried 

^ / tlio apparatus is 

reA^ersed, and the 

cloth is rc-deli vered 
MACUINE A .Lt t 

to the beam. 

With thr ditT(*rcnce avo have seen, w'orsted 
cloth.s arc finished in the same Avay as Avoollens. 
8courod, burled, darned, bruslied, steamed, 

pressed, steamed, and again pressed, the w’oven 
fabrics are carefully finished. 
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BOX AND BALK JOINTS 

BUILDING 

Joints Used in Box-like Constructions. .Butt, Rebated, 

29 

Mitred, and Dovetailed Joints. Fished and Scarfed Joints 

f'ARPKNTHY 

i'OuUnnr»l fruni 


(Oil 


By WILLIAM J. HORNER 


Joints Not in the Same Plane. Wc 

now come to a clans of joints (*mployed 
more in small work than in large, aiul (‘ons<;- 
quently more used in joinery and (“ahiiiet- 
making than in carpenitry. 'I’he weaker and 
more refined forms, such as thc^ seerei dove- 
tail and mitre joints, are scarcely used at all 
in carpentry, but the rougher and stronger 
ones are necessarily employed a good dc^al 
in all woodworking trades, and as we an* dealing 
with joints in general it would be ditlicult to 
select some an<l omit others that are in us(i, 
though only occasionally ado])ted in carpenters’ 
work. The edass of joints about to be <leseribed 
are those employed in uniting wide and com- 
paratively thin pieces of wood at right or 
other angles — as, for instance, in boxes and 
cases of all kinds, drawers, et(‘. 

As in the earlier joints described, wc liavt^ 
first the simple butt joint [199] held togetlun* 
by nails or screws, (diuj is of no use for holding 
such a joint, though on ran* occasions it might 
be employed as a slight reinforetnnent to nails 
and screws. In such ii oas(^ the pores of the <‘nd 
grain must be stopped by ii preliminary coat 
of glue, which is allow('<l to dry la'fore applying 
fresh glue U» unite tlu^ i)arts. d’his, however, 
does not make a strong glue joint, for that is 
impossible where end graiii is eointerned. Tlu" 
ordinary butt joint, nailed or screwed, is com- 
monly employed for all kinds of rough Avork 
where ends meet at right or other angles. 
Ordinary l)oxes, parking eases, etc., arc usually 
nailed together with butt joints, as shown in 
199, the piece which laps over tlie (*nd grain 
being usually tlu' longer way of the ))ox or 
other structure, and tlu' ])ieco iK'twetMi the 
shorter. If the box measures the same eaeh 
way, of course this rule cannot apply; but sides 
and ends are always kept uniform — that is, 
ends always fit between and sides lap over. 

Improved fiutt Joints. An improvement 
on the plain butt joint is to rebate tlu? end (200|, 
thusforniing a shoulder, Avhieb jirevents the end 
piece from being knocked or forced inwards ; and 
WA the side abuts against the end, both pieces are 
able to resist external pressure without injury 
to the joint. If the rebate (uit as in 201, an 
inch or so of wood exU*nding beyond the end 

S iece, the latter wdll be a ble to resist also a great 
eal more internal pressure than if simply depcuid- 
ing on nails or screws, as in the two previous 
examples. Another advantage of the exteridwi 
end is that the nails are less likely to split tluj 
wood or break out of it. In many cases, how- 
ever, there are serious objections to having such 
an ext^sion. Another joint with extended ends 
but without a rebate is shown in 202. In this 


(^ase a batU'U is naikxl across the t'xtension 
for the end piece to l)t>ar against. This practically 
forms a rebate on the outside which enables the 
c‘nd to withstand outward prcss\irc — just the 
reverse of 200, in fatd. This is useful in work 
that is frequently t aken apart, because tlu^ batten 
strengthens and keeps the side from warping or 
splitting. Fig. 203 shows a batten on the <md 
piece instead of on the side This is a methcxl 
commonly adopted in making packing eases, 
tlie end being thus strengthened and the lap of 
tht‘ joint increased. It is simply a rc^petition 
of the butt joint, but with the end thickened and 
fortified. Another variation of this is showm 
in 204, in whi(d\ tlu; joint is strengthened by a 
batten or block insid(‘. Fig. 205 is a method 
of making a corner jf)int with extended end so 
that it will stand either tension or comprcKSsiou 
in any direction. It is done by making a 
veed or dovetailtnl r(d)ate, into which the end 
must he slipped sidiwvays. This involves more 
work in making than any of the preceding 
joints, and for som(‘ purposes the extended 
(‘uds would be obji‘etional)lc. It may be sim- 
plified by dovetailing only one side of the rebate. 
Fig. 206 kIiows anotlu'r form of rebalc<i joint, 
ill W'hicli th(^ rebate is made V(‘ry narrow, ex- 
tending from the irunu’ faccj of the end pieces 
to only about one quarter or a third of the 
thickness of the end, the* latter being cut to fit it. 
This allows end grain beyond the rei>ate without 
any extension bc'voml the outi'r fae(' of the (‘ud 
piece, thus forming a very neat and satisfactory 
joint not greatly inferior in strength to a fuli- 
width rehati* like 201. Anotlicr form of joint 
not very often ein])loyed and suitable only ff)r 
rough work is that shown in 207. It is a simple 
half -lap joint, almost unrecognisable as such 
because of tluj great de{)th of the members 
compared with tluar thickness. 

Mitre Joints. Next in simplicity to squait' 
Vmtt. joints come niifre joirUs. As far as neatm^ss 
goes, a jrljiin mitre joint, like that shown in 208, 
is an itlcal method of uniting tw'o pieces of w'ood 
meeting at an angle. In joining mouldings th(‘re 
is pi-aetically no choic'c but a mitre joint, or tla^ 
nuue troublesome method of euttiiig the end 
of one* piece to lit the contour of the other. 
This latter nujihod is soinotim(53 adopUd, and 
is called a scrilxd joint. 

Weakness of Mitre Joints. Unfor- 
tunately, however, the mitre is too weak 
to be employetl for anything w^hcrc? strengtJi 
is esscmtial. Like the butt joint it always 
depends entirely on something else as a means 
of holding it together, while at the same time 
it is a much more difficult joint to hold than 
a square butt. Nails or screws can be used, 
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but, owing to the iiiclination of the surfaces, 
they are troublesome to insert, and tlie joint is 
m)t strong wiien they are in. iMon^over, as 
mitre joints are iis(^d ehielly when appearaneo 
is the first consideration, nail or screw holes 
are objectionable, (due holds slightly better 
on grain cut at tliis angle than on direct etui 
grain, and it is generally us(h 1 in .a mitre joint, 
but alway,s in conjunction with t)ther fastenings. 
,l<^ine nails are often iis(‘d to hold mitre joints, 
and are driven in the same way as they would 
bo into a stiuare joint, the nail being entered 
at right angles with the face of thi» lirst pit'ee 
and running into the other parallel Avith its grain. 
Tlu? mitred parts are held in position in a mitre 
(Tamp, or one is held in an ordinary vice and 
the other earefully kept in position by the hand 
while nailing. When screws are used they arc 
generally inserted to go through the joint at 
riglit angles to its surface. 

A very common method of uniting a mitre 
joint is shown in 208. It consists in running 
sawcut*? at an angle across the joint while the 
parts are clamed together, or after the joint 
has been glued, and gluing slips of wood of 
the same thickness as the sawcut into them. 
4112 


In cabinet • maker’s shops 
veneer is handy for this 
purpose. The grain of the 
inserted pieces must run 
transversely to the joint, 
otherwise they would be of 
little value. After the glue 
is set they are trimmed off 
(lush with the outside sur- 
face. Another more trouble- 
some method less frequently 
employed is to cut slots 
across the joint for the re- 
ception of dovetail-sha[KHl 
ki'ys which are glued in 
similarly lo the thin slips 
and tr immed (jff after. These 
methods are rather unsightly 
and are ado])ted only because 
something is necessary to hold 
tlu' joint together, Tn tiu' 
eoinparatively few eas(‘s 
wht're the mitre joint runs 
with the grain of the wood 
1209], glue may l>e suftieUmt 
to hold it, or it may h»^ 
strengthened by wood block- 
ing in the interior angle, as 
shown ill the s(juare butt 
1204], provid('d, of cours(*, 
that tluTc is no objection 
to the blocking. Tn an end 
grain mitre, like that shown 
in 203, the joint might ho 
stnuigtlieni'd by nailing or 
scH'wing a block in tlu' 
angle ; but it would not lx? 
advisable to ghu‘ it. h(.‘eaus(‘, 
as th(‘ grain would eroH.s, 
iiiu'cpial shrinkag(‘ would lx* 
almost certain to break the 
hold of the glue. Frecjuently 
a tongue is inserted, as in 209, but in end grain 
es]>eeiaily this is troubk'sonn* to do without a 
circular saw and fixtures for holding and guiding 
the wood. Fig. 210 is a mitre joint wlva*h 
differs from the fori'going two in having a 
sipiare shoulder or stop fornu'd at the interior 
angle of one of the pieces, the chief reason for 
it being that the piece with tTie stop is thicker 
than tlie other, and it is dt'sired to keep the 
mitre angk? at 4r) d(*gr(‘es. Tt also makes a joint 
slightly stronger and rnon^ convenient for nailing 
than a plain mitre. Fig. 211 is a more com* 
])lieated form, emim*ntly suitable for nailing, and 
very strong. In I his ease the joint is mitred only 
for a short distance back from its outer angle, 
the remainder being a rebate. Fig. 212 is a 
still more eompUcat-ed form, often held togetluT. 
by glue only. 

All these joints are marked out with square 
and bevel, scribed lines being made, or if the 
dimensions of the work that is to be mitred 
together are unimportant, plain mitres may be 
sawn against a mitre block [97, page 3755] or 
in a mitre box [218] or cut wiQi a mitre 
machine ; and usually are planed after to an 
accurate fit on a mitre shoot [214], of which 
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there arc several forms, 214 not being suitable 
for long joints like 208 and 209. The more 
complicated forms have to be carefully marked 
out, and saA^rn and workejd to the lines A\dih 
chisels and rebate planes. 

Lock Comer Joints. We now come 
to an important variety of j()ints differing 
from all tlie foregoing in l)eing fitUx^l to each 
other by a series of projetdions and etuTespond- 
Ing wec'sses, instead of a continuous projection, 
as in th«5 case of a tongue and groove and otluM-s 
of similar character, or joints in \\bich there 
are only one or two projt*etions, as in tenoiis 
and laps. Tlu* sim])l(‘st form (jf this elass is 
ili(' Jock comer 1215J. ’^I’his is an exet‘il(‘nt 
joint wliicli, J)(‘ld hy glue aloru', is strong enough 
for almost any pnrposi*. It is, liowcvcr, not 
often made hy hand l)ecause there is as 
much \V(uk in it. as in dovetailing, and 
hand Avorkers ])refer tlu^ latter if a tirst-elass 
joint is to he made. Lock eorners, tlierefore, 
are almost iru^ariahly eut. hy inacliinery, hut 
OAving to the preju(lic(‘ against their appear- 
ance' tliey an* em]»loyed only for a rough 
elass of work. 

Dovetail Joints. X'ery closely allied to 
the lock (‘ojiier is llui dorttnilvd joint, which 
is considcri'd tlu' best [)ossihK‘ for uniting t'luls 
of Avood at right angles. Fig, 216 shows the 
ordinary form and proportions of d(»vctails, 
the two picct's lacing separated. Fig. 217 shoAvs 
a form in which and spaces or sockets are 

of equal width, 'rihs is sonu't inu'S called a 
visterth dovetail, because it is used for Avood 
cisterns and large licavy hox<'s. It is rather 
stronger than 216, l»ut the afqx'aranee of the 
hitter is eoiisiderecl l)ett(‘r, and so it is almost 
imivc'fsally employed for light and small work. 
The ideal shape is (amsidered to he dovetails, 
Avith th(; narroAA’est possible spa('es hetwt'en 
— that is, a space no Avider at its narrowc'st 
])art than the thickness of tlie saAv ; and 
when? ap 2 )earanc(? is of mon' iiufxu tariee Uian 
strength, this proportion is often a.dof>ted. 
Ihit the usual proportion in ordinary Avork 
is that shown in 216, in Avhieh the clove- 
tails are about four timi'S the width of the 
spaccis between them, tht; mt'asurement being 
takc'n on a lim? half-tv'ay ht'tween roots and 
points [A, B, 218]. The angle of tlie dcna^taila 
is about 80 degrees Avith the ends of the AVOod. 
A more acute angle rcjnders that portion of the 
AAOod liable to slu'ar away in line Avith the grain. 
As in the putting together of ordinary butt 
cuds, like 199, so in dovetailed ends ; if the box 
or frame be longer in one direction than in 
tlie other, the dovetails are cut on the longest 
sides, and the pins Avhieh lit hetAvecn them on 
the shortest. A gauge is set to the thickness of 
the w'ood that is to be doA'^ebiiJed, Tn most 
cases, of course, sides and cuds are of similar 
ihic'kness, and the gauge is set to that dimension 
and used on the ends of all the pi(?ces alike, 
gauge lines being marked on both sides of each 
end where dovetails arc to be cut, and also 
euntinuod over the edges, so that a line goes 
completely round each end, indicating the length 
of the doA^etails. 


Marking Dovetail Joints. As one part 
is marked and cut first and the part which has 
to fit it is marked directly from it, it is not 
essential that the marking out of pins or 
sockets should be done other than roughly by 
th<5 eye, hut usually it is done accurately by 
measurement. Some men start by marking out 
tlio dovetails or socketed portions, while others 
are in the habit of marking the pins tirat. It is 
not a matter of any importance, but the first 
method is pn'fcrahle w'hen a quantity of parts 
jire being done, and it is desired to cramp and 
saw a number together. 

To begin by marking out the socketed part, 
the line A H [218] should lie gauged or pencil- 
luarkc'd half-Avay between the roots of tlu? doA^e- 
tail.s and Iht? eml of the wood. This is the 
line on whieli the diAusions are made, the inclined 
lines of the sockets cutting through the divisions 
on this line and extending to the roots and 
tops of the .sockets whc'it' th(‘ diAdsions to mark 
from could not be so coiiA’^eniently made. To 
pro[H)rtion them roughly oiii'-third of the thick- 
ness of tlu' wood may be taken as a suitable 
w idth for 1 lu' sockets and four t iiru'S tlwit amount 
for the int(‘rv(‘ning doA^etails. These divisions 
are made on the lim? A B, and iiiodilicd to suit 
t lie width of t be w(K)d. At the edges of the wood, 
half tiovetails are formed, or, if desirable, more 
than half, in order to gi\"e a reasonable thickness 
of material on thi' outside. A bevel is set to the 
aiigU? of SO dc'gi’i't'S, and used against the end of 
tilt' wood to scribe tlie liiU's in the same way that 
a square would used for imwking right angles. 
When, as is usually the ease, two sides have to 
be niarki'd and cut thc'y are clamped or seroAA'cd 
together ami treati'd as one piece, thus saving 
time. Tlu? Ix'vi'lled lines of the sockets are next 
eut with a dovetail saw, or if large, with a 
tenon saw% thc' wood being hc'ld (md upwards in 
the vice, and the cuts being made down to the 
gaugi'd liiu' which marks the roots of the sockets. 

Dovetails are usually put together a sawm lit, 
only the eml grain at tlu* roots being finished 
Avith a chisel. When saAvii doAvn t here is a choice 
of two methods of procedure. One is to clear 
the socke ts out tirst. This Avould lie done Avith 
a handsaw if one wi'rt' aAMilable, but by hand 
they are t'itlu'r partially eut Avith a V)OW saw" or 
else by mallet and chisel, working from each 
face of the wood in turn. In any case a chisel 
must be used for finishing ('xaetly to the gauge 
lino. For this purpose a chisi?l Avith sides bevelled 
to the angle of 80 degrees or more is more con- 
v(*nieiit than a square-sided one. Then, the end 
to be fitted to it is placed in the vice and scribc?d 
from it, as sliown in 219. The other method i? 
to mark the end with a saAv inserttxi in the saAi 
cuts befori* the spaces are cleared out [220]. Hiis 
m«?thod Avould be decidedly better if the saw mark 
repre8enti?d exactly the cut, but to make the pins 
and sockets a close fit the saw must afterwards bo 
kept a shade to one side to allow for the thickness 
of the cut. Either method may be adopted, 
marking with the saw generally being preferred. 
The parts are numbered or marked to show 
how they go, and then saivn doAim and cleared 
out witli a chisel, and are ready to go together. 
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Lap Dovetails. Lap dovetails [221] are used 
chiefly for drawer fronts, the front being made 
to lap over and conceal the ends of the dovetails 
so that the lattcT are visible only in the sides 
vvlien the drawer is open. The thickness of the 
lapping or covering ])ortion on the front, is 
usually the diffenmee in thickness betw(‘en front 
and sides, generally about J in. or so. 1"his does 
not materially affect the method of marking out 
and cutting them already dcscriVad, except that 
the saw cannot be lain through in cutting the 
front. 

Secret Dovetails. Secit t dovetails [222] 
are concealed within what ap}>eais from the 
exterior to be. a plain mitre joint. 'l'lH‘y are 
em))loyed only in high-class work hu- tin* sakt^ 
of ap])e.arance, the joint Ixung weaker than 
ordinary dovetailing, and more' troul)l(‘st)me to 
make. The dovtdails are simply gaug(‘d hack 
short of the enrls of the stuff, and otherwise 
marked and worked in the ordinary N'ay, exc‘cpt 


not struck directly with a mallet, for fear of 
bruising or splitting it if the pins do not go 
down regularly, but a large block of wood is 
laid on the surface, ami blows with a. mallet or 
heavy hammer deliviaed on this, changing the 
locality of the blows as reijuiied. The lit, of 
course, must not be so tight as to nec(‘ssitate 
very heavy hammering, or then' will be a risk 
of splitting. 

Ornamental Angle Joints. Figs. 223 
to 227 ilhistrat(‘ methods of ornamenting and 
e(m(‘ealing joints in wood meeting at right angles, 
the forms of the actual joints not diff ta ing in prin- 
t iple from those previously shown in 199 to 212. 

Joints at Other than Right Angles, 
'riiese are fiUMpiently nc'cessary, and there ar(‘ 
two main varieties. Om*. in which th(‘ j)icc(*s 
mc(‘t at right angles in oiu' [)lanc but not so 
in the otlu‘r, 228 Ixang an cxampl(‘ ; and th(‘ 
otluM*, in wbieh tlu'y meet either at an obtus(‘ 
or acute angk‘, 229 b»‘iug an «‘xaiuple ot an obtuse 



that they bavi' to be cut out, cliiclly by the cbis»‘l 
[done, because, the saw cannot go through. 'Phe 
wood extending beyond tlu' tauls and si<lcs of 
the dovetails is then bcv<*llcd to form a mitre 
joint. Another method frerpicnl ly atlopted, but 
not so strictly a sc-cret dovetail as the preceding, 
is to mitre <^nly the front and leave the ends 
scpiare, Avbicb gives the joint an exterior ap- 
pearance like 211. It is, in fact, a (hmble lap, 
instead of a singles lap like 221, the corner being 
mitred to permit the laps to come togi ther. In 
another form tlu^ lap is not mitred, hut appears 
on tile exterior as a plain la])ped joint like 200. 

Dovetailed joints are usually held together 
by glue alone, tiioiigh it adds to their strength 
if they are nailed as well. Before gluing, tin* 
parts should b(* tried together to see that tbi‘y 
fit properly. Then plenty of glue shoukl be 
applied to the end grain of the pin spaces, 
and a little to all part.s that come in contact, 
using a small brush or thin slip of wood in the 
sockets. In finally driving together, the wood is 


angle. Ii» cithci’ of thest' case's most- of the jeunt.s 
alrcatly de^scrihed an‘ applicable, making tlu^ 
nc(M‘ssa!y allowance' for the diffcri'Ut. angle*. 'Phis 
in ine>st cases give*s more* tre)uhlc in making them, 
especially the deu’ctail. '^Phe* pins and socke'ts 
in this e*a.s<; shejulel hi* paralle*! with the siele's eef 
the we)e)d and not inarke'ei from the* e*nds tmli*s'i 
twe) he'vi'ls Ni*t to <liff’e*re*nt. angles an* use*d, fe)r 
till* angle* eff’ SO (lt'gr(*(*s, sl()}»ing alternate w'ays 
from tile <*nd, woulel tilt tl)e* dovetails ejut of 
parallel with the siele*s. Sne*h a. joint W'ould go 
tog<*ther and is se)metime‘s e*mp1oved, hut it is 
iio{ the* usual method. 'Phe ext ra difiie*ulty, how- 
ever, in all ]>e)ints of jhis kind is inorei in the 
marking out than anywhere else*, ddie sipiare 
ge*n<*rally has to be dise ardt'd and a bevel used 
in its })lac(*. Even in a simple Vnitt joint, [228], 
the fitting is conside‘rahly complicatc*d by the* 
slope of the side.s and (*nds, which throw* at an 
angle everything which in ordinary w'ork wimld 
1^* (Mit square. This necessitates the n.se of the 
bevt'l, and careful marking out. 
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Fished and Scarfed Joints. These are 
joints used in lengthening balks and timbers 
of large section in heavy carpentry. In these, as 
in all others, the kind of joint adopted depends 
on the nature of the stress it has to sustain, or 
whether it is for temporary woik or ix^rmanent 
service. There are two main varieties of joint 
used for uniting large limbers end to end, each 
well adapted for resisting corresponding stresses. 
These are joints to resist compression, and those 
to resist bending and shearing and some amount 
of tension. The former are required for ])osts and 
vertical timbers, tlie latter for hori/ontal beams. 

Timbers which stand vertically ami have to 
resist compression endwise should always have 
square joints, never searh'd, v<*<‘d, or sloping 
surfaces. 'Phe sim))lest way to joint for this pur- 
pose is to hiitt the scpiaie <uuls tog(“th(‘r and bolt 
lish-plates to the sides, as shown in 230. Fish- 
plates may l»e <‘ither of iron or wood. In the 
latter eas(‘, to m:ik(‘ the joint <“(jual in slrtuigth 
to a solid timber, the eumhiiied thiekm^ss of tin* 
platt's should be ecpual to tli(‘ thickru'ss of tla* 
tindx'rs joined, hon plates are u.-u.mIIv prt'- 
ferrcid, sonu'tijnes laid Hat on the surf.us', .and 
s(mietinu's with their ends turned in |2H01. 

Fish-plates are generally jnad(‘ in length 
o(pial to about si.x times th(' thickmss of th<^ 
tirnlrer, hard wood rerpiiring less haigth than 
soft. Fig. 231 is a, joint eoniK'ctisl by wasul 
platt's. plat(‘.s might la* ladled Hal on tlu* 

surfmvs witlumt tin* indentations shown, 1ml 
tlu‘ latter enahkv it to ludb*!’ resist bending and 
tmision.. Two methods of indenting arc* shown 
in this illustration. 'I’hat on the l(‘fl, avIkmo tlu* 


In its simplest form, which is not very 
strong, it is a plain, flat surface ak an fmigle. 
In comi^ression the surfaces of such a joint would 
tend to slide over each other and so break the 
joint ; and even in more complicated form, with 
the surfaca‘s veod, as at the lower side of 235 
and 236, there would be a tendency to split the 
recessed part out. But these joints are well 
adapted for beams Avhich are subjected to com- 
bined tension and bending. As the upper part of 
a beam is in (rompivssion and the lower part in 
tension, the extreinitk's of the scarf are generally 
formed, as in 235 and 236, to suit this, the square 
slamldcr on tlu* upper side being mucdi better 
for eompit‘.ssion. Often short lish-plates are 
bolted across tlu* under sides to assist in kor3ping 
the joint t(>gclht*r, and sometimes also across 
th(‘ top joint to slitlen the beam. Sometimes 
fish-plat€‘s the full Umglh ui the scarf are em- 
ploy(‘d. Joints in bt'ams should aUvays be 
arranged to eonu* on or near supports. Fig. 235 
is tigbtem‘d by etu* k(*y, and 236 by two keys, 
its form being eoinplieat<‘cl IhiTcby. F{)r rough 
temporary wnik. timbers in tension arc often 
lop])<‘d .'<idr by side for several fei't and bolted. 

'Pile tabled ami cogged joint [2311 is adapted 
for resisting ten.sion. Deeper notches miglit be 
«-m ployed if it were a joint tor tension only, 
but tliis would make it weak laterally, and if 
carried too far, weak in <‘vcrv way. Generally, 
<lir<'<*t tension in a joint is so slight that the bolts 
a lorn* can be relitsl on to resist it. In fished and 
scarfed joints laHt buk's should be bored small 
(‘uougb f(U’ tin* bolts to )»e driven in a tight fit : 
and, as in all othi‘r woodwork, the nuts should 


plate* is titled into the beam, is known as 
talilLng, and that on tin* rielit, w licit* .separate* keys 
are u.sed, as cogging or joggling or keying. 'I’be.se 
great ly relit* ve si l ain tm the btiUs. A half-lap 
jt>int like 232 is neatt*r than either of the pre- 
eetiing, and in many eas<*s would be suHieiently 
strong in itself w’itliout tin* addition of Hsli-plates. 

Improved Fish Joints. A .still better 
ft)rm would be tt) eut the hijiping ends in a 
series of steps, ANhieh k*ave <*aeh timl>er thick 
wht*ro its retluction starts, and thin at its ex- 
tnunity. Fig. 233 is a more complicated joint of 
the half-lap class, tpiite as strong in compression, 
but aide also to resist more* transveise stress than 
either of the preceding. Tt may therefore be ctui- 
sidered superior in every w ay, but is mort* trouble- 
some to make. A further improvement on this 
is showm in 234, the joint in this ea.se being 
tightened by driving a key through the slot lait 
in the centre. The advantage of this is that the 
joint can 1x3 more ca.si]y fitted together, and can 
Ihj keyed to a tighter tit than would be possible 
if tlu5 parts liad to be di iven tog('tlier skieways 
and left at that. When a beam has to lx* fortilied 
against side strains lus wellns downward pressure, 
thc3 joint is often indented longitiulinally at each 
end of th(5 lap instead of being cut straight across. 

Scarfed Joints. All the examples so far 
have been suitable for vertical timbers, but we 
now come to scarfed joints for t«3nsion and 
betiding rather than comprtission. 

A scarf is a bevelled or sloping joint [235 and 


be tightened at int(*rvals as the timber shrinks 
and accommodates itself to the compressive 
force of the bolls. 

Other Joints. When great lengtlis have 
to be made U]), a number of deals are often bolted, 
togetlier, breaking joint with each other [237 1. 
A very strong timber of unlimited length can 
be built up in this way. Wht*n a great number 
of deals are ('intiloytH^i in this way in forming a 
single timber, the end joint s would not be arrangixl 
symmetrieally as in 237, but so that not evenalter- 
nat e. ones came opposite (*aeh oth(3r. The building 
up of a long timlH*r is only om* example out of in- 
iium(*rable instanei's in which the principle of 
breaking joint is em- 
ployed in construc- 
tions of wood. 
Bciams may be 

240. KEY FOR RK.VMS increased in depth 
by jointing, as in 
238 JMid 239, the cogged or serrated joint Ix^ing 
n(3(*essary to prevent sliding. Iron plates may 
be employed as in lisherl joints to increase tlie 
strength of a beam. Generally one plate only, 
called a flitch phtlt\ Is employed, the l^am being 
split down llu* middle and the plate bolted 
between. Steel girders or trussed beams are 
usually preferred to these methods. 

Fig. 240 shows the form of key employed in 
beams. It consists of a pair of folding wedges 
wrhich, driven in opposite directions, . tighten 
themselves in a parallel slot. 
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ART IN GERMANY. FRANCE & SPAIN 

Group 2 

ART 

Diirer and Holbein. The Fetes Galantes. Watteau, Boucher, 

•28 

Fragonard, and Greuze. Hidalgo and Inquisition. Velasquez and Goya 
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By P. G. 

German Painters. Oorniaii painting 
of the lifteonth century lias been julinirably 
Hummed n)> by M. Reinaeb : rtalian art. 

dn'ained of beauty aiul n'alised its ilreain. 
Flemish art was in love Avith truth and lic*l<l 
the mirror up to Nature. German art rarely 
lehieved eitlier ( ruth or beauty. Hut it succeeded 
in rendering, with a tidelity that was often brutal, 
the chai’acter of th(‘ (lerman })eopl(‘ imm(‘<l lately 
before anil after the Ri‘furinati()n." Local 
Rcliools were flourishing already in tlu‘ fourteenth 
(M'ntury in thti various cities anil districts, but 
comparatively few of the artists’ names have 
been handed down to us, and moilern research 
has had to bt‘ content in many l ases Avith idiuiti- 
fying thii painters ms 
“ the niMsti'r of such 
and such a. pietuns'’ 

'The schools of Prague, 
roloj^iK*, Au^sburjr, tin* 

I'pper a.nd the Loavim' 

Khine abound in suidi 
a, non Vinous masters, 

Avho j^cnerally contented 
ihemseha's with setting 
tlv'ir a.n»/ular tij^ures, 
which in moviMiuMit and 
expression often ver^e 
on earieaturi'. ai^ainst 
a Hat yiolditi back- 
ground, without an 
attempt- at landscape 
backgrounds, and with- 
out much conccin foj' 
orderly composition. 

Vet there is an undeni- 
able naive charm m the 
sincerity of many of 
these Avorks, though 
they luiAe neither the 
beautiful colour, nor 
the fender sentiment., 
nor the delicate execu- 
tion of the contem- 
porary Flimiish Avorks. 

D ii r e r • Even 
Albreeh t J )urer ( a . n. 

1471-1528), the greatest 
German master, is no 
exception to tin* rule, and of f)ure beauty such as 
we have met in the Avoiks of his contemporaries 
in Italy but little is to be found in his pictures. 
Ho is intensely dramatic and serious, simple and 
direct, and combines to the highest degree all 
the qualities t-hat are characteristic of the Gerinaii 
Renaissance, a movement which Aias intellectual 
and moral rather than artistic [81]. Fcav, if any, 
Jirtists could rival Diirer in the riuidi ring of 
textures, and this ref“r.s as much to his lino 


KONODY 

engraving.-i as to his paintings ; fcAv l oukl invest 
every detail and acct*ssory introduced in a picture 
Avith more int(‘rcsl ; few' there aie that (*ould 
depict a simple story with more homely, touching 
directness. 

Holbein. "I’he second of the* great, ma.sl{*rs 
produced hy (.'ermany was Hans Ifolhein { 1 4h7- 
1545), the gi(*atest of the Augshiirg School, 
as I hirer had heeii the great i*st of that of Xiiri'in- 
herg. Holhein is oru* of the fcAV early (iermans 
who is e\cm|>t from tin* charge of lacking the 
.M‘nse of heanty. lb* hciK'liled hy the lesspn 
taught hy the Italians as regards pit-torial eom- 
])osition, and developed a. nolde frei* style which 
had none of the taint of (Jermari ugliness. At 
the* same, time he 
letained tin* ty[)ical 
German ((uality of 
careful, minuti^ obser- 
vation, tempered hy 
sympathclie insight, into 
eharactci’. His [lortrait 
drawings, of A\hieh a 
\asl numhiT an* pre- 
s(‘rved at- ^Vindsor 
( 'a.stle — TFolbein Ava.s 
( Nuii’t pa,int(‘r to Henry 
\’ HI. show his un- 
rival l(‘d Mircnc.*'S of 
tou(*h and cxpri'ssiA’c- 
ncss of lim*. Liki* most 
nortluaners, he loveil 
to introduce a gi’cat 

variety of detail into 
his pictures, but lie 

alAva.ys kncAv Iioav to 

subordinate it t») the 
main tliemi*, which it 
emphasise;^ rather than 
detracts from. In such 
pictures as “The Am- 
bassadors ’’ at the 
National G;»,llery 1821, 
o r t h e Ml (‘ r e h a n t 
“ ( h'orge. ( jyze ’ at the 
Hell in (iall«*ry, all the 
acres* oi ies are fraught 
Avilh meaning, but do 
not draw our intxTcst 
from the personage.s depilated. And for iierfcci 
eraflsinanship Holbein may Ix^ held up to every 
student as an example Avortby of eninlation. 

Janet. In France tlu^ elii(‘f repv(‘S(*ntative 
of autochthonous painting in the fifteenth 

eeiitury Avas the illuminator Jean Fompiet, 

but. the history of French jiainting may be said 
to begin with Frauyois (‘lonet (a.d. 1510-1572), 
better knoAvn as Janet, an artist eonsidcuably 
inflneneed by tlie Van Eycks, and one of tho 
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world’rt gr^^atcst miniaiiiro painU^rs. His por- 
traits often bear a close resemblance to HoHxjin’s. 
His contcmpor^iry, Jchan Cousin, owed nothing 
to foreign teaching and acquired great fame 
as a painter of glass. 

Francis I., in A.i>. 1531, calJed Pi*imaticeio and 
a few other second-rate Italian painters to his 
eountry to decorate^ his castle at FontainebJeau, 
and this led to the foiuiding of the school of 
Fontainebleau, from \\’Jiieli issued ii number 
of pseudo-Italian maniK'iists vvtius(‘ pn*tentions 
work only delayed the development of national 
French art. Only, the early seventt'erilb century 
brought forth a feAv- iiativi* artists of d(‘eided 
originality, notably the brothers Lt‘ Xain, painters 
(d‘ homely scenes and of eamj) life, who liad <lis- 
tinct athnily with 
th(^ Dutchmen of 
the tim(‘, though 
their sojnbrceoloui - 
ing connects them 
with the S[)anish 
school. 

The French 
Classicists. 

Nieolcus Poussin 

(A. I). 

studied in Home, 
tlien considered the 
founlain-liead of all 
art, and learnt the 
lessons taugitt- by 
11 a ]) h a i' I a n cl 
Mi(;helang<‘lo, and 
* cvc‘n more by the 
antique. He was 
more classic than 
any of the Italian 
classicists, and liis 
ligure paintings are 
anti q u e relit‘fs 
translated into 
terms of colour. 

His eeleetieism de- 
barred him from 
seeing life, movement, and emotion in Nature, 
whicli, in his pictures, are merely supeiiicial 
adjuncts to classic [>oses. Hut he was a master 
of tho lu'roie ’ landscape*, a landscape that 
is based on noble arrangeMiient and linear pers- 
pective. and not on colour and atmosphere, 
(hispard F^oussin, Ins hrotlier-iri-law, was inspired 
by Nicolas in his landscapes, iJioiigli the younger 
niaslei w<is a little juorc* concerned with light and 
air, and not so uneoin promisingly severe. Tlie 
same inlluonee ]>rodueed the style of Claude 
Lorrain (a.d. KiOlb l(iS‘2). Avho is eonsicieved in 
the article on ]ands<'aj)e a.rt, and who was an 
artistic progenitor of the great Fiirner. 

Watteau and the ** Rococo ” Period. 
Another pupil of Poussin, Charles Lehrnn (a.d. 
1()H)~1690), became Court painter to Louis XTV.,* 
and ruled as a veritabk* autocrat over the art of 
his eountry, which degenerated into mere 
theatrical pathos. He was not only entrusted 
with all official commissions for paintings, but 
was mad<* Director of the Oobelins Tapestry 
Works, and supplied designs for sculptors, 
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cabinetmakers, and metal-workers. His paint- 
ings belong entirely to the literary order, and have 
little to do with art. The real national tradition 
was perpt'tuated to a certain extent by the por- 
trait painters Mignardand Kigaud, and, above all,, 
by Antoine Watteau (a.d. 1684-1721), the great 
painter of the “ Fetes galantes,” the typical 
artist of the “ Rococo ’’ period. His arcadian 
scenes — Fi(*nch courtiers and amorous dames 
inas(|ui*rading as harlequins and shepherdesses 
in <l(‘licioiis gardens— have not a tracts of cold 
classicism, and Ivold up a faithful mirror to 
the idli‘, gallant life of cightccrith-century 
society. The life he depicts is essential ly artificial, 
hut there is nothing artificial in his style. 
With all their beauty of arrangement, his scenes 

(io not appear to ho 
construct(‘d accord- 
ing to a formula, 
but have a con- 
vincing air of 
reality.; and, abovi^ 
all, he is a painter 
who ‘revels in th(^ 
precious quality of 
I be pigment and 
who allows air and 
atmosphere to enter 
into his landscapes. 
His followers, 
Lani*r(‘t and Pater, 
degenerate into a 
coarse suggestivt^- 
riesH which is quite 
in acc'ordanco with 
the immorality of 
the (’ourt of 
Louis XV. 

Immorality in 
Art. 'Phis ten- 
dency n^acdies a 
c limax in Franc^^ois 
JDiucher (a.d. 
1704-1776), the 
“Painter of tho 
(Iraces," who is the*, typical child of a period of 
dc^gcncrac'y, tliough his works, however ohjocqjon- 
able they may appear from tho moral point 
of view, have undc'niable decorative charm 
and superlicial beauty. His pupil, Fragonard 
(a.d. 1732 1806), is a brilliant delineator of 
tho nude*, an artist of great esprit, who con- 
nects the period of iin trammel led lascivious- 
ness with tho downfall of the old rcgimi* 
brought about by the Revolution. Parallel . 
with this current of art, which is essentially 
at the service of the Dourt, is another little 
stream whicli retlects the healthier life of tho 
people. Lhardin (a.d. 169f)-1770) is a paiiiUa* 
wiiose t(*ndcncy is as decidedly moral and ser- 
monising as Houcher and his school are immoral 
and seductive. And just as the latter are off- 
shoots of the Italianising classicists, so Chardin 
is conneided with Le Nain and with the DuU^h 
small masters. Kven more marked is the moral 
tendency of some of Greuze’s genre pictui'es [ 831 , 
though in other works he appears to cater for 
the sensuality of th:> ruling classes. But neither 
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f)f tjio two waw the founder of a school, and the 
lievolution directed the art of France into new 
channels. 

French Sculpture. 1’he progress of 
sculpture in France during tlu‘se two centuru's 
was very much on tlie same lines as tliat of paint- 
ing. The master who dominates tlie scventeonlli 
century, Pierre Puget (a.d. If)*22-lh94), did not 
reeeive oilicial rei ognilion, since he would not 
submit 1o the autocratic rule of Lebrun. His 
art was based on the study of tlu^ anticpic and 
of Mi(‘hclang(‘lo. Tlie hold of the latter master 
over Puget appears most strongly in the “Milo 
of Crolona ” at the Lonvr<‘. To the (“ightfsuth 
century belongs Falconet, the author of the* \cry 
iu*adenii(! equestrian statue of Pett r tlic (beat, 
at St. Petersburg ; ( Modion, a boudoir sculptor, 
wlio t'xpressed in ma.rbl(‘ 
and terra - (‘otta wliJil- 
'Boucher and Piagonn,j-(l 
expressed in pain I ; 

Hoiulon, a l)rilliant model- 
U‘r of portrait V)usls, and 
l*igalle, who continued to 
follow th(‘ antique with 
exaggera.ted elegams* of 
form. His noblest work 
is ilu^ tomb of th(‘ Mairb hal 
d' Saxe, in Strasburg. 

What marks all Fieneh 
sculpture of this ])(‘riod is 
tlui striving after gi aee ;nid 
«'iega.nee and ([(Moral ive 
etfeet, which fnapUMitly 
results in limbs of ex- 
aggerated lengtlj and a 
eeitain dainty alfeetation, 
which is far from dis- 
pleasing. The character of 
th(» period is e('rtainly 
relleeted in its seuljUure 
as well as in its jKiiiiting. 

But with the adv(‘Mt of 
th(^ Italian (^inova,, at 
tlm turn of the ecaitury, 
all character was lost in a, soulh'ss, cold imitation 
of all that is merely formal in the jinti(ine. 'TIk' 
fam«^ of this uninsjared inarble-earver spread ovc r 
the whole of Europe*, ;uid acted as an eHt'etive 
cheek to all individual expression. In (‘very 
((mntry his fatal (‘xarnple w^as emulat(‘d— in 
l)enma.rk by Tiiorwaldsen, in England by Pla.x- 
man, in Ormany by T)ann(*ker, and in France* 
by numerous sculptors whose* fame has liet‘n 
obliterated by the great men who followed in 
the second half of the last eeiitury. 

Spanish Painting. The hist ory of S}>anish 
painting may he said to begin about the* tiim^ 
when Clranada was eaptuixHl from the* Moors, in 
A.D. 1492. In no ot hea* count ry w as the individual 
expression so severely handieafijM'd as in this 
country, when* for centiiri(*s the Inqui.sition 
exercised a censorship w^hieli not only foi*bad(^ 
the study of the nude and all other “ worldli- 
ness,” but interfered even in matters of detail. 
The slightest deviation from Scriptural truth 
or from Catholic dogma was treat (kI as hert*sy. 
Thus in painting a “ (>ii(?iHxion ” every artist had 



83. 


run l.lSTKMNe 
(W .illacf (.'ollri 


to adhere strictly to the measurements of the 
en^ss, which had to he in the proportion of 
15 ft. by 8 ft. ; and the^ ltali;i,n sculptor Tcjrri- 
giaiio, who was working in Spain, was actually 
iinprison(*(l by the liKpiisition for having, in a 
lit of passion, broken up a “Virgin and Child” 
wrought by his ow n hands ! 

Art Under a Shadow. This strict 
supervision by the (‘hiireh, togethi*r with tlie 
serious, ]ndud eliaraeter of the Spanish race, 
pro(luee*d an ;i,rt of gre*at se>mbrene*ss jind rc'serve*, 
inspired by a passiouatr. love «)f reality, an art 

wliieh has dramatie* intensity. bol(ln(*ss. and 

strength, but ne*ve‘r sounds a note of gaiety and 
joy, imd is rare*ly o:*euj)ied with beauty and 
graet*. It i(‘tle‘ets ihe^ f)roud, hidalgie attitude* 
to life*, the grandeza and strict e(*renionial of 
tin* silent Court, the* iron 
rule of the* Church and 
Inepiisition. And through 
all the^ inlbu‘nee‘s from 
abroad from Flanders in 
the*, liflei'Uth ee*ntury (the. 
(Jothie period), from Italy 
ill the* sixte*e‘Uth ee'iilmy, 
and from France* at the 
(‘lose* of the* glorious period 
whi(‘li eiiiminated with 
Vedasque'z — (‘an lie* de*- 
tt*ete‘d the* sombre glow' of 
these* national traits. 

.Juan eh* llorgoha and 
IN*dr() llerreguele*, both of 
whom worked in Castile^ at 
the^ e*nd of tim lift cent h 
e(*ntiiry, we*re^ among the*- 
lirst to introduce* Italian 
nu'thods, which took tinner 
root w he'll Cliai‘le*s V. and 
IMiilip 11. induee'd a whole 
band of Italian painters 
to Seattle* ill Sjiaiu. Among 
tliei prominent. Spanish 
maste*rs of the^ e-arly six- 
l(*entli ee*ntury are Luis dei 
Morales. P(*d?o Campaua., and Luis de Vargas, 
but th(*ir works, like* theses of innumerable* e)tli(*r 
iiieritoi ious painte'is of the period, are^ p'laetieally 
\inkno\vn outside their native country. 

The Rise of the Spanish School. 
\Vlial miglil be* called the historical ” periejd of 
S))aiiis!) ait rises with the school ot Sevilla, to- 
wards the e nd of the si.xte'e nth e(*iitury. Pacheco, 
from whom Vela»epie/. re'ce*! v(*(l his early training, 
was sea.re(*ly more* than an able Italian man- 
nerist; but Jiian (le las Roelas (a.d. 155H-lt)25) 
and He*rrt*ra the Elde‘r (v.o. 157b- Ibob) intro- 
duced something oi the* snmptuousm*ss of 
Venetian colouring into the* sadni'ss and dark 
shadows of the^ S])anish ])al(dte. Francisco 
Zurbaraii (a.d. 1598- Itib'J) was a i)ainte*r of gr(*at 
emotional power, alnmst eestatie- in his dramatic 
intensity, witli a s<*ns(^ e^f })le*asing form and line. 

An extraordinary genius, weird and passionate, 
was El (h’(*ee) (1.548-^ lb 14), who, in his emU'avotirs 
to eseajie^ from the convention and imitation 
wliieh fetteivd his precursors, arrived at a fren- 
zie'd, extravagant style, with figures whose limbs 
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are twisted into extraordinalry ccmtortkme and 
of inordinate iength, seen in a patchy lig^t that 
never wae on sea oaland. He was a resUess spirit, 
but endowed with a noble sense of colour and 
with the gift of seeing the dreams of his almost 
insane imagination as a homogeneous whole. 

Velaaque;r» King of Paintera. With 
Velasquez (a.d. 1509-1(160) wo reach the apogee 
of ftpaniali art. He was not only the greatest 
master of his time, but opened a new vision 
to m<xiern art, a vision in which the great c^st 
painters of our own day find salvation. No 
one has ever more completely realised the truth 
of the saying that 
the greatest art 
is to conceal art-. 

Painted, with an 
astoumling sure- 
m*ss and sim- 
plicity of means 
— his palette is 
said hav<) con- 
sisted of only four 
colours — his 
picturtis prodiKHi 
an amazing clTect 
of reality. Histone 
values are la^rfocd, 
and there is a 
unity of vision 
which i)laces l)efon^ 
one just what 
e.ould ui real life 
be taken ii\ by 
one glance, leaving 
out such detail 
as would detnvet 
from the general 
impression, and 
yet never slun’ing 
over anything that 
is really (nssential. 

In his portraits his 
sitters seem to live 
ill the atmosphere 
in whic?li they are 
placed, and their 
life is not only that 
of their body, but 
of the I’cry soul. 

His psychologic.al 
insight is the more 
marvellous, as he 
painted at a Court 

whert^ everybody wore habitually a 
cold dignity to conceal his real cliaracter. The 
rcM^listn of Velasquez is of a kind that never 
fttoom to an indiscriminate recording of Nature’s 
accidental blenushea. If his pictures appear 
’to be the spontaneous result of direct obser- 
vation, and have little in common with the 
studied arrangement of academic compositions, 
ha is so perfect a master of selection that there 
is never a touch which would in the slimiest 
dfijgiree disturb their quiet harmony and decora- 
tit(^ Spacing. (Bee illustrationB of paintings by 
Velasques on 192 and 723.] 
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Murillo nnd 

that is inscribed in letters of gold on the tal^eta 
of Spanish art is that of Murillo (a.d. 1617-16^), 
whose pictures have been aptly called the' 
embodied expression of Spanish Catholieisin. 
A charming colourist and accomplished draughts* 
man, he is wbolly lacking hi inspiration and 
depth of thought. He clotnod the holy legends 
in the garments of his period, using toe types 
of tlie |wople by whom he was daily surrounded, 
and thus translated the teaching of the Catholic 
Church into the vulgar tongue. One of his 
most familiar paintings is “The Holy Family** at 

the National Gal- 
lery, London [84]. 
But fascinating as 
he is at times, he 
has little to add to 
the history of the 
artistic dovelop- 
ni o n t of h i rt 
country, or of the 
world at large. 
Contemporary with 
Velasquez and 
Murillo was Ribera 
(a.d. 1588-1666), 

w ho, trained by the 
Italian naturalists, 
became in his turn 
the paramount 
influence in the 
school of Naples. 
In spite of all that 
he derived from 
Italian sources, he 
always retained the 
ecstatic passion and 
t he sombre shadows 
so characteristic of 
Si)ain. His favour- 
ite subjects weixj 
scenes of martyr- 
dom and physical 
pain. 

Goya the 
Satirist. With 
the death of Velas- 
quez and Murillo, 
Spanish art ool- 
lajised as suddenly 
and completely as 
it had arisen under 
their dual star. A 
brief renaissance of the ancient splendour was, 
however, brought aliout by Goya (a.b. 1746- 
1828), an artist of immense versatility and neat 
genius, though frequently hasty and slovexi^' in 
execution. In his best work he almost riviflled 
Velasquez — in fabt, he is the one link that con- 
nects this great master with Manet and the later 
nineteenth century. He must be counted among 
the greatest etchers and lithographers of all tunes, 
as he was one of the greatest satirists, ^ho defied 
Government and Inquisition with hi# merciless 
exposure of the vice, ignorance, corrttptioii, and 
immorality of Ids period. 
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will prepare the student’s idea of causation for 
the demands which will be made upon it by 
sociology, in which causation is not only co»- 
tinuoUH but almost aj)pallingly complex, and 
corUinffeiU upon so many factors. There follow 
important chapters upon special preparation 
in biology and psy(*hology — such, it may be 
hoped, as the rench^r has had — and then the work 
is brought to a conclusion. 

The Sociological Habit of Mind. Our 
estimate of the book is that which is commonly 
entertained by sociologists in all countries, and 
w^e earnestly hope that Avhat we have said will 
compel our readers to acquaint themselves with 
it. Having done so they will find th<‘mselves 
not only far more interested in sociology than 
they were before, but also able without effort 
to look at things from the sociological stand- 
point. In short, to read this book is to acquire 
the sociological Iiabit of mind ; noi* is there any 
other means by which this may b(‘ so readily 
or so well acciuircd. Having read this book 
the student will welcome a brief account of its 
illustrious author — an account which we shall 
try to make consonant witli his own conception 
of the value of personalities anil of the right 
kind of biography- 

It would Ik'S fair to say, perhaps, that the 
modern rational view of history iu general 
regards it as a combination of d(‘scrij)tivo 
sociology and scic'Utitic l)iograf)liy. Thus, to 
choose exlrcmcs, the g(*ograj)hical view of 
history and the great-man theory of history 
may take tlicir due places in that comprehensive 
view which will be completely true. 

The author of the do< trine, of universal 
evolution was born in Derby in 1820 and died 
at Brighton in 1 9011. In his voluminous auto- 
biography he discusses, in s(’i(‘iitifi(^ fashion, all 
the facts of his ancestors which could throw a 
light upon his own mental characters. It is 
<|iiite plain that he belongt^d to an exceptional 
stock, the most noteworthy character of which 
was independenoe of thought. 

Herbert Spencer’s Greatest Aebieve^ 
ment. Spencer, of course, was predestined to 
be a tlnnk(‘r from the first, but it was not until 
he was forty that the great w^ork of his life was 
begun. Tieiorc^ that time he had written some 
ivmarkabk? essays, including the famous short 
paper hi which he upheld the nebular tluMiry 
against all the astronomical authority of the 
time, and the essay called “ The Development 
Hypothesis,” in which, in 1852, seven years 
hefoi'e the publication of the ” Origin of Species,” 
the young author argued for the truth of the 
doctrine of organic evolution. Reff fence has 
already been made to the epoch-making “ Prin- 
ciples of Psychology,” which appeared in 1855. 
The great achievement of Spencer’s life was, 

^ of course, the Synthetic Philosophy. This is 
not merely the <^nly philosophic system that 
any Englishnum has' given to the world, but — 
which is immeasurably more important — it is 
regarded iis substantially true by those com- 
petent critics who ai’e acquainted with it. 

Tbe doctrine of the synthetic philosophy is that 
ihe principle , of evolution — this word having 
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been introduced by Spencer in 1857 — the 
key to the problems of all phenomena. The 
Synthetic Philosophy consists of “First Prin- 
ciples ” (recently published in a cheap edition by 
Williams & Norgate); “Principles of Biology”; 
” Principles of Psychology ” ; “ Principles of 
Sociology ” ; “ Principles of Ethics.” The aim of 
the entire system was to establish the truths of 
morality upon the “ solid ground of Nature,” and, 
as the author became an old man, he feared that 
he would never reach the “ Principles of Ethics ” 
if he wrote his work in the logical order. Ho 
therefore passed at once to this final subject, but 
fortunately lived to return to the “ Principles of 
Socif)Iogy,” th(> last volume of which was pub- 
lished in 1S9(> — thirty-six years after the inception 
of this ningnificeiit enterprise. 

Wbat We Owe to Spencer’s Inspira- 
tion. Spcmcer is undoubtedly greater as a 
biologist, a psychologist and a moralist than as a 
sociologist. This, liowcwer, is not to say that 
his so(‘iological work is not of the utmost im- 
portane(‘. Many of his conclusions, how'cver, 
like fliose of his predecessors, are invalidated by 
t.h(‘ inadetiuacy of the facts upon which they 
W(‘re based. 

If the history of seicMiee proves anything it 
is that ill (‘re is no royal road to generalisa- 
tions, and sociology was yet too young for 
Spencer and his contemporaries to do the 
work whi(rh th(‘y attempted. This we must 
n‘eognise, (wt‘n though we admit that the main 
lines of hi.s conclusions were sound, and, 
pre-eminently, that liis method and liis con- 
ception of sociology, as d(‘pcndent upon biology 
and psy<*hology, WH‘ro triu* and fruitful. Lastly, 
soeioU^gists must, pay him tribute as liaving 
done far more than anyone else in his time 
to disseminate the id<‘a of sociology, to tcacli 
.thinking pcop](‘ that there is or may be such 
a thing, to arouses th(*ir interest, and to ins|>ire 
the labours of thousands. Largely to such 
inspiration do we ow(* the fact that the socio- 
logical material at the disposal of the student is 
mult iplying manifold with every decade and that 
the voice of trained thinkers is beginning to bo 
heard even where politicians most do congregate. 

The Sociological Society. During 
the last few months of Spencer’s life a few 
ardent students determined to form a Sociological 
Society in this country. Ow^ng to the generosity 
of many persons, and esiiecially of Mr. Martin 
White, whose name is Avell worthy of honour, 
this project was realised, and on November 
20th, 1903, there was founded, less than three 
weeks before the death of the great philosopher, 
the Sociological Society, which is • beginning to 
count for something in English thought and has 
already done much for two great complementary 
studies of the first importance — Eugenics and 
Civics — which we shall afterwards have to 
consider. Some interest attaches to the fact 
that the first president of this society, the 
Rt. lion. James Bryce, is now a Cabinet Minister. 
One wonders what some Cabinet Ministers of the 
pa^t, such as Palmerston, with his “damned 
professors ” and his ignorant hatred of anything 
like knowledge or learning, or the philosophic 



would tiave made of a meeting of the 
Sooiolo^cftl Soeietv, Mr. Bryce has been 
succeeded hy Lord Avebury. To the sociologist 
who approaches the science, as we are doing, 
from me more fundamental sciences, especial 
interest attaches to the presence of Ix>rd Avebury 
in the presidential chair of this society. In 
the first place, it is significant that sociology 
should demand the services of a historian like 
Mr. Bryce on the one hand, and a biologist like 
Lord Avebury on the other. But it is particu- 
larly noteworthy that Lord Avebury symbolises 
the existence of the science which we may here 
venture to call Comparative JSociolog}/. To this 
subject we must devote at least a brief study. 

Human and- other Societies. 
use of the term comjmratwe is well recognised 
in all departments of the sciences that deal 
with living things. Comparative anatomy takes 
a wider view, of anatomy than nn^rc human 
anatomy. It deals with the anatomy of all 
animals, with a special eye to discovering the 
comparisons between the body of man and the 
bodies of the lower animals. If the doctrine 
of evolution means anything at all it must 
certainly mean that one cannot truly understand 
human anatomy witliout studying comparativ'c 
anatomy. The same is, of course, true of 
comparative physiology. We arc just dis- 
covering that it is most conspioiioiisly true of 
pathology and comparative pathology. A whole 
host of the most important diseases, wliich the 
study of man alone would never have eJiicidated, 
has already yielded or is rapidly yielding to 
the science which compares disease processes in 
man, monkey, and mouse. Yet, again, the im- 
portance of the comparative method is demon- 
strated in the case of psychology. Spencer, as 
we have seen elsewliere, was the first compara- 
tive psychologist, the first thinker to abandon 
the false and proud attitude which assumed not 
merely that the psychical characters of flic 
lower animals had no relation to, and no bearing 
upon, the mind of man, but even that the minds 
of savages, the minds of children, the minds of 
Orientals, the minds of women, needed no 
study and, presumably, had nothing to do 
with the particular mental characters of the 
adult Caucasian man — characters to which all 
psychologists hitherto had been complacent 
enough to attribute the magnificent term Mind, 

Social Instinct in Animals. Nor 
does the comparative method fail us when 
we come to sociology. When we speak of a 
school of whales, a shoal of fishes, a herd of 
d6er, when wo see the flight of birds across 
the ^y, each bird falling into its own place in 
rimk or, file — in all such cases we recognise, 
though we may never have thought about it, 
that the social instinct is not peculiar to man. 
We shall afterwards see that the unit of society — 
or at least of all the higher forms of societies — 
is the family, and wherever there is the family 
there is at least the germ of a society. Now, 
the lower animals also show the existence of 
the family in many cases. Furthermore, there 
^y be suggested the gcoieralisation, wh^h the 
preset writer is prepared to uphold, that the 
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fonh of the family — the word being here used 
in its widest sense — will determine the form 
and the fate of the society. Where there is no 
family, as in the case of nearly all the fishes, 
the society can never reach any but the most 
rudimentary form. Where the family is that 
dependent upon polygamy,* a human society — 
for instance — will differ in form and fate from 
that the unit of which is the monogamic family. 
Again, where the family — if family it can be 
called — is so vastly different, as in the case of 
the hive Im^cs, there the resulting society will bo 
totally different in form and in potentiality. 

The ** Sub-Human*’ Societies, The 
comparative study of soei(‘ties, then, or the 
comparative study of the family, must be of 
the greatest inter(;.st to the sociologist. And of 
all the sub-human societies which interest him 
none can for a moment approach in interest, 
in complexity of organisation, in wonder, in 
strangeness, and in significance, as well as in 
respt'ct of tile immeasurable gap which separates 
them from us, the societies of the social insects. 

Now, of these Lord Avebury is, as Civeryono 
knows, not only the groaU'st living authorit^s 
but the greatest authority of any time, and thus 
a very espi'ciul interest attaches to the oflicial 
connection of the greatest student of sub-human 
society Avith the society that exists to study 
human society. It is now earnestly to be hoya‘d 
that Lord Avebury may (ronsider the desirability 
of adding a volunu^ of “ Comparative Soeio- 
his already great record of literary 
work. It would be a i>ity if some student of the 
subject whose knowledge is less profound is com- 
jielled to do this ])iece of work, which, it seems 
to the present writer, urgently demands doing. 

Sociology and the Universities. 
Though then; are six official teachers of sociology 
in such a place as Chicago, and though Brussels, 
for instance, has its magnificent Jnstitut Solvay, 
founded by a man of wealth and wisdom, it was 
not until the end of tlie year ltH)4 that sociology 
obtained its first recognition in any univer- 
sity in the land of Spencer. The recent recog- 
nition of sociology as an ax^ademic subject by 
the UnivcTsity .of London — which has hitherto 
iKHin followed by no other university — is duo 
to the work of the Sociological Society and the 
generosity of Mr. Martin White. Since that 
first step was taken there has also been removed 
the reproach that there was not a single recog- 
nised teacher of sociology in this <50untry. It 
is true that this mighty and dominating science 
is yet unrepresented by a (/hair in any of our 
universities, including even the recent provincial 
universities, from which such great work wilL 
surely spring, and including even the University 
of London, which is at last beginning to become 
a reality and not a name. But, at any rate, 
the University of London has instituted a lecture- 
ship — one solitary lectureship — in sociology, 
and has appointed to it one of the very great^t 
of living thinkers — l)r. Westermarck, It is 
significant that the first official teacher of soci- 
ology in this country should be a foreigner. 
Dr. Westermarck is known throughout the 
civilised world as the greatest authority upon 
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martiage — perhaps the only social institution 
that is worthy of the title rundamental. Since 
leaving his native Finland for this country. 
Or. Westermarck has been at work upon an 
as{)ect of the evolution of ethics which is entirely 
new, and quite distinct from the wdder conception 
of the evolution of ethics, which w'e owe, of 
course, to the apostle of evolution himself. 

Moral Ideas. In his book on “ The 
Develoj)ment of Moral Ideas,” Dr. Westermarck 
concerns himself not witli the gradual evolu- 
tion of morality from parentage and from 
sympathy, but with the acdual history, so far 
as it can be ascertained, of the production and 
growth of moral ideas among the lower races of 
man — many or most of which, of course, wdien 
judged by true ethics, are immoral ideas ; 
and he is continuing his study of this subject 
up to tlie highest places. The moral idt^as with 
which In'! is corK;erned are, of course, quite dis- 
tinct from the true morality, which is grounded 
in love ahnu*, but eoiifoi nis more to tlic derivation 
of the wwd morals, which, of course, means 
merely customs. These ideas, and the customs 
based uiK)n them, have, hfjwever, j)layed a 
gigantic part in the liistory of society, and very 
notably in the history of religions. It is some- 
thing that this great work is being done, tliough 
not by an Englishman, at any rate by tiu' 
first academic sociologist in this country, and 
on Knglish soil. 

Thedilferent standpoints from which sociology 
may \)g looked at are many and various. It is 
unique amongst the scieiurcs in tins res])ect. 
Every man’s conception of sociology differs from 
his neighbour’s conception. (‘colcsiaslic, 

the psychologist, the physician, the biologist, 
llio social reformer, the moralist, and the de- 
tached student of the sciences in general — all 
the.so have their own points of view. Again, 
a man and a w'omari cannot, piissihly look upon 
sociology with the same eyi's. Here, liow'evor, we 
have no space in whieli to discuss ” the relations 
of sociology to the social sciences,” or, indeed, 
what may bo called the philosophy of sociology. 

There are two leading considerations, however, 
which it is impossible to omit from our intro- 
duction to the subject. In the first place, 
w^o must refer briefly to the relations of sociology 
to the sciences that are beneath it, and then we 
must consider its relations to the one suf)reme 
science which is above and beyond it. 

The Foundation of the Sciences. 
There is an aspect of sociology on which it ia 
well that we should insist. TJie science has 
often been described as the crown of all 
the other sciences, and so, of course, it is. One 
readily understands how' a complct-o sociology 
would include within its substance the whole 
tissue of, say, physics, biology and politics alike ; 
but, on the other hand, the present writer is 
coming more and more to bo impressed by the 
feimiificance of another view of sociology — that 
which regards it as not so much the* crown 
os the foundation of the sciences. Instances 
may easily bo adduced. For some years the 
writer has thought, written, and spoken about 


infant mortality as if it were a medical problem. 
He has sought to eliminate heredity from its 
causation in any marked de^ee, and to attribute 
it to bad feeding and the like. It is only after 
reading Dr. Newman’s recent book on the sub- 
ject, which he describes as a social prohlem, that 
the present writer has realised how partial his 
analysis of the matter has been. It now seems 
self-evident to him that this is not a medical 
problem, but a social problem. 

Drink is Society's Problem. Or, again, 
take the question of alcohol. In this case, as in 
the last, the medical sciences have done their 
work. Tho alcohol question was once, perhaps, 
a medien 1 problem ; it is so no longer. On the 
contrary, medicine can hand if over to sociology, 
and say : ‘‘ This is your affair ; what are you 
going to do about it ? ” Or, yet again, take the 
question -of the provision of meals for school- 
children. Here, again, tlie medical problem is 
easy, soluble;, and solved. Tlic nu'dical man knows 
how miniito are the sums on which a child may 
b(; adequately f(‘d. He knows how constantly 
these and larger sums are spent on that which is 
nol bread. 

Tho working-class family in this country spends 
on the averagt; oiu'-sixth of its total im^oine on 
alcohol, as ]\l('SKrs, Rowntree and Sherwoll have 
))roved. 'Pile problem of the physical state of 
these s< ho()l*ehildren is not to-day one for phy- 
siokigy or m(‘dieine, and is not to be; solv'cd once 
and for all either by medical inspection or by the 
most scrupulous obcxlicnco to tlie science of 
dietetics in the provision of school meals. In 
reality it is a (piestion for the. sociologist, and its 
solution will depend, (he present writer believes, 
upon the answer which is returned to the 
question : “ Wliat is tho unit of society — tho 
family or tho school ? ” 

•• The Causes of the Causes." Those 
instances are typical. It is evident that tho 
subordinate sciences, such as medicine and 
biology, have their place. It might also bo 
provt'd readily enough that these seiences must 
be incorporate in a perfect sociology ; but it is 
also evident that these sciences alono are im- 
pot-ent to cope with the questions wdiich at one 
stage have to be referred to them. Paced, 
for instance, with “ pliysioal deterioration,” 
they are able to analyse it, define it, and indicate 
its ” caur>es ” ; but — and this is the essential 
thing — the causes are only proxinmte causes. 
Wo who believe that the universe is a universe 
know that causation is universal and eternal, 
and that of any causes of anything the philo- 
sopher must auk : “ What are tho causes of 
these <;auses ? ” For years the -writer has 
contented himself with asserting and animad- 
verting upon tJio merely proximate and medical 
causes of infant mortality. He tjiought that 
one had merely to make these causes generally 
known to abolish the evil. Now, however, 
Dr. Newman has taught him, what he should not 
have needed to bo taught, that these causes, 
though valid and essential, are only links in a 
chain which is endless, but the most essential 
Jinks of which are not medical, but social. 
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A HEARTH, forge, or furnace is a structure in 
which ores and metals are submitted to high 
temperatures. A furnace is usually eonstriuded 
of refractory material on the inside, and of iron 
or ordinary brick on the outside. Furnace.^ may 
be divided into three elasscs : (1) those Mithoat 
an independent fireplace, such as a blast furnace 
and a hearth ; (2) those with an independent 
fireplace, such as a reverberatory furnace ; (3) 
those in which the material is separated both 
from the fuel and from the products of combus- 
tion, such as a zinc retort. Thi'y may be used 
with a natural draught, the air being aspirated 
by means of a chimney, or the air may be forecnl 
in by means of a blowing apparatus. In both 
eases the heat developed depends on the calorific 
power and weight of fuel })urnt in a given time ; 
also on the mode of combustion, lor if the com- 
bustion be complete, the whole of the heat may 
be utiJisecL 

Hearths. A hearth is a low furnace in which 
the material to be oj)crate(l upon is mixed with 
the fuel and Ilux. The lieaps, stalls, and certain 
kilns for roasting ores an* included under this 
title, as the fuel and oi'c arc mixed, and the 
action is the same. The smith's hearth is a 


familiar example of this type. 

Shaft Furnaces. ' A shaft furnace, 


commonly called a blast furnace, is a structure 
with the long axis vertical, and contains one 
common receptacle for the materials employed. 
Certain of them, as tlie kilns in which litTiestom^ 
or or© is calcined, arc worked by a natural 
current of air, the furnace forming a large 
chimney. The forms of blast furnaces art* very 
varied, according to the nature of the ore .and 
fuel used. They may be cgg-shai3ed, cylindrical, 
or conical. In roasting iron ores, for example, 
where a large mass of material has to be ex- 
peditiously treated and where only a moderate 
temperature is needed, the diameter is greater 
in proportion to the height than in furnaces 
used for the reduction of ores, in which < ase the 


height may be from three to five times the 
diameter, because it is necessary to have a high 
temperature in the region where the fuel is 
largely consumed, and the more fuel there is 
burnt in a given space in a given time, the 
high^ will be the temperature. The fuel 
employed may be coal, coke or charcoal, because 
oxid£» or materials which have been oxidised 
by roasting are generally treated in this furnace. 

In the case of raw' coal, it is decomposed in 
the upper portions of the furnace, so that by 
the time it reaches the zone of combustion it 
is in the form of coke. 

Sh^ furnaces for reducing ores are supplied 
with \a forced blast, and may be theoretically 


divided into thnHi parts: (1) the upper portion, 
where the on? is partly reduced ‘without melting, 
the volatile matter is ex^x^lled, and raw coal 
is converted into coko ; (2) th(5 middle portion, 
which may be ef)nsicleri*d neutral, because the 
carbon dioxide formed by the reduction of 
metallic oxides in tht^ lowx'r p.art of the furnace 
neut ralises the reducing gast^s ; (3) the low'or 
portion, where the temperature is very high and 
the atinospherti eomj^letely reducing. In the 
last, flux .and earthy inafters unite to form 
a fusibh^ slag ; the meta-1 is liipietied and falls 
to the bottom of the furnace, the sl.ag floating 
on the top. Fig. 26 is an 
example of a \)l.ast furnace 
used for lead smelting. It 
is fornurd of two inde- 
pendent parts — the both/ or 
stark, whieh is supported 
on iron pillars, and the 
hearth or crucible, w'hich is 
surrouiitled by a double 
iron casing, through whieh 
wab'r is made to flow in 
ordt*r to kc<‘p it cool. The 
bl.ast is su])plied through 
six or eight twyers. The 
throat is elos(‘d, except 
while charging, by a 
cylinder, and the waste 
gases are carric^d off by a 
sid(' pipe. 

26. Bi.AST FURNAf’K Keverbcpatory Fur- 

FOR i.KAi) HMKi/riNa n^ccs. A reverberatory 
furnace is distinguished 
from the former types in b(‘ing arranged with the 
long axis horizontal, and in luiving an iudcpt‘n- 
dent receptacle for the fuel. The fireplace is 
separated from the bed, or lahora/ori/, as it has 
been conveniently called, by a fire-bridge, which 
is simply a wall of refractory brick, usually 
furnished with an air channel to keep it cool, 
and sometimes prt)vid(‘d with orifices which 
admit air into the furnace. At the chimney 
end there is generally another bridge, termed 
the flue-bridge. Tlie chimney is connected 
w'ith the laboratory by a flue of varying length, 
and more or less horizontal. The chimney 
serves the double purpose of producing the 
draught and of carrying off the waste gases. The 
roof generally slopes downwards from the 
fireplace to the chimney, so that the flame may 
be reverberated on to the material on the bed. 
The size of a reverberatory furnace is determined 
by the kind of material to bo operated upon. 
When ores are simply roasted, the length may 
be many times that of the fireplace, but when 
a high local temperature is desired, as in the 
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case of puddling irony the bed is not more than 
two to three times the area of the fireplace. 



27. RKVBKBERATOUY FURNACE FOR REFIMNO 
C’OI’FKR 

Fig. 27 is an illustration of a rc^verberatory fur- 
nace used for refining copper. 

Types of Reverberatory Furnaces. 

In cases wliero the temperatuie need not. he 
very high, as in the calcination of ores, the bed 
is built of common tirobricks ; but in copjK‘r- 
smeltiug furnaces the bed is formed of two feet 
of sand rammed in tightly, and in puddling iron 
the bed is coated with a thick layer of oxide of 
iron and iron slag ri<'h in oxide of iron. Tlie 
most important reverberatory furuact^ in whicdi 
gaseous fuel is used is the reg<‘nerativ’^e o])eii- 
hearth fui’iiace of Siemens, 'flie great advantage 
of this type of furnace' is that a reducing, 
neutral, or oxidising atnioHjihcri' may be obtaiTi(*<l 
nt will by regulating the suj)])Iy of air. 

The Ihuekner CaleiiU'r {28] is a special typ<5 of 
reverbi'traory furnace list'd for roasting silver 

and co])per ^ .. 

ores. It con- 

ing cylinder, 
lined with 

about 8 ft. in I ’ 

diameter and | 

15 to ft. 28. BRACKS ER C AI.<'tNKR 
long. At one 

end is the fireplace and at the otlu'r end is a dust 
chamber conruH-ted with tlu5 flue and chimney. 
The cylinder rests rm frit^tion i'oll('r.s and is 
rotated by gearing placed on the exterior. 

Closed Vessel Furnaces. In this 
class of furnace the material to be heated is 
separated fn^m the fuel by an <mv(;lopo, in the 
form of a closed vessel. The vessel is heated 
by licing in (contact with the fuel or with the- 
fiamc developed by the combustion of fuel. 
The form of tin? vessel i.s dett?rmined by llie 
work to be done. Thus, for simple heating, 
the muffic is employed, while for fusion, crucibles 
are used. For distillation and sublimation a 
retort is used. The ordinai’y brassfoundem’ 
-furnace may be taken as a type of cruciVile 
furnaces, and tVu? zinc retort as a type of retort 
furnaces. Fig. 29 is a section of a Belgo-Silesian 
zinc furnace. Two retorts (A, B) are shown 
one above the other ; in these the zinc ore and 
carbon arc placed, and the flame playing round 
them produces the necessary heat for the reduc- 
tion of the ore. The vaporised zinc is con- 
densed in the receivers, C, placed in front and 
attached to the retorts. 

Production of Draught. Natural 
4t'aught is produced by means of a chimney, 
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which may be regarded as a vertical pip© con- 
taining heated and expanded gaseous products 
of combustion. The column of air in the 
chimney is lighter than the air of the same height 
at the ordinary temperature. Hence, there is 
an upward movement owing to the difiercnce 
of weight, and as the air has to pass through the 
furnace, the draught wdll depend on the' tem- 
perature of the fire in the fireplace, because the 
higher the iemperatun? the more rajudly will 
the gases pass through the chimney, and a 
greater weight of air will be required to replace 
these gases p('r second. 

Forced draught in small hearths is produced 
by bellows, but. for smelting furnaces, blowing 
cylinders an; gi'iierally used. In the simple 
melting of metals and in some small blast 
furnaces a rotatory fan or blower is largely 
used. 

Hot Air. When lu>t air instead of cold 
air is siipplic'd to a furnace' tlic temperature of 
combustion is considerably increased, and as 
the waste heat of a furnace may be utilised in 
heating the air a great economy is efiectod by 
its use. A dc'scriplion of arrangements for 
healing the blast of air sup])licd to blast furnaces 
is givt'ii in tbe course on Iron Manufacture. 

Copper, ^riu' iiK'tal (uipper has been known 
from the eaiTu'st timi's, because it is found in 
th<' eartli in the metalli<^ state, and its oxides 
«ar<‘ easily reduced. It has a rt'd colour and 
brilliant lustre ; it is highly malleable and duc- 
tile. so tliat it can be rolled into thin sheets and 
drawn into tine wire. At teiiqieratures near its 
mi'lling point it is brill It', and may bo readily 
powdered, Tht' tenacity of cast chopper is about 
8*5 tons per stj. in. It ni<'lts at a temperature, of 
1,080^^ C., and is not sensibly volatile. Its speeific 
gravity is 8‘82. Tlie frat^tured surface of pure 
copper is of a fine s.alinon-rt'd colour and finely 
granular, but after hainrnering it exhibits a 
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somewhat fibrous fracture, with a silky lustre. 
The conductivity of copper is very high, but is 
considerably reduced by small quantities of 
certain impurities. Of the impurities likely to 
be present, bismuth is the most injurious ; anti- 
mony, arsenic, iron, tin, phosphorus, and 
manganese, also largely interfere with this 
property. 
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Capp^T is unacted on in dry air at ordinary 
temperatures, but rapidly oxidises at a red heat. 
In moist air it acquires a coating of carbonate. 
It forms with oxygen both cuprous and cupric 
oxides. 

Native Copper. The ores of copper arc; 
Native copper, of varying degrees of purity; 
cuprite or rod oxide (CugO) ; black oxide (CuO) ; 
copper glance ((^ 028 ) ; copper pyrites (Ou-^S 
Grey copper oro is a mixture of the 
sulphides’ of copper, arsenic, antimony, and iron. 
Blue and green carbonates, known as malachite 
and azurite, are com}K>scd of (^uCO.. and CuHoOy 
For smelting purposes, copptM- oi*es may l>o 
classified as oxides and sulphides. The most 
abundant and poorest ore of eoppt'r is pyrites, 
since the iron and copper occur in almost all pro- 
portions from a t race of copper up to .')fi per cent., 
as in peacock ore. Copper is extracted by both 
(liy and w^et methods. The dry method is 
further classifit^d into reverberatory and hlaM 
fumactJ processes, although the main principle 
is the same in each ease. 

Copper £xtractioni Tlio W<‘lsli or rever- 
})eratory method was formerly conducted in 
six or eight stages, according to the rieJmms 
of the ore, which is chietly pyrites. The process 
consists of alternate roastings and meltings in 
order to oxidise the impurities and pass them 
into the slag, while the copper is concentrated 
as a regulus or sulphide. When this eon- 
eentration is considered sufficient, the copper 
sulphide is partially roasted, so as to form a 
mixture of oxide and .sidphide. IMien these aro 
allowed to react on each other at a higher tem- 
perature, and liberate the copper in an approxi- 
mately pure condition. 'Fliis reduced copper is 
refined in a special reverberatory furnace |27]. 
The cakes of copper are gradually melted, during 
which oxides are formed, including the im- 
]>uritie 8 . These oxides unite with silica (sand), 
and form a rich slag. The metallic copper is 
covered with anthracite and a pole of wood is 
inserted. The cr*rhon .and gases from tlie 
reduce the oxides of copper, and bring the im- 
piiritie.s to the surface. If the poling is insuttieienl, 
the copper is dry in appearance and brittle. 
NVTien the right degree of poling is attained, the 
copper is said to be at “ tough pitch.” If the 
poling is carried too far, the oxides of the impuri- 
ties are also reduced and pass into the copper, 
making it brittle. Another method of refining 
copper^, largely practised in America, is by 
means of electrolysis. It is cast into slabs, placed 
in a copper sulphate solution, and a current of 
electricity passed through until the copper is 
deposited. Such copper is remarkably pure. 

Copper Reduction. In the blast furnace 
tteihods, the roasting is often done in heaps 


or kilns, but the more modem plan is to 
use large revolving cylinders or largo fixed 
chambers, in whicli the charge of ore, or 
regulus, is automatically stirred and carried for- 
ward by mtHjhanical arrangements. The blast 
furnace for copper extraction is generally built 
of iron, tapering slightly, so that the top is 
wider than the bottom. The iron casing is 
double, with a space between, so that water can 
circidato through in ordtir to kcc-sp down the 
temiMTature. T'he regulus collects in a special 
receptacle called a fore-hearth , and is witharawn 
when dcsiivd. 1 >rick furnaces are also extensively 
used. The regulus, or matte, is again roasted, so 
ivs to form oxid(\ and the oxide is reduced by 
carbon in a s(H;ond blast furnace treatment. 
The refining is th(‘ same as in tJie Welsh method. 
I^ie blast furnace process differs, therefore, frojii 
the reverberatory ])roeess in that (he oxide is 
finally reduced by carbon, and not by reaction 
betwet’U oxide and sulphide. 

l^he Bessemer converter is now largely used 
for obtaining copper from regulus (sulphide). 
Tlie blast of air oxidises th(^ sulpluir, forming 
sulphur dioxide gas, which (wtaipcs, ;ind partially 
oxidises the regulus. The oxide and .sulphide then 
react on each other, producing metallic copper, as 
in th<‘ VWIsh method. The ivct process of copper 
reaction d(‘pends upon the ])rineiple that .a sol- 
vent first dissoKa s the ore, which passes into 
solution, and tlu* copper is then precipitated 
by means of iron. 'Fhe prec ipitate is finally 
refined. 

£lectrolytic Copper. 'Phe application 
of electrolysis to the refining of crude copper, 
r(‘ferred to above, has greatly increased of 
lat<‘ years. If a. current of electricity pas.s 
between two eop|XT platc’S imm(T.sed in a solu- 
tion of sulphate of co])p(‘r, the anode rapidly 
dissolves, while an equivalent weight of copper 
is deposited on tlie cathode. If, then, an impure 
plaits of (topper be usihI as an anod(\ the (;opper 
will be dissolved, and with it .some of the im- 
punties, but so long as there i.s a good excess of 
copper 2>resent , and th<‘ right stnmgth of eurrent 
is employed, tlu‘ eojqier alone will be deiiosited. 
Bismuth, tin, antimony, and arsenic nunain in 
part insoluble ; platinum, gold, and silver are left 
on the anode as a slimy deposit. The crude 
eoppr^r is cast into slabs, wlvieh are susptmded f»n(i 
behind the other in lead- lined vats, all of them 
iK'ing connected with the positive polo of the 
generating dynamo. Alternately with them are 
hung thin sheets of pure copjXT, which aro con- 
nected with the negative pole and on which the 
pure eoiiper is dei^osited. 

The variet ics of commercial copper are : Cement 
copper, Japan copijer, cake and ingot copper, 
bean short and feathered shot copper, electrolytic 
copper, and b(*st seletded copper. 
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CHEMISTRY AND THE WORLD 

The Chemists and the Great World- Problems. The “ Beg^inning ” of the Uni- 
verse. Can We Make Radium? “All Flesh is Grass.” Our Universal Ancestor 


By Dr. C. W. SALEEBY 


'T'HERK is absolutely no limit to the variety or 
the number of organic compounds. We arc^ 
acquainted with merely a fraction of those that 
occur in Nature, and we are callable? of making 
as many more as we please of compounds whicli 
MO have eveiy r<.*ason to belie* v(* do not ot;cur 
in Nature at all. 'Po th(‘se latter products we 
can make no detailed allusion here, but it is 
necessaiy, at. least, to ])oint out their importance 
and to convince the r(*ader of it, though he hears 
little about them in this place. 

Most Fascinating Branch of Chemis> 
try. Synthetic ohemistiy, which is now, with 
the exception of radio-activity, tin* most fasci- 
nating branch of tlio science, is daily making 
very ra]}id strides, notably und(‘r tlie influence 
of i^rofessor Emil Kisehcr, of Herlin. Its dilli- 
culty can only faintly be iinji.gin(‘d ly the 
elciiioiitary stuflcnt. If vv(* wviv to di.seuss if here 
in proportion to its import ;Mie<*, we should need 
Bcarcely less sinice than this course lias hitliorto 
occupied. Hen*, howev<*r, we must try to gain 
clear notions as to the two distinct and ecpially 
important directions in which synthetic chemistry 
is advancing. When these have been diseuss(‘d. 
we must also i onsider a third direction in which 
as yet no advance wh}i.t(*v<*r lies been made, but, 
which in tirm? may ovcrsliadow botJi the others. 

One definite direction in whicJi synth<*tic ch<*m- 
istry is advancing, so fast that even those wlio 
devote their whole lives to this pe.,rticular branch 
of our subject can scar(*(*ly k<*(‘p abreast of it, is 
the manufacture by synthesis of entirely new 
chemical compounds of carbon. Tlie object of 
this branch of synthetic ehiunistry is largely 
theoretical, but pcrliaps mainly practical. In 
the first place, let us consider its tJieoretical 
interests. 

The Achievements of Synthetic 
Chemistry. The chemist believes that la^v 
governs the behaviour and properties of all 
chemical compounds. He is acqu«aintcd in 
Nature with a number of organic* series, such as 
the paraflins and their derivatives. It- is thus 
one interest of his to see whether he ciiinot 
fonn artificial series which still display the serial 
quality. Furthermore, he tries to elucidate the 
relations of one series with another ; and ho 
tries to account for the properties of various 
series, and for the variations in the properties 
of the successive membc?rs of any series, in terms 
of mokcular constitution. It need hardly be 
said that the facts wliich he thus discovers — 
having first, in a sense, made them — are of the 
very greatest importance in the study of the 
compounds which occur in Nature. 

The second interest of this branch of synthetic 
is practical. Wo have already seen 
one of its practical issues, with whkh the name 
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of Sir VVulliam Perkin, the great Englishman 
who has enriched the wise Germans, will always 
be associated. But we may venture to say that 
the manufacture of artificial colours is one of 
the least of the practical results of this branch 
of cht*mi.stiy. Far more important in these 
dajLs are various developments w'hieh more 
directly concern human life. Of these the beet 
instance is furnished by the modern synthesis 
of tlnigs, which has already achieved the most 
remarkable suc(?(‘ssos. This subject can bo dealt 
w^itb bore only by means of one illustration. 

The Search for an Ideal Hypnotic, 
We have already seen in our study of the alka- 
loids two powerful sidistances which an? capable 
of causing slt‘cf), and to these many more might 
be adfl(*d ; but byosciiK*, though irresistible, is 
an extieim‘ly dangerous di ug. The patient will 
certainly slccj), but th(‘re is the risk tliat he will 
never wakc'ii. Morphine, again, though it is 
still absolutely indis|)ensable, is attended with 
many grave disadvantages, as the reader know^s. 
Now synlhelie ehomistry has turned its attention 
to tliis question of the })roducti()n of an ideal 
hypnotic. It is doing the same with respect to 
the ideal antiseptic, tlie id(‘al anaesthetic, the 
id<*al ant ipy retie, or felnifuge, not to mention 
many otli(*r kinds of drugs. In the case of tht? 
liypnoties, its efforts have been very successful, 
and for some? t inn* past every few years have seen 
a deHnite advance. This advance becomes the 
fast(*r because* the eh(‘mist is aided by the study 
of the mole(?ular constitution of his previous 
products. He finds, for instance, tliat a certain 
compound will cause sleep, but has very little 
ertV<?t in relieving pain. On the otlier hand, 
he? is acquainted with another compound, 
pe*rhaps, which doe-s not cause sleep, but will 
markedly relieve nt*uralgia, and thus, of course, 
may indireejtly cause sleep. He compares these 
drugs wdth each other and with many of their 
fellows, and is more or less able to recognise the 
particular part of a give?n molecule that has a 
particular action upon sleep or pain or fever, 
or wdiatever it may be. He then tries, so to 
speak, to piece these various parts together in 
various combinations for various purposes. Let 
us briefly glance at some of the results. 

The Survival of the Fittest. The 
chemist has added the substance called paralde- 
hyde to the list of hypnotics, this being a polymer 
of acetic aldehyde. Again, we have already 
referred to chloral, and now we may note the 
existence of a really valuable hypnotic called 
chloralamide, which is a compound of chloral and 
formic acid. These; however, are not to bo 
called synthetic products, perhaps, in the same 
sense as a number of other hypnotics, of which 
the best known is called sulpTumal, Tht**’ 
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substance has a well recognised formula, and may 
be regarded as methane, the hydrogen atoms of 
which have been replaced by ethyl groups and 
methyl groups, together with an oxide of sulphur. 
For some time sulphonal ranked as one of the 
best of all hypnotics for certain purposes. It 
was very widely used, and sometimes unfor- 
tunately abused. Then it was found that a 
modification might bo made in sulphonal by the 
insertion of three ethyl groups instead of two in 
the molecule ; or four ethyl groups might hv. in- 
serted. The substances thus formed are known 
fistrional and tetronal respectively. Of these the 
first, trional, is in every respect without exception 
markedly superior to sulphonal. If trional had 
been discovered first a,nd sulphonal later, no 
one would dream of employing sulphonal to-day. 
In course of time the diethyl compound will be 
entirely superseded by the tricthyl compourirl. 
The tetraethyl compound, ictronal, is dangerous, 
and should not be used. 

And now it appears that, directly in conse- 
quence of a research initiated by Fischer, trional 
itself will have to be superseded and replaced by 
a new synthetic product called veronaU which, for 
a very large number of cases, may be look»‘d 
upon as, at any rate, all but the ideal hy^mot ie. 
This last drug is, so to speak, an instance of the 
survival of the fitU^st. During the last ten years 
the number of possible Iiypnotics of synthetics 
origin must have reacdicd scores. As <‘ach new 
one comes out its effects liavc to be Iricul, 
and it is only now and again that one is 
found capable of replacing the drugs already 
kiv)W'n. 

What the Chemists are Learning. 

Doth in this ease, how'ever, and in the etise of 
the production of artificial scents, colours, and 
other products, the purely experimental method 
is yielding to something of a higher scientific 
»)rder. At one time the chemist w'orked almost 
in the dark ; he began w'ith some suitable sub- 
stance, such as benzene, p(*rliaps, and then tried 
to fit various atoms or combinations of atoms on 
to it in the hope that “something would turn 
up.” Now, however, this purely empirical 
method is being superseded. Chemists are 
learning, as we have seen, not merely that there 
is a necessary relation between molecular coii- 
Htituiion and physical action, but also what the 
exact relation is in a number of cases, and so 
now tile work can bo done more? methodically. 
Time need not be wasted by the mere manu- 
facture of one compound after another — its 
novelty being the first consideration, but the 
chemist can work in definite directions, keeping 
firm hold, so to speak, of molecules or radicles 
which he knows to bo valuable, and aiming only 
at the production of new molecules in which 
those properties will be retained. 

So mueh by way of illustration ; but wo try to 
number ourselves, readers and writer, among 
those who, as Spencer puts it, “ search for the 
wider meanings of facts,” and we cannot leave 
this subject without reference to what wo may Ctall 
the philosophy of it. If we venture to employ 
such a danng term as creative chemistry, or to 
speak, as has elsewhere been done, of “ the 

1 n 97 o 


chemist as creator,” we must inquire into the 
meaning of that term. 

Nature is Commanded by being 
Obeyed. In a great epigram which wo have 
quoted more than once. Bacon has summed up 
all the facts of the case and more. “ Nature 
is to bo commanded only by obeying her.” 
Now, words like creative and creator may 
legitimately be applied to man in many of 
his acts. A great musical composition — such 
as, let us say, the third or fifth or seventh 
symphonies of Beethoven, or even a simple 
folk-song, may properly be called a human 
ci’ealion ; so, also, is a chair, a house, or a foot- 
ball ; so, also, is “ Paradise Lost.” Man may 
be looked upon as the creating animal. 

Now what does tho word mean i We who 
are stiuhuits of science clearly recognise what 
tile word does not moan. First, tJie chemist 
or the poet does not make something out of 
nothing, and, in the second place, whatever 
he makes, does, or creates, ho remains the 
servant of Nature, to use Bacon’s ]>hrase, as 
well as her (commander. The greatest genius 
cannot modify by a hair’s breadth tho smallc.-t 
of Nature’s laws. Not in this sense can Nature 
be commanded, and not in this sense can man 
create ; but if man choscs to observe Natuie's 
laws, to obey Nature, then be (ian command her 
in this limited sense. TIius the synthetic 
chemist will fail, and continue to fail, if he 
tries to make compounds in di^fiance of Nature’s 
laws. If it be a fact of Nature that carbon 
and oxygen have an affinity for each other, 
there will never bo any making of a compound 
which depends for its o.xistenee upon an antag- 
onism between those two elements. If, on tJie 
other hand, tho chemist will accept Nature’s 
laws, then his intelligence is eajiable of directing 
th€un to his own purpose, and so producing hcav 
compounds which Nature herself would not have 
made, but which yet are made in obedience to ht'r. 
This saying of Bacon’s is one of the profoimd<*st 
that ever emerged from a mighty mind. 

Natural Law and Creative Works. 
Or turn from chemistry to ])oetry, or music, or 
art ill general, ^’hoi e an^ artists in all ages and in 
all kinds of art avIio liavc^ never had a glimmering 
of the truth which Bacon stated. Tliey think 
that they can create works of art without any 
reference to Nature. They think that they can 
use pigments, or sounds, or liiimaii emotions — 
which are all natural products — and create works 
of art therefrom without any reference to tho 
laws of chemistry, the laws of vision, the laws of 
acoustics, or tho law's of psychology, (’onlcm- 
porary musicians might be named, and poets 
and painters, who think that beiuiuso they did 
not defy Nature, Beethoven and WordsAvorth 
and Velasquez were not groat men and Avcrc not 
creators. But these mighty geniuses did not 
sot up their puny wills against the laws of the 
Universe ; tliey obeyed Nature ; they obeyed 
her so Avell, and loved her so well — Wordsworth 
says that “ Nature never did betray the heart 
that loved her” — that she allowed them to 
command her, and so they produced Avorks of 
creative art Avhich can never die. 
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The same is strictly true of every kind of 
scientific invention and creation, as well as of 
the creations of synthetic chemistry. All tho 
men, without one solitary exception, who have 
commanded Nature in the past — tho man who 
made tho wheel ; the man who built, the "Forth 
Bridge ; the creator of tho steam engine ; Pasteur, 
tho conqueror of disease; Galileo, the inventor 
of the telescope; or Perkin, th(^ creator of tho 
coal-tar dyes — have commanded Nature by 
obeying her. Only in virtue of their obediemeo 
are they creators. The countless men who have 
failed and are forgotten, or are remeinbered^Avit h 
scorn or pity, alike in science and in art, are those 
who either were unconscious of the existence of 
Nature’s laws, and so fought against them 
unknowingly, or those who thought that- they 
themselv(^s were sui)erior to the mighty univc^rse 
of wliich they fornu'd a part, and so fell; for 
Nature never forgives and never forg<^ts. She 
accepts no ex(;us(?s, she nuikes no exceptions, 
and the mother of all wits has never yet bec'U 
outwitted. 

Chemistry and the Imitation of 
Nature. And now let us consider the 
seeond of the grtuit directions in wliich syn- 
thetic chemistry is advancing. wumIci* 

is endeavouring to invent easily rnernorabl'* 
names whie.li will aid the reader, and perbH|)s 
tho t-onn imitaHve chcmidrif will form a useful 
contrast t.o rrmtire vhemistry. 1’he very be?'! 
that the most brilliant elumiist can accomplish 
is very little coni])ared with tlto achievements 
of the living cell, which is the sujireme chemist. 
An insigiiilieant iH;d cell, one of five millions 
that are to be found in tw'o pins’ heads space 
of the blood of IVofossor B(*rtlu^lot, or Proh^ssor 
Fischer, is capable of making the compound 
haemoglobin which those tw’o great creators, 
aided by all the other oliemists in the w^orld, 
could not begin to imitate. Nevertheless, tho 
chemical syntliesis of vital products is making 
rapid advance, as wo have already seen, and 
it is by no means inconceivable that even 
hicmoglobin, which is believed to bo the most 
complex chemical substance known, and to 
contain more than a thousand atoms in its 
molecule, may some day be manufactured on 
tlie laboratory table at perhaps a thousand 
times the difiic.ulty and expense with which it 
is manufactured in the blood of the boy wdio 
dusts that table in the morning. 

The Limit to Imitative Chemistry. 
As in the last ease, any detailed discussion of 
the acooniplishmcnts of this imitative chemis- 
try is out of the question. TIkto is no need to 
refer the reader again to Professor Mcldola’s 
recent book on this subject, but w^e must ask 
Iiim to turn back to the quotations from that 
book which have already been made and to our 
comments thereon. 

For it has clearly to bo recognised that 
imitative chemistry, as at pre.sent practised, 
is imitative only in so far as tho results arc 
ooiioerned. The chemist can imitate alcohol 
and various carbohydrates, for instance, and 
his products are identical in many cases writh 
those of the plant. But the chemist does not 
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imitate the proccAsP.s of the plant. His methods 
are tho same as those employed in “ creative 
chemistry.” Now tho many successes of imi- 
tative (iiemistry must not blind us to the 
fact that, despite them, this imitative ohomis- 
try is not the real thing. While Nature's 
results are obtained, her processes are ignored. 
Hence w’o may be certain that there must be a 
limit to the artificial synthesis of the vital pro- 
diK^ts, and that limit may soon bo reached. 

Chemistry Must go ** Back to 
Nature.” Cliemists may find that they can 
go a long way in .the manufacture of a largt' 
number of compounds w^bieh are produced by 
living cells for their own purposes. But it is very 
likely that the imitation of the most essential 
compounds found in living matter, the com- 
pounds which most truly (xpress and pcihaps 
condition its ]itV‘, may be found impossible so 
long as chemists continue to employ processes 
which are not, of course, ])ropcrly speaking, 
unnafnraL since t he law s of chemistry arc always 
observed in making them, but which, at any 
rate, are not the processes which Nature chooses 
to employ. 

It heeniH probable, tlien, that if this branch of 
ehmnistry is to aehievj^ its utmost it. must go 
“hack to Nature,” and atlenijit to imitate the 
prociNsses which she prefers, though they 
(‘vidently not the only processes she permits, 
for the making of thesis compounds. It might 
tlu'ii b(^ found — in fact, nothing else could be 
found— that th(^ adoption of the processes 
employed by the living (‘cll w^oiild enable imita- 
tive chemistry to do all that the living cell can 
do. But there is a great difficulty in our way. 

Wliat w(i a.r<^ a.sking chemists to do is to 
imitate the unknown. No chemist in his senses 
would dream of employing high temperatiin's 
and powerful reagents for the manufacture of 
th(‘S(^ compounds if Jk^ w'cre able to employ th(‘ 
cell's own proeessi's. He ust's his own methods 
merely because he cannot imitate methods which 
he does not uiulinstand. Indeed, the suprenu' 
])r()blem of chemist ry at this hour is the under- 
standing of the chemistry of life, and to this 
topic w'c must soon turn. 

Can We Make Radium ? But befon* 
we pass to this diflieult and fascinating sub- 
ject, allusion must bo made to a new kind of 
syuithotie chemistry, of whicli chemists arc be- 
ginning, just in these last few months, to per- 
eoive the possibility. It need hardly be sai<l 
that it is radium which has openecl out this 
new prospect. 

The synthetic chemistry of which wc hav( 
been speaking is the synthesis of compounds, 
.and, of <‘oursc, anything wdiich is tho product ol 
synthesis, or putting together, must necessarily 
be a compound. Only a few' years ago, to speak 
of the synthesis of the elements w'ould have been 
considered as foolish and meaningless as to 
speak of their analysis. The essential idea of 
an element was of a something which could 
neither be put together nor taken to pieces. 
Blit wo now’ believe that the atom of any element 
is not really atomic or indivisible. It has been 
conclusively demonstrated that the atom of 
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radium, for instance, is capable of analysing 
itself, so to speak, into smaller parts, among 
which in all probability five atoms of helium 
may be numbered. It seems to be impossible 
to control the analysis of the elements, but it 
is certainly possible to observe it. 

Now, this necessarily suggests to the mind 
the possibility of the converse process. If 
radium be capable of analysis, may it not be 
possible to build it up by synthesis of its parts ? 
This conceivable synthesis of the heavier ele- 
ments is the new possibility which, like its prede- 
cessors, is certainly worthy of the name synthetic 
chemistry — far more worthy, indeed. 

The Genesis of Radium. These words 
are fortunately written just late enough for 
reference to an extremely important controversy 
on this point, whitrh was started by Lord 
Kelvin in a letter sent to the “Times" in 
August, 1906, and which called forth the most 
recent views of such distinguished workers in 
radio-activity as Sir Oliver Lodge, Mr. Frederick 
Soddy, and the Hon. R. .1. Strutt. If the 
reader will recall what was said when we were 
discussing radium, or will turn back to those 
sections of our course, he will be able rightly U) 
value the remarkable suggestion made by Lord 
Kelvin in liis third and last letter. 

Lord Kelvin accepts the statement that the 
life of the radium atom is finite (perhaps 1,800 
years, which is Professor Rutherfoid's lat«^st 
estimate), and yet he is inclined to question the 
belief of wojkers at the subject, that radium is 
an evolutionary product of uranium, Mr. Strutt, 
therefore, asked him what theory he hold as to 
the origin of the radium now existing on the 
earth. No one would suggest that this radium 
was made by “ special creation " 1,800 years ago, 
and if it is not d<jrived from tlie uranium, with 
which it is always associated, whence conies it ? 
Ill reply to this. Lord Kelvin suggests that the 
radium atom may be formed by a “ coneoiirse of 
atoms ” crushed together, so to speak, in the 
I’ourse of the condensation of the nebula from 
which the solar system and all the parts thereof 
arc formed. 

Did the World Begin as One Huge 
Atom ? In f)ther words. Lord Kelvin sug- 
gests that the large compound atoms, as we know 
them, may havii been formed by a jirocess of 
natural synthesis, and this is a suggestion 
worthy of the most careful tliought. The 
reader wfiU remember that hitherto opinion has 
been inclined — accepting tlu* view' that large 
atoms, such as those of uranium and radium, 
break down into smaller ones — to suppose, jvs 
P rofessor J. J. Thomson puts it , that the known 
universe must have begun as om^ huge atom, 
of which all contemporary atoms are disinte- 
grated parts. 

The idea suggested by Lord Kelvin is that the 
jirocess of atomic evolution has tw^o phases, and 
may bo, indeed, a balanced process. Without 
making any assertions as to Lord Kelvin’s beliefs 
(which, it must bo confessed, arc somewhat 
difficult to define), wo may, at any rate, realise 
the possibility that atomic synthesis as well as 
atomic analysis — building up as well as breaking 


down — is occurring at the present time. The idea 
that the whole history of the universe is a con- 
tinuous process of the analysis and disintegration 
of one mighty atom is beset with a thousaiul 
difficulties, and yet wo have seen that it has 
licen suggested as the apparent inference from the 
facts of the natural analysis or breaking dow n of 
large atoms, which have lately been discovensl. 

Breaking Down and Building Up 
Atoms. It seems to the present wTiter that 
these difficulties disappear if we conceive that 
both processes may be in operation according 
to the conditions. On the one hand, there may 
be breaking down of large atoms into more 
numerous and smaller ones ; but, on the other 
hand, there may be a reciprocal process of natural 
synthesis, or “concourse of atoms," to use Lord 
Kelvin’s phrase, whereby numerous small atoms 
are merged into one another so as to form larger 
and more complex ones, such as the at tun of 
radium. Indeed, to the present wi’iter it st‘(‘ms 
that there is no warrant for the assumption that, 
the atom of radium must either ho forraecl by 
analysis of the larger atom of uranium, or else 
must have been formed by synthesis of, faobably, 
one atom of lead and five atoms of helium. 
Lord Kelvin stated : “ Radium (atomic^ weight, 
225) may be a compound of fivt? atoms of helium 
(atomic weight. 4 x 5) and one atom of lead 
(atomic weight, 295).” Why shoiild we be ask(‘d 
to take one of these views as true and rejec.t the 
other as fals(5 ? There is nothing contrary to what 
is known in the belief that both views may be 
true. In the ease of BU(‘h a compound as carbonic 
acid w'o know perfectly wcill that it may b(‘ formed, 
on the one hand, by the decomposition or analysis 
of a carbonate, or, on the oUut hand, by synthesis 
of carbon and oxygim directly. Similarly, theri* 
is no reason Avhy, iindc*r appiopriate conditions, 
that comph‘x compound which we ( all tiie atom 
of radium slioukl not hi* formed by analysis of the 
still more complex compound called the atom 
of uranium ; or why, under other conditions, it 
should, not be formed by concouisc or combina- 
tion of atoms of lead and helium — wdiieh mav, 
jwrhaps, be a synthesis as natural as the synthesis 
of oxygen and carbon to ff)rm carbonic acitl. 

An Artificial Concourse of Atoms. 
Though Lord Kelvin would seem to bo the first 
to have suggested the natural synthesis of th(‘ 
elements, a yc'ar or tw’o has now" passed sinet* 
Sir William Ramsay recognised tlie possibility of 
the artificial syntlu'sis of heavier atoms by means 
of lighter ones. We already know that the 
transmutation of the elenumts under certain 
conditions is a fact, but tlu^ only transmutations 
we know are those of larger atoms into smaller 
ones, incredible quantities of energy being 
meanwhile evolved. Wc know no instance as yet 
of the new synthetic chemistry which would 
consist of the making of lavgt^ atoms from small 
ones. Th(‘re is a fundamental distinction between 
the two ])rocesses. In the fornuir, energy is 
evolved ; in the latter, which as yet we can 
only imagine, energy — and in enormous quanti- 
ties — would have to be supplied. 

Now, it looks as if the supplying of energy for 
the purpose of this “ concourse of atoms,” or 
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atomic Bynthesis, whether natural, as Lord 
Kelvin supposes, or artificial, as Sir William 
l^amsay cx})ects to achieve, must involve an 
infraction of tliat law of the dismfxition of energy 
and it*^ loss of availability, which Lord Kelvin 
himself first diseovort'd, and which has h<*en dis- 
cussed in the course on Physics. 

Wo cannot hero expect, however, to anticipate 
all Ihe discovwics and .solutions of Ihe future, 
and .so w(^ must now l(^ave imjx*rfect — like all 
other human knowh-dgt^ — the study of syntludict 
chemistry in its various forms. 

The Chem'stry of Living Things. 
Two great subjects remain for brief treainumt 
<Te w'c conclude this cours<‘. Of tlu'sc, the fir.st 
is the chemistiy of life and living proec.^^ses. 
Incidental reference has often heon made to vital 
chemistry in precculing ))ages, but lien* it will be 
w’cll to state th(? main facts in a systematic way, 
and. first of all, as to what const itut<‘,s the 
peculiar charaettM' of vital chemistry. 

The first |)iot>osition which must hero be 
n^peated is that all the known laws of gtuieral 
elunnistry are strictly and rigidly obs(‘rvt‘d by 
living matter. No form of living matter that 
we know is capable of annihilating or cr<‘a.ting 
an atom out of nothing, or of destroying or 
cnaiting ciKU’gy. 'Plio Jaw' of tlu^ conservation 
of matter, with the rocrva.t ion invoKaal hy 
the study of radio-activity— is observed in tin* 
chemical processes of living creat\ire:>, and so 
also is the law' of tho conservation of energy, 
S<*condly, no ohunent is found in living niatU*r 
that, is not found clscwlnu'e. Thirdly, the 
i lements found in living matter are in every 
respect identical with otlier speeimen.s of th<5 
same chutKintfl occurring elsewhere. Fourthly, 
no proccssi's are known to occur in living 
matter that cannot bo imitated more or l(‘ss 
sucoes.sfnlly outside it. This is true even of 
the remarkable process called fermentation, which 
is very extensively employed by living matter 
for it.s own purposes. 

Having insisted on the ultimate identity of 
th<; laws that govern all chemistry, including the 
clnanistryof life, let ns iu)W state the general facts 
which the world of life displays to the chemist. 

The Wonderful Cycle of Life. For a 
very long time the vegetable and animal king- 
doms have been regarded as forming the iwo 
divergent limbs of the great V of life — both 
kingdoms liaving their origin, it was sup])os<*d, 
in .some ])rimitive organisms that were m'itlu'i* 
animal nor vegetable. This conception, however, 
w Inch involves much (confusion from tho chemical 
])oint of view', must be modified not only for 
that reason but for other positive and final 
reasons whi<*h it is not our busines.s to discuss 
in this course, (hi the contrary, w’e may be 
assured that the tirst living things were essen- 
tially vegetable and that the animal world is an 
ofTslioot from the vegetable world. If we 
clearly retain this idea, we shall be ready to 
understand the next paragraph. 

In considering the chemistry of living thing.s 
wc must plainly begin with the plant, w'hich is 
not only tho ancestor of the animal, but is also 
the iie(?essary source of its food ; for, oven if we 
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are not vegetarianfi, what is tho ox but trans- 
formed grass ? 

L*t us consider, then, the typical plant. 
It displays in its vital functions that transforma- 
tion of energy with which the student of physics 
is ahvay.s familiar ; but w'c have already stated 
that th(^ plant, though a living thing, offers no 
exception to the law of the conservation of 
energy. Whence, then, is the energy w'hich tlu', 
plant transforms ? 

Transformed Sunlight. 'Phe sun is the 

source of the energies displayed hy all living 
things, wli(‘tlun’ animal or vegetable. 'Phe 
motion of tlu* eyelid which intermittently 
cleanses your I'ye-ball with a tear as you read is 
triinsformi‘d siinliglit. Now, let ns see how 
this w'orks out. 

The eiKTgy which constitutes simliglit - 
irmliiding many rays which an^ invisible to oui’ 
('Ves — is toeuss('d, so to speak, by the chlorophyll 
of the plant leaf. In virtue of this influx of 
t'liergy, tin* living protoplasm (ff the cells of 
tin; knif is enabled to effect that extraordinary 
dissociation of earl)f)nif* acid which wo hav(^ 
already discussed. On tin* other hand, the 
plant elsewhere obtains wat(‘r and inorgani(* 
salts, which include among their constituent 
elements nitrogen, sulphur, and jdiosphoriis. 
'Phe upshot of th(^ i^lant's activities is ihe forma- 
tion from tlu'.si* food mat<‘rial.s — on which ive 
should so soon starve — of the countless complex 
organic compounds, a f(‘w of whh'h wc. have 
alrt'ady <liseuss(‘d. In them the kinetic energy 
of tin* solar radiation is still eon.served in the 
form of what wo call ])otential (rhemieal energy. 
TIk' plant does not create energy, hut it is an 
ineomparabh^ collector of it. 

The Energy of the Plant. On the other 
hand, the plant, like every living thing, is 
also a dissi])ator of (‘iiergy. Living proto- 
plasm, wlu‘ther found in tho plant or in 
the animal, must breathe — must take in o.xy- 
gen and giv'c out cavbonie acid and waiter. 
Hut th(‘ breathing of a plant, though nccossaiy 
to its life, is a v(*ry mueh less rapid ))rocess 
than the breathing of an animal. 'J’he ])lant 
lias not mueh occasion for the using up of energy. 
One great distinction between the plant and the 
animal is that the food of the former comes to 
it while the latter lias to find its food. Thus, 
the plant is not under the necessity of using ii]) 
mueh energy for ])urposes of locomotion, whereas 
the animal, wdiieh has muscles and uses them, 
must breathe extensively in order to obtain 
the oxygen which burns up its food within its 
body w'ith the transformation of potential 
energy into kinetie energy. 

'Pherefore, though wc must never forget that a 
plant breathes and must breathe, we look upon 
the plant as, on the whole, a synthetic chemist 
— a converter or transformer of kinetic into 
potential energy. 

The Ancestor of Us All. The sun 

shines upon animals ns ivell as plants, but 
animals have no apparatus whereby they can 
transform the kinetic energy of sunlight into, 
for instance, the kinetic energy of muscular 
motion. The carbonic aeid of the atmosphen* 
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and the nitrates and phosphates in the soil 
furnish no diet for the animal. The animal 
loorld ta absolutely dependent for its existence 
upon the vegetable tvorld, not only because the 
vegetable world is its ancestor hut became the 
vegetable uxnld is its daily bread. Now, just 
as the plant is typically a synthetic chemist 
HO the animal is typically an analytic cht mist, 
breaking down that which the plant built up. 
The potential chemical energy tlius obtained, 
Avliich, be it remembered, is transformed sun- 
light, is converted by the animal into kinetic 
energy which, in some cases (as, for instance, 
the light of the glow-worm) may be absolutely 
identical with part of the light which it originally 
was. But mu.scular motion is the most common 
form which this energy assumes. Lastly, (ho 
animal dies and returns to the dust. There its 
body is resolved by microbes or bacteria — the 
indispensable part played by whi(‘h in the 
existence of man himself upon the earth must 

be discussed in the course on Bacteriology 

into simple sulphates, ])hosphates, and nitrates 
which we call manure, in which form they are 
again taken uj) by the plant. 8o said Tennyson : 

“ And from his ashes may be made 
The violet of his native land.” 

Perhaps the writer may be allow'cd to quote his 
own previous expression of the significance of 
this : ” As w'e dwell, w'c living things, in this 
our ‘ Isle of terror,’ each of ns is inalienably 
bound to all tln^ rest. So you may he seltish 
for a century, but at i\w. last others will 
claim your dust. For altruism is the huv of 
Nature.” 

The Chemistry of Food : A Life for 
a Life. Many a large volume* might he written 
u])on the cheinislry of diet ; hero w e are mert'ly 
concerned with the principles, and must en- 
deavour to red\ioe the multifarious diet of tln^ 
many kinds of animals that inhabit earth and 
sky and se.a to their simplest terms. 

Fvery animal (as, fur instance, a man or a. 
sea-anemone) must have a supply of wal(*r 
and a supply of certain inorganic salts. In so 
far as these two items are concerned the need?; 
of the whole living world arc identical, for 
]ilants also must have water and salts. But 
if the plant has water, salts, and the ordinary 
ga.scs of the air, it has enough or a feast. On 
the other hand, the animal, and this is true of 
all animals, must hav<‘ some kind of j>rot<*id 
and, in the last ro.sort, this protcid is invariably 
a vegetable product. The plant ma<lc it out 
of its raw materials — having easily .solv(*d the 
]»roblein at which synthetic chemistry is still 
lieavily labouring -- and the animal uses it. For 
our present point of view it matters not a straws 
w'hether the animal be a cannibal w'ho obtains 
his albumin by eating the muscles of a fellow 
man, or be a cow munching grasses. In the 
last resort, the vegetable world is the source of 
all proteids for all animals, and w’^e are not licrc 
concerned with the appalling moral questions 
which arise in relation to Nature’s apparent law% 
(I life for a life. 

Animal life can be sustained on w’^ater, salts, 
and proteids. If the diet contain those three 


constituents alone the animal body will yet be 
found to contain fats^ and carbohydrates such as 
sugar. Now, wx* know for certain that the 
animal is incapable of synthesising fats or 
sugars from their elements or from simpler 
compounds, and we have clear evidence that 
when proteids, salts, and water constitute the 
whole diet, the proteids supply the source of 
the carbohydrate.s and fats which the animal 
body displays and utilises. Thi.s one fact will 
give us some little idea of the almost ineiilcu- 
lable complexity of the proteids, and the appall- 
ing nature of the task which the synthetic 
<diemist essays wlu'n ho attc'inpts to synthesise 
an artificial protcid. 

The Three Essentials to Life. But in 

actual prficticc it is found that the animal, 
including man, takes carbohydrates and fats 
as .Huch in its diet, and so we have live distinct 
items constituting tlu^ food of a man : proteids, 
fats, carbohydrates, salts, and winter. In c('rttiin 
c‘ases tlic second may be dis])cnscd with ; in 
certain cases the third ; life may continue if 
both second and third he* omitted ; but if (athcr 
the first, fourlli or fifth hc^ withheld death 
necessarily follows. 

The vegetcable body reqiiin's food, part ly for tin* 
accumulation of tissue and partly as a soui’cf^ of 
energy ; but we have seen tliat tJie vegetable body 
spends scarcely any enc*rgy. The animal body 
also rcqnin's food for two purposes, and two alone 
— the making of tissue and the supply of energy. 
The wuiter and the sjills are necessary for life, for 
a number of reasons, tliougli tliey cannot 
clearly and dclinitely be included under cut, her 
of thes(* purpose.s. Tin* animars ex])enditurc 
of energy is ('xfremely high, and by far the' 
greater part of its food is retpiin'd for tliis ])ur- 
pose. Tlie fats ami earbohydrates an* file 
principal so\irces of tlie potential clu'inical 
cn(*rgy, most of wliich tin* aniinjil will conv(‘rt 
into motion. TJiesc* failing, the ]>roteids will 
be n.sed, but wlu ri a suitable diet is emf>loy(*d 
the proteids an* very little us(‘d for this purpose, 
their main concern being to repbu'c waste of 
tissue. Proteids, indeed, are the eliief coa- 
st ituent of all protoplasm. Vegetable protoj^lasm 
makes thc'iu and animal protoplasm snatches 

them, ready made, from the vegetable. 

Proteins — the Principal Food Sub>* 

stances. We are \ising the term most 
<*ommonly employ<‘d in this country for tliose 
extraordinarily comidi'X compounds which, in 
certain varieties, are the; chief (ionslituents of 
all living Hungs. At an iriiimrtant scientific; 
meeting in (Canada, in the autumn of 1900, 
some steps w*(*re taken, however, to obtain a 
greatc*!* uniformity in the nomenclature. At 
present, the words protcid, albumin, and albu- 
minoid, are frequently used interchangeably, 
but the splendid work of Emil Fisch(*r has 
necessitated a more precist; nomenclature. 
It is therefore de.sired by those in authority 
that the term protein should ho f;mployed 
.as the general namt; for all those substances. 
It is at present so used in America and to 
some extent in Germany. These proteins, 

then, as they will be commonly called before 
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long, may bo divided, l«argely in conficquence of 
Fis(‘her’s work, into about seven grou^w, or 
sub-classes. It is possible to make artiiieially 
certain substances wliicli l)elong, or all but 
belong, to the simplest of these sub classes — 
tie* group known as the protamine.^. From 
th(‘se, which are relativ(‘ly sim])le, we pass 
in increasing coinj^lexity througli a spe(*ial 
albumin, such as (‘gg albumin, tJi rough such a 
substance* as g(*latin, whicli is ratlu‘r more 
(*om])l{‘X still, on to the tiluro-protcims, such as 
mucin, the eharaeteristie. constituent of the stuff 
eall<*d ynuruf^, which is proiliu'cd by mucous 
membran(‘s, on to tlie )iurlm-prntein-<, and at 
last to the (*olouTed or rhromn-prntrin.s, the most 
celebrated aiul com])licated of which is Juemo- 
glol)in, the red colouring matt(*r of tlie blood. 

The Most Familiar Proteins. Of 
course, it will be s(jme time yet before the 
term p!‘oteid is discarded. It is the generally 
r(‘cognise(l word in this (S)untry, and w’e have 
e:uploy(‘d it (*very\vher(‘ {‘xe(‘])t in the last 
pai-agraph. Jhit w c* desire that the reader should 
not })e <*on founded when he meet.s the word 
prot( in, as lie certainly will do more frequently 
ev('ry succeeding yi*ar. 

We may (|uot(' from Sir William Ramsay a. 
very brief d(‘scrif)tion of tlu^ most familiar sub- 
class of the ju’oteins. it contains the main facts 
in very small spa's*. 

Allaunins are llu* chief constituents of 
animal organisms. They ari^ soluble in wat(*r, 
hut are pr('cipitat(‘d by warming their solution, or 
by till? addition of strong acids — cojipcr sulphate, 
mercuric (diloride, basic lead acetate, etc., and 
also by tannic, acid or alcoliol. 'Phey turn 
yellow’ when boih^l with nitric aiud ; giv<* a r(*d 
(ioloiir with Alillon's r<*ag(*nt. (a solution of 
mercuric nitrate containing N./>.,) ; and violet 
with caustic soda and a trace of cop])er sul])liate. 
They combine with both acids and alkali(*.s. 
They (amtain sul))hur. When hydrolysed by 
boiling w ith baryta-w'at<*r, the chief products arc 
amiclo-ai'ids, sueii as amidoaeetie acid (glyeoeoll), 
amid()ca]noic acid (leucin), etc. They are con- 
verted by gastrii* juice (pepsin) into a soluhh^ 
grey mass, named ])e])ton<*s, which an? not 
coagulated on boiling.” 

Chemical Processes in Living Matter. 

Vtilising tlie (Ireek w’ord HinM, life, chi'inists now 
frequently speak of bio-eheinisliy in order to 
indicati* the study of tlu* ehemieal processes 
that f*ecnr in living matter. This term has 
the c/ivantage that it is almost identical in all 
languages — an advantage common to words of 
(lre<*k origiji and largely <*x])lanat()ry of their 
wide u.se— and it has the furtlier advantage that 
it avoids tJie term rital ; which is apt to .suggest 1 he 
theiyy of Vitalism, unless that tJieory has been ex- 
plicitly'^ disiMissed and abandoned, as in onr case. 

Tlu* study of the p]*oteins is the cardinal 
necessity for tlie hio-ithemist, and in our brief 
disimssion of the subject we shall utilise tho 
volume just published by Mr, John Murray, 
under th'^* title “ Chemistry .of the Albumins,” 
by Dr. S. B. Schryver. This volume consists of 
lectur<*s delivered before the University of 
London, and is one of the quite invaluable series 
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of such volumes whieli have Ix'on issued under 
the ans])icos of that gniat institution since it 
became a teaching reality and not a mere 
examining body. \l is necessary to add that 
Dr. Schryver us(*s tlie older terminology, and 
lhat what h<* calls albumins, for convenient*, 
are now to b(» know n as ])roteins. 

We cannot lieri* dismiss the modern theories as 
lo the eonstitiition of the various albumins, th;* 
possibility of the (uystallisation of some of them, 
as, for instance, liicmoglobin, or tJie extremely 
important question of the various degradation 
products of tlu* albumins, vec(*ntly studied with 
.s])lcndid n*sul(s by Fisclier and his pupils. 
Briefly, w'(* mer(*ly’‘ noli* that among these 
degradation jU’otliicts are included fats andearbo 
hydral<*s. Tlu'se av(^ (l(*monst rated chemical 
observations, and an^ in strict, correspondence 
with what was said above when wc wert^ dis- 
cussing tlic dit*tarv groups. .Also, we can only 
reft'r tlu* rt*ad<*r to th(*se extremely valuabh* 
lec.tur(‘s for a. discussion of the chemistry of 
luemoglobin, w'itli tlie importance of which the 
n‘a<b‘r is alri'.tdy iW(piainted. 

Three Fundamental Facts. Here, 
however, we must att(‘iul ea.refully'’ to the theories 
of bio-ehemieal action, wliich the author discusses 
in his eoncluding h‘ctures, and which are of 
transiendent interest on t very ground. And 
first, as to d^tinit * facts. There are thret^ which 
art* obvious and fundamental : 

1. That the anjanl'^m is in a state of (umstanf 
chatvjc. " 'Po liv’e is to change,” says (/ardinal 
N<*wman, somewhere ; and this is true not only 
of the psychical life, but also of tho pliysical. 
(Vaseless change in the moU'CuUiS of living 
protein is a ivx*essary condition of life wlu^rcver 
it is manifested. 

2. The molecule of the albumin, which performs 
th<^ normal chemical function necessary for tlu* 
maintenance of life, com park'd w ith ordinary 
molecules, is of enormous size ami very unstable ; 
it lo.scs many of its prop(*rti(*s on tlie application 
of a very moderate amount of heat. 

3. The chemical reactions necessary for the 
maintenance of life tak?. place, within very narrow 
limits of temperature. Furthermore, these tem- 
p(*ratures are very much lower than those which 
an; otherwise found nei^cssary. For instanc<*, 
a common])lace in bio-cluanistry is tjie oxidation 
of fats and caibohyd rates by means of tlu^ 
oxygen of tlu? air at the temperature of the body. 
” Hence,” says Dr. Schryver, “ we are dealing 
with abnormally larger molecules whicli an* 
constantly bringing about chemical change at a 
temperature of about 37'^ C., which changes occur 
in vitro (that is, in a test-tube) only at higlier 
1 1*111 peratnros, and witli the use of cnorgi‘tic 
clumiical reagents wliich do not exist in tho 
body. We ai’e forced, therefore, to seek for some 
siiecial explanation of bio chemical reaction.” 

Life ** A Series of Fermentations.** 
Now, it appears that tho explanation of the 
possibility of these reactions under Hicse con- 
ditions must ultimately be expressed in terms of 
what we know as fermentation— \n short, putting 
tho matter iinphilosophically, crudely but 
memorably, “ life is a series of fermentations, ’ 
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The technical term employed is caicUyaia or 
catahftic action. This term is rather wider 
than the term fermentation^ but all fermentation 
comes under its heading. 

A ferment is a substance which induces 
chemical change by its presence, without itself 
undergoing any change. The most familiar 
instance is the pepsin which Sir William Ramsay 
mentions in the quotation above. More powerful 
than the pepsin of the stomach ia the trypsin 
which is produced by the pancreas or sweet- 
bread. These substances, without themselves 
undergoing any change, are capable of breaking 
down the ordinary albumins of the food in sikjIi 
a fashion that they are afterwards capable of 
absoi-ption into the blood. 

Ferment Action. A fennent, or enzyme ^ 
as it is often called, is a product of the living cell, 
and is highly complex in composition, but it is 
possible to find outside the living body parallels 
to the action of a ferment. For instfince, we know 
that the peroxide of hydrogen, in the presence of 
I)latinum black, is decomposed with the evolution 
of free oxygen, while the platinum remains un- 
changed at the end of the reaction. Various 
theories of ferment action have been advanced, 
but it suffices for us to note here that the 
reactions due to ferments in the body are rarely, 
if ev'cr, much more complicated than this catalytic 
decomposition of peroxide of hydrogen; indeed, 
we may say that oxidation, reduction, hydrolysis, 
and dehydration will include all, or ijractically 
all, the forms of ferment action. Furthermore, 
the chemical changes indviced by ferments are 
usually such as would be apt to occur in any case 
though not at such a speed. This will explain 
the important delinition of Professor Oatwald, 
who is one of the greatest living students of the 
subject : “ a catalysor is a body which, without 
ai)pearing as an end-j)roduct in a chemical 
reaction, alters its v^elocity.” 

Theories of Bio^chemical Action. The 
(jldc.st theory of bio-chemical action contains 
ns its essential part the proposition that the 
living molecule (as, for instance, in the con- 
tractile cell of a muscle) is capable of taking up 
oxygen into itself, which is thereby held at the 
dis]>osal of tlie organism ft)r t he jnirpose of oxi- 
dation. The reader is familiar with this theory. 

We have referred to the next theory, that of 
Pfluger, which assumes the truth of tlie theory 
of inlra-molccular oxygen, and the s]>ccial 
character of which is its insistence upon the 
potential energy in the cyanogen group assunuxl 
to occur in the living albuminous molecule. 
Many subsequent observers have restated this 
theory in various forms. 

Later, we have the remarkable theory of 
Ehrlich, who conceivc^s of the whole protein 
molecule as having a ferment- like action, part of 
it being specialised for the purpose of anchoring 
oxygen to the molecule, and another part being 
specialised for the purpose of anchoring various 
oxidisable substances, with obvious consequences. 
To Ehrlich we owe the idea of specialisation of 
function within the molecule. This is a very 
great advance. The theory is often known as 
the aide-chain theory. 


Then, onlv three years ago, Professor Verworn 
combined the side-chain theory of Ehrlich with 
the theory w’hich assumes the existence of sub- 
stances w'hich can act as oxygen carriers, and 
with the theory of intra-molecular oxygen. 
This, which is known as the bioyen theory, will 
undoubtedly require much modification, but at 
the present time it may be regarded as the 
best working hypothesis available. 

The Chemistry of the Stars. Space 
does not hero avail of the discussion of what 
is usually known as physiological chemistry^ which 
discusses the particular chemistry of the various 
organs and tissues of the body ; we have preferred 
to discuss the more fundamental subject of bio- 
chemistry in general. 

And now we must turn from the chemical dis- 
cussion of life upon our little earth to a study of 
the chemistry of the illimitable heavens. M^liis 
is a subject for volumes, and here we must 
merely state the main outstanding facts. Else- 
where in this course, and in the course on Physic s, 
the reader has made acquainianct* with the*, 
method by which many facts of the chemistry of 
sun, stars, comets, and nebulai are as positively 
known us if portions of those heavenly bodies 
had been sent by celestial post to the tdieniist's 
laboratory. We know that there is no morc^ 
certain evidence of the identity of the atoms 
of any substance than the characters of the 
light which those atoms give out when the sub- 
stance Ixjcomes luminous, 'rhiis, by means 
of the spectroscope and spectrum analysis, 
we have acquired knowledge which some of tlu^ 
wisest thinkers of not< so long ago declared to 
be forever beyond the reach of the human mind. 

Is Evolution Universal ? The first 
amazing, yet utterly natural, fact is that tlie 
elements of which our own ImkIIcs and our 
surroundings are composed also cj)nstitut(‘ the? 
heavenly bodies. In the light of the most 
recent knowledge it is, perhajis, not possible' to 
say without some (pialificatioii that we know 
of no c'leinents in the* lieavi'iis that are not found 
on the earth. We. may undoubtedly Ix'lii've 
that therci is no kind of celestial stiitf whicli is 
utterly distinct from terrestrial stutV ; but it is 
quite possible that tbere may be re|>resented in 
the heavens, stagers or forms of atomic evolution 
with which wc do yot hapi)cn to be familiar 
ill this our little rnoinent of tim(\ and upon 
this our “ lukewarm bullet.” as Stevenson 
called it. Tn Sir Norman Lockyer’s opinion 
there is, for instance, an element characteristic 
of the corona of the sun, and this element is 
known as coroniam. But though this were 
so — and a thousand instances Iwside it — th(^ 
fact would remain that there is a real identify 
of composition alike in heavens and earth. W\^ 
may also remind ourselves of the celebrated 
case of helium, discovered about a quarter of 
a century ago in the sun, and named accordingly, 
but now known to occur upon the earth also. 

The study of inorganic evolution in its widest 
sense includes the study of the evolution of atoms 
and the evolution of jilanets, suns, and stars. 
But we must not confine ourselves merely to 
atomic evolution as it has lately been recognised 
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in InboralorioR of earth. It is suix'ly ex- The Temperature of the Stars. Now, 
tronifJy ])ro])al>lo that ntomie evolution" also this last fa^'t- loads us to a brief discussion of 

oc:urs* in th(^ lu‘M vous. Our minds having been the great theory of Loekycr, that atomic 

jnepared by recent knowledge, we should think evolution in the heavens is an orderly and con- 
it very strange inde(‘d if no ease of atomic tiniious process, dependent upon orderly and 

dissotriation could be recognised in the sun. continuous changes temperature in the stars. 

Evolution in the Heavens. Now, Sir The study of the light given out by various 

Norman Lockyer bas devoted a grc'at part stars seems to show cpiite clearly that they vary 

of his life to th(‘ study of this subjec t, lie has in temperature, and Sir Norman Lockyer has 

shown, whal is jiow a eoiimion])laoe, that th<‘ divided tlui stars into three gi’oups:. gaseous 

speet rum of nn c'lcMiKuit alters wit Ji literal ions of stars, metaUir stars, and carhon stars^ the first 

tem])eratun‘ ; end m> modern student of radium group being of the highest temperature and the 

iind its revehitioiis can doubt tliat these changes last group of tin*- lowest. We may say, in a 

are du(‘ to atomic* ebangv^s Avitliin tlie luminous word, that the oviclenec^ of comparative tern- 

substanc'c* that is examined, and, in the* upshot, peraturo depends, as in the ease* of a hcalcMl 

that these ator))ie clianges are due* to atcunie poker, ii}K)ti the comparative Ic'ngths of tlu* 

dissoeiat ion. 'I’hus, in the ease* of iron, wliieh spectra given out by the stars, 

is known to ca-eur in the sun. there is rc*ason to Examining the stag’s in this fashion, Sir 
believe* that such atomic cli^;s^eial ion oc*eurs. Norman Lockyer finds that the ehomieal com- 
Says Professor Duiut.u : “In one* ])art of the position of a star va!i(*s with its temperature, 

sun. called the ‘ n*V(*rsing layc*]*,' the spectrum Tin* hottest gasc*ous stars scorn to consist of 

(»f iron is rt‘prc‘sc‘nt«‘d by nearly a thousand lines. eornparativc'ly few gaseous elements ; then it 
In another part of the sun, calk'd the ‘ c*hro- would appc'av that as the star cools there occurs 

mospheic*,' whic h is apparc'fply at a much Ingher somc^ siieh “ eotieoui'sc of atoms as Lord Kelvin 

tc'inperatiuc, the* spc'ctnim of inm is rechiecsl tc.) has latc'ly Ijc'cn writing of. 

two lines (inly. Jt is diflieult to kcm* what otheu* Fascinating tliough it be, ehc*niistry is not the 
c*x])lanation we can assign to this rc'inarkahle only subjc'ct ner^decl to make* an educated man, 

fact than that at the* higher temper.it urc* of the and we must bring our present study'’ of it to a 

etiromosj)hcT(‘ tin* atom of iron is (leeom])osed close*. Wh* have merely o])oned the door to cndk'ss 

or dissoeiateel into some simpler constituent wfmders, and have jieepcd in for but a moment, 

whieli app<*ars at tlml point. 'I'his ex])lana- The Future of Chemistry. Tn arranging 

tion is n'ruk'ie'd additionally valid by th<‘ the ])ro])ortions of our vast subject wc have 

furtlu'r fact that in sun-spots one set of iron deliberately recognised the all but ovcrvvhclm- 

lines is found, and in the ehromosjihe'i’e, rpiitc ing importaneo of recent work in chemistry, 

anotlier. " 'These* and oth(*r re'asons k'.id us to We* have* not at all followed the orthodox lines 

siipf)osc that in the* sun, as Lockyer .says, “we of an ek'rmmtmy e]i(‘mieal textbook; hut the 
arc not dealing with iron itself, hut AvitJi juimi- truth is that those orthodox linens Avill very soon 

tivc forms of matter contained in iron Avliieli ecase to he orthodox, and that a vast propor- 

are (‘apable of withstanding tlu* high tcm])eiM- tion of the ivaetions and technical ])roecssoa, 

(urc of the sun aflt'i* the iron, observed as sueh, de‘.s(*riptions of salts, and so forth, whieli now* 

has broken uj). ’ Similar evidence can be ad- occupy so much of the ilnmiieal textbooks, 

dueed to show that othe*r c'lements, sueh as will be ri'gartled as no more worthy of a 

magnesium and calcium, aiv also dissociated ])la'*e in a discussion on ebemistry in general 

in ])arts of the sun. than, let ns say, the minute details which 

A Con.stituent of the Hottest Stars. distingiiisli tlie muscular anatomy of the tail 

'The stars also yield evidence of the same thing, of one kind of tisli from that of another 

not only in the* ease of these metals, but atso kind of fish will be^ (k*(micd worthy of ta pla^e 

in the ea^se* of many others, such as eojiper, ehro- in a general textbook on biology. Though 

mium, and strontium. 'The ti‘rm proto has beeni principles depend upon details, and though one 

applied (until fuvthei- knowledge) to the names little fact is quite sullieient to overthrow the 

of the* dissociated constituents of the element gre*ate^st of generalisations, yet wc must recognise 

as tlu*y are found in the sun and stars. Says that for the jiurpose's of education the details 

Professor Dune'an : “A very important proto- are but mea’is to an end, and that that end is 

element is )>rolo- hydrogen, disaovei\*d by the knowlcfUjc of principles. 

Professor l*iekering of Harvard l^nivcrsity, ’ in Tin* write]* takes leavii of his readers with tin* 
a ewtaiii star. “ 'The spectral lines representing utmost regret and Avitli the earnest hope that 
this substance Pickering at first supposed to here and there he may have impac ted to them 

signify a new e‘lem(*nt : but he was able to show'^ some of tbo interest which his fresh review^ of 

later that they be'longod to a now* serie*!*. of hy- the*, subject as a wliole has excited in him. 

drogen linos conslituling a form of hydrogen He c«an scarcely think that anyone has enjoyed 

unknown on earth. ’ This pi’oto-hydroge^n has reading this course as much as he has enjoyed 

since boon discovered in oilier stars, and if writing it, but at least he hopes that the pleasure 

is extremely noteworthy that the* .stars in AvJiich has not been ad on one side. And wo may 

it occurs are the hottest stars known. liope, also, to meet again ! 

Chemislnj c.^n- luded; followed hy 
Applied Chemistry 

For the Bex^t Books on (.•heniist-'y the student should see the diseuBsion at the end of Physic’s. 
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By W. S. MURPHY 


Top Boots. \Vl)cn it coa<«’d to bo the 
ambition of every ivsjx'ctable young man to 
possess a pair of line top boots the })Ooimaking 
trade declined in its most artistic, and profitable 
branch. A top boot is a big jol), and calls for 
patient care, deft hands, and a good <‘ye for 
etfect. W<‘ do not n'h'r to the eoirse things 
th.at are made for o-itlers and stable-boys, Imt 
to the boots of gentlemen. This trade is still the 
mainstay of many hand-working shoemakers. 
Hiding, cavalry, and livery boots have all special^ 
models, and the civilian top boot differs from 
them all. What distinguishes tops from every 
other form of boot, is the long leg and the pl.un 
front. Tfovsemen's boots of the lower class arc 
simply plain-fronted boots with leatlu'r stov(‘- 
pipes stuck on to them. But the best class tops 
are one piece of tine leather from head to toe, 
with side-scams joining b.aeks and fronts, lined 
with fine chamois or morocco, and topped with 
a broad band of soft leatlier. 

Making the Top Boot Upper. When 
measuring for top boots, tlie length and tbiek- 
ness of the log must be taken as w<‘ll as the 
proportion of the ankle. Kvory fraction of an 
inch in the limb has its graduation to ho account ed 
for, if the boot is to fit ))ropei’ly. Cutting tops 
is anxious work, and can be safely uiiflertaken 
only by skilled workmen. The best way of 
acquiring the requisite skill is study of good 
models and instructions from a ]>ra(^ti<*al man 
while he is at the work. Having got all your 
stuff gathered for the tops, the next business is 
to sew and shape it. The long side-seams, tlie 
stiffening of the backs, the shaping of tlie fronts, 
the fine adjustment of the linings, take mueli 
patience and skill. Then every seam must be 
fattened out to almost invisibility. But when 
all is dom‘, the. result is worth the pains ; you 
have a splendid boot, tit to be worn by a king 
— that is, alw.ays provided that the soles aiifl 
heels are worthy of the top.s. 

No matter how well it has been sewn, tlie 
boot top is rather an iin.shaf)ely thing ; but we 
have the remedy. Made of liard wood, and 
fashioned to the shape of the human foot, the 
last is the mould of the boot. The best kind of 
last [33] is in two p.arts, the lower lialf repre- 
senting the body of the foot from the middle of 
the ankle, the upper part giving the front of the 
leg and the instep. Over this block the top is 
stretched and shaped. 

Stock of Lasts. Lasts are clu‘ap, and it 
pays to keep a large stock of In addition 

to a pair of lasts for every size, it is good policy 
to keep special lasts for particular customers. 
A first-class shoemaker generally has a large 
number of lasts rented or owned by customers. 


for wliom fbey have been spe<ia.lly prc'paved 
and key)t. 

Shaping the Last. W^ith the measure 
and nof es in hand, we go to Uk' last rack and take 
down the lasts recpiired. If no si/.e eorresj^onds 
exactly with tlu' nu'asures, we take the nearest 
in size, and begin to work. b\>r lengthening, 
put a neatly pared ]>ieee of leather on the heel, 
like a pad; lay a toe-cap on the toe. For a 
higher instep, cut a neat long ]).ateh and put it 
on the inste]), and so on for all oIIkt peculiarities. 
TJie pieces must be tinely gradtsl or skived, so 
as to fall in with the general tmtline of the last, 
and pastcsl tirmly on. 'Phe ideal last, is Hat, on 
the heel and under the toe-joints, and finely 
tapered on the top of toc'S. 

Cutting Out. If a shape be not already 
in existence for this last, we liavo to eut om* 
exactly the size and sh.a])e of the sole as a guide 
for iinding the si/.e of tiu* insole. With this and 
our measures we go into tlu' leather store'. 
Insoles shouhl be' of good body, but thinner than 
soles, the leatlu'r from the shoulder of an average 
hide suiting W(*ll. C’ut o\it to sluipc from the 
bide, rese'i'ving scraps for packing. From the 
same hide eut tiu' stitfeners. 

Sole Cutting. Ne'xt lay tin* lode' of so!<‘- 
leatheu* on tin* cutting tahk' and cut off right 
and left sok's, rougli to measure'. 'Pliis leatlier 
should b^ stout, lirm, yet Ilexible, of a 
brownish buff colour shading to dull white. 
T.,ast are*. th«‘ welts. So.ue bootmakers buy these, 
ready-madc!, of an oil tannage ; hut they may 
be cut from a Avell-taniu'd Friglish shoulder 
tliat has been shaved evc'iily. (.‘ut strips over 
j in. broad, tin' crossway of tlu* hide, (kxtlier 
the stuff together, and fling it all into a tub of 
water, sousing well over. VVdien all have been 
thorovighly soaked, take out everything but the 
welts, and lay out in an oj>en place to dry free 
from water. 

Blocking the Insole. While still darn}), 
the insoles are Sf'raped and lightly heaf<'n 
smooth with tlie broad Jiamnier, stndclied on 
the last.s. taekc'd down, and k'ft to tlry in sb.i}) '. 
As soon as they are linn, the insoles are ent 
neatly to the edge of the last, the solo lined 
across into tlirei^ parts - the heel, the waist, tand 
the fore part— ami skiva'd away llnely at tlu^ 
waist. Keep the curve well within the sifles of 
last, cutting deeper to the inside of the foot. 
Tlie insole has to be sewn to the up]ior, and tlu* 
operation is a delieat.o one. To make it- as easy 
as possible, wv^ hok^ the insole by itself. Round 
the edge of the insole make a bevel, or feather, 
about in. broad, cut shaiqily half through the 
b'aiher at the inside, and tapering to the edge, 
forming a corner all round the sides of the insole. 
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Tnkc the awl and strike holes from the face of 
the insole to the surface created by the feathering. 
It. is plain that if a thread is passed through 
those holes, a strong catch will be formed. 

L#asting. Lace the top neatly with a strong 
leather lace up to the bend of the foot. Sit down 
on the bencli, put the last between your knees, 
liccd to the left, place the top evenly on the 
last, and pull it strongly down, drawing more 
to the toe tluin the heel. This done, turn the 
last sole upwards, and take the heel betwwn 
your knees ; pull the too of the upper over the 
too of the last and tack it into placo. Watch 
carefully that the top is centred on the last, and 
then begin ta(;king all round. For pulling down 
the top we are provided with a pair of fine strong 
pincers. Begin round the too and work evenly 
along both sides to tho heel. B<‘fore fixing up 
the sides, however, we put the side linings in 
betw'een the linings of fhe tops. When the top 



33. KNIFING A LAST 


is being folded down on tlio last, wrinkles and 
jupings naturally form ; these must be beaten 
out and tightened over, or iinsiglitly work will 
he the result. Souu'times the last is haixl to 
drive into the top, and we h;vvo many recipes 
for overcoming llu; diniculty easily; hut we 
know of none like intelligent ingenuity and 
pati<mce. Th(^ top has to be made smooth over 
the last, and the job can be dont\ 

Welting. From lying in the tub all this 
time, the welts are soaked with wat(T ; strike 
the surplus liquid out by rubbing down with 
a hammer handle, or anything handy ; then 
skive the inner edges on the grain side. Take 
the one you are going to work with, and fit it 
round the sole of the last, marking where the 
creases caused by the turnings are highest. Cut 
the creases out, taking care not to lessen tho 
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strength of the w^olt. A welt properly shaped lies 
as fl at and keen as a knife blade. The welt should 
ojorne up the solo to about the end of the waist, 
and no further. If too long, cut off the ends. 

Sewing and Stitching. Our work up 
to this j)oint has been preliminary ; the serious 
and important business begins now. Have 
ready several threads, seven-ply, well waxed, 
and with strong bristles on the en^ ; put on tho 
sewing-mittens — skeleton gloves that leave tho 
fingers and thumb bare, and protect the palm and 
back of the hand ; set the boot between the 
knees, lieel outward, and bring the belt over the 
waist of the boot, lightening it wdth your loft 
foot on tho buckle. Start sewing on the side 
nearest tho left hand : drive the long jioint of 
tho awl through the hole in the insole, through 
llie welt, and bring it out through the top or 
upper, and up through tho welt. Send one end 
of tho thread thtj same path, and draw till half 
is on one side and half on tht^ other. Pienre 
with the awl again ; put the bristle in the right 
hand ilirongh h’om above, and the bristle in the 
left hand through from ht'low ; grip tlie bristle 
coming up with the right hand, and tlie oth(*r 
going doA\n with the left ; draw firmly yet 
g<‘ntly, winduig the cords round your hands to 
got pureJiaso, and then tug once, twi(;e, thrice, 
with a. swimming ac^tion, to drag the threads 
through [34J, and give? a last firm tug to tigliten 
the stitch. For this operation slrengtli and in- 
telligeiuM' are re<pjired in equal proportions. 
Ah're force will break the insole or tear open 
tho path of the thread. After careful practice, 
the art comes naturally, and the skilled boot- 
maker meclianically forms thc^ stitches (irmly and 
necuratoly. In this way the wiiole welt, is sewn, 
.and tho insole, top e.nd welt, all firmly joined 
together. 

Sewing Round the Heel. On tho heel 
we have no w'oll, and the top must bo joined 
ill some way to tho insole. Nothing could 
bo simpler. Take a mnv thread, send tlio aw! 
curving as before llirougli insole and to]), sow 
strongly round, and secure by a knot at the end. 

Trimming, As stitch after stitch was made, 
the taekvS holding tho top to the last were taken 
out ; but tlien^ are yet other trimmings to be 
don(‘. Kougli edges come up from the upper, and 
welt pi'otrudes over tlie waist. For hunting 
and othej* classes of heavy boots, the welts are 
left on ; but in oi’dinary bools the welts are re- 
duced at the wraist. All the supmlluous stuff on 
top and wx‘lt has to be finely pared off, but not 
so closely as to weaken the stitching. When this 
Ills ln'cn done, the seams should be hammered 
dowm smooth with the flat head of the broad 
Jiummer, care being taken to avoid bruising the 
stitches. 

Soling. Between the surface of tho insole 
and the level of fha welt there is a difference 
which must be filled up. A padding of felt is 
favoured by many shoemakers, and for light 
lioots it does very well ; but soft felt cannot add 
anything to the strength of a sole, and our duty 
is to make it as strong as possible. Scraps of 
good leather, s^ved to a uniform thickness and 
neatly built to each other, form a strong packing. 
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Paste all over the insole with thick, strong 
p.’ste, and lay in the packing, pressing down 
smooth. Over this brush a coating of paste, and 
fix on the sole. 

Beating the Sole. Before putting on the 
sole, however, we subject it to someliard treat- 
ment. Lift the heavy iron lapstone on to your 
thighs, smooth face upward; take the broad- 
faced hammer in your right, and the sole in your 
left hand ; lay the leather, flesh side upward, on 
the lapstone, and hammer firmly and evenly from 
the centre of the sole outward. Our objeet in 
the operation is twofold — first, to Aveld the fibres 
of the leather together ; second, to give the sole 
a smootli surface on both sides. 

Shaping. Anotla^r point should be nu'ii- 
tionedhere. In heavy hoots th ^ sole is put on 
just ns it is with, of course, the nec<*ssary paring ; 
hut light boots and theses to lx*, finely shaped 
have soles skived on the umler side of the shank, 
a broad crescent on each sid(^ thinning the leatiuu* 
towards the edges. 

Laying on the Sole. Laid evenly on, the 
sole is tacked down, a tac^k in the eentr<' of the 
tex^, one in the middle of lh(‘ soU', and two at the 
end, near the se«at of tht^ land, s<‘euring it firmly. 
Now brace the hoot between tlui kiii^es, and 
hammer smooth and fiat all over the sole, 'rurn 
the boot top up, and tak<i a cold iron and smooth 
down the welt, setting it at right angles with tlie 
upp(‘r. 

Paring. Our boot begins to take shape, 
and the thought is an inspiration for the deft 
and delicate work of paring and sha})iug. All 
round, and at toe and waist esp(‘eially, the sol<‘ 
stands out rough and rugged, ^rhosc' rough edg(‘8 
and corners arc to lie cut otT, but he sure you 
realise what is to he aimed at in the cutting. 
Many a million boots hav(*. been spoiled in the 
trimming. Mark lightly th(5 outline of the soUi 
with the back of the knife, and tluMi, witli wrist 
braced, and fingv'rs steadily guiding tlu' blade, 
cut away the rough edges round the sole, and 
show what a fine shape it was designed to he. 
'rhat is good art and fiiui craft, and now wa* pass 
on to the art which conceals craft — rnakt^ th<* 
channelling that conceals tht^ sewing of the sob* 
to the w'elt. 

Channelling. This is not a simple matter 
of drawing a lino round the edge of the sole ; 
it must be gi'aduatccl from ‘d- tlic sides to 

} in. at the shank. Having drawn the lines witJi 
s pair of dividers, take tin? knife in the right hand 
like a pen, slant the point into the solo, and make 
a cut on the line that raises the surface of tlie 
leatlier. Deepen the channel w'itli the slanting 
blade of the prick-stitch, and lift tJie flap widc‘, 
so as to be out of the way of the stitching awl. 
Turn over the boot, and run the fudge wheel 
along the w^clt, as a guide to stitching. 

Stitching. If it desired that the stii<*hing 
should be shown up, make a thread of yellow' flax, 
and wax it with white wax. The thread should, in 
any case, be formed of the finest hemp, and 
waxed sparingly.* Sot the boot, side up, between 
the knees, and bind firmly in position with the 
belt over the shank and under the foot. With 
the stitching awl, make a hole through welt and 


sole, bringing tlie point of the awl out in ilio 
channel cut in the sole, and so begin tho work 
of stiteliing. The rest is obvious, and furtlicr 
detail is needless ; but a hint or two may be of 
service. When about to make a stitch, set the 
curve of the awl against the ujiper and the point 
fui the fiat of the w'clt, drive the point quickly 
through the leather, hriiiging the elbow down 
with (he stroke, lifting the elliow again to with- 
draw the awl. To aid the awl, th(^ left thumb 
should push the sf)le at the moment of the stroke 
against the point. As the wax wears off the 
thre.ad, always renew* it on the side furthest from 
tho boot, so that none of the wax may fall on the 
ujiper and spoil tlie work. Aftm* stitching, the 
channel i.s closed over (ho stitihos. 

Building the Heel. '1 'he leather for the 
h(‘(‘I must be hard, Ihiek, and linn in fibre. For 
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an ordinary sijuan* hix^l, wo recpiin^ a seat -piece, 
two pairs of lifts, and a sole-piece, (kit wide, 
so as to eover (he he(*l-st itching, the scat-piece 
is j>egged on and made square with the end of tho 
sole. Next , the pair of split lifts have tolx^ placed. 

Making Splits. Split lifts are formed out of 
a solid ])ieeo of butt leather, 1 in. broad, 7 in. 
long, split into two wedges by a simple process. 
Lay the l<;ath<u’ flat, holding it down with th(^ 
left thumb in the centre. Put the knife into 
tho head of tho strip near tho outer edge, and 
make a slanting out down almost to the other 
side ; then draw the knife evenly down, and the 
leather will be split in equal wedges. Soak the 
splits in water, and bend the ends together 
vertically, and they w'ill form a ring -with tho 
inner edge curling. Hammer down the raised 
edges, and a heel-piece will lx? formed. 
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Lraying on Split Lrifts. Rasp the seat- 
piece roughly, and cover with paste ; lay on the 
split lift, and tap down with the hammer ; repeat 
the process, and put on the second split lift ; 
pack in the centre with leather. Now' put on the 
solid lifts and top piece, {Hogging them down. 
Thus firmed, the heel is ready for sowing. Ex- 
cept that the heel is harder and deeper than the 
sole, there is no difference between welt sewing 
and heel sewing. The awl, of course, is straight. 

Shapes of Heels. No one knows the 
variety of taste there is in regard to heels except 
a bootmaker with a good class of trade. Square 
In ‘els, round heels, high heels, pegtop heels, and 
many modifications of these puzzle the boot- 
maker’s wits. Let no one imagine tliat it is 
merely a question of a different form of h<‘el ; 
the kind of heel frequently determines the whole 
character of the boot. A high heel makes a long 
angle which must be eompt'nsatcd for somehow', 
or th<^ tips of the toes and edges of the heels are 
certain to get the whole weight to carry. The 
last must 1)0 modelled aec^ording to the height of 
tile heel. There are various ways of doing this, 
the most common method of ueeommodat ing 
high heels being to shorten the arch of the foot 
and heighten the instep on the last. Other 
methods are adopted, but these arc special to 
ilillenmt makers. 

Finishing the Heel. The lieel is the last 
to be made, and the first to bt^ finished. In spite 
of all our c^are, the edges of tlie lifts show, and 
the ideal heel is a solid block. First round off the 
top piece with the knife, and then cut the lower 
layers of leather to an (‘ven sha])e. Tliis is called 
knifin'] f and the succeeding pccning proc(*ss is an 
apparent contradiction of it. With the pe<‘n, or 
smooth bar on the nose of the hammer, you make 
a regular series of dents in the sides of the heel. 
'I’he short, hard strokes of the hammer, whih* 
raising rough dents, has been welding the lifts 
togtdher, and when the rasp has been apjilied 
and has cleared awaiy the d(‘rits, a .smooth, solid 
surface remains. 

Smoothing Fdges. We leave the heel in 
that state for the present, and takt^ up other 
parts of the boot. Apply th<^ sharp knife to the 
shank and sob*, clearing away the rough edges 
and stiff corners, till the outline of the boot runs 
clean and smooth from waist to toe. Now' the 
<‘dge of I lie sole has to be peened and rasped in 
tht? same style as the iieel. Keep the strok<‘ of 
the yxnai well in the? centre of the sole, for the 
edges are tender and may be frayed. Similarly, 
in rasping hold the sole steady wdth the left hand 
and rub the rasp (irmly along the centre, taking 
about 3 in. at a time. One side of the rasp is 
sharp-toothed, and the other is a line file. With 
the file .side go over all the rasped parts and 
smooth them down. 

Bvff ng is the next process, and is designed to 
clear away whatever marks, scratches, or stains 
the leather may have taken on, as well as to give 
a nf<w surface. Before the ago of machinery, 
the buffing tool wa»s a piece of glass ; noAV we have 


buffing knives — flat pieces of soft steel given a 
turned edge that scrapes the surface of the leather 
evenly. Go over the sides of the sole and heel 
with the knife, making a clean, hard surface. 

Sand*pap^ring. We have done with the 
tools that cut, and take up the rubbers and 
smoothers and polishers. First of these is the 
sandpaper, a strong flexible paper covered with 
sand silicate. Take a bit of this paper about the 
^?ize of your palm, clothe the tip of the tluirnb 
with it, and rub over sole and edges, imparting 
to the w hole of the bottom of the boot a smooth, 
uniform colour. 

Irons. Like our neighbours, the tailor and 
the shirtmakcr, we have smootliing and polishing 
irons, but between our little irons and the tailor’s 
goose the contrast is very groat. Our iroiw are 
little metal blocks, an inch in depth, varying in 
breadth and thiedmess according to the purpose 
for w'hich they are designed. The largo glazing 
iron is 2 in. broad, dome-headed, and 1 in. 
thick ; on the other hand, some of the waist 
irons are about the dimensions of a eommon file. 
A gas burner or a spirit lamp should bo near at 
hand, for heating the irons. Needless to say, the 
irons must nev(‘r bti made so hot as to scorch 
tlu‘ leather, but the caution is one to bo kept 
in mind. Wluai brought to the proper heat, 
the irons are applied to the waist, the sides of 
the sole and the heel, and to the top of the w'elt, 
rubbing to a firm smootlin(*ss. 

Inking. Before ajiplying the blackening 
ink, nil) over tlie parts to be bla<tkcd w'ith a 
little w'cak ammonia, and then brush on the ink. 
Now' is the tinu' for using the glazing irons. 
Kej)t at. a good heat, the irons are rigorously 
rubbl'd on tlio surface of the leather, bringing 
it to a high polish. 

Taking Out the Last. The stylo of 
finishing di'piaids so much on the taste of the 
eustonwr and the skill of the bootmaker that it is 
impossibk* to do more than give general direc- 
tions. After th(^ work of polishing and finisliing 
has been done, a very important and troublesomo 
job remains, and that is the taking out of tho 
last. Ferhaps tho last comes out with little 
hothi'r. but if it is st iff, got the last-hook. Hav- 
ing cut Ihi' laces that hi'ld the fronts together 
during soling, avo put the last-hook down into 
the hole above the heel of the last. Lay tho 
long double handle of the hook on tho floor, and 
set the feet on it, one on each side of the stalk. 
(Jrip tho boot, firmly under tho toe with the left 
hand, and wfith tho right take hold of tho back of 
the heel. Pull bard at the heel, W'orking the toe 
nj) and doAvn. In ordinary cases the Ir.st yields 
and comes out ; but sometimes Ave have long and 
sore work to got tlio boot clear, and the reason 
is not alw'ays obvious. 

When you have put in tho sock soles, blacked 
and polished the boots, and duly parcelled them 
for the customer, you are entitled to think that 
you have performed a service to tho industrial 
world, and, it may be, tho world of art as well, 
though the Royal Academy may not acknow'- 
ledgc it. 
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was, in 1904, enlarged bo as to embrace sight- 
testing. As at present constituted, there are 
three divisioiis of the company’s examination: 
(1) the special examination ; (2) general ex- 
amination ; and (3) sight-testing examination. 
Th(^ first, or arts division, is a wTitten examina- 
tion in elementary mathematics, light, optics, 
theory of optical instruments, and heat, with a 
viva voct examination in the use and adjustment 
of the camera and projection apparatus, the 
telescope and V)inocular, the mi<rroscope and 
sextant. Q^rtain parts of this examination are 
excused to those holding Oxford or Cambridge 
Local Examination certificates and matriculation 
or similar certificate ; and in the ease of phar- 
macists the examination need not bo taken, 
as they have already passed a more stringent 
tot. The general examination is in thrtv. 
sc'ctions: (a) a written examination in general 
and visual optics ; (/>) viva I'uce in the same 
subjects ; and (c) a ])raotieal examination 
in the optical analysis of lens(‘s, knowledge of 
materials tmiployed, and workmanshij) and 
frame fitting. The sight-testing examination 
deals with all sides of the subject of sight- 
testing and the instruments used. Tlie fees for 
the three examinations are: (1) £2 2s. ; (2) £3 3s. ; 
(3) £2 12s. 0<l. The headquarters of the 
Spectacle Makers’ Company arc Temple House*, 
Temple Avenue, Condon, E.(’. Tliese examiua- 
tions are tlie faNourite ones with opticians as 
diploma tes can take up the fm^dom of tlu^ 
eompaiiy and of the (Uly of London on payment 
of £4 4s. and £1 Is. respectively. A freeman 
may becoint? a liveryman of the Company on 
payment of £22. 

Capital. The aiiibiliou of every young 
optician is to have liis own establishment ; 
but before doing so he should takt* can* to enlargii 
his experience in practical work as iniieli as 
jX)S8iblo. It is advisable to servo as an assistant 
in at least two positions, and the modern tendency 
is to let at least one of the.se be with a large 
“store” so as to widen the ideas as much as 
possible. An assistant Avho lias been only in 
a small retail business has often little grasp 
of the extent of the trade done in the palatial 
store businesses of the present tlay. 

Business Premises. fn regard to the 
best position for an opt ician s shop this may be 
considered as following thi; rule of busim^sses 
depending on public siqiport. lly that is 
meant that tie best positions for other 
businesses are also the most suitable for the 
optician. WJieri the business is solely devoted 
to that of a sigJit-testing optician, the shop need 
be only of modest dimensions, but a good space 
is required for the testing-room and a smaller 
room will be needed as a workshop. The space 
available will largely influence the apportion- 
ment of these various departments. For instance, 
it is not diflicult, by screening a side of the shop 
partially, to carry on sight-testing in the same 
room as serves for retailing, and in many cases 
the workshop portion is advantageously carried 
on in a part of tlie sliop. 

Capital. The amount of capital required 
may bo stated at £250, but the beginner should 
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bear in mind that an optician’s business is 
blow in growth, and that it will probably bo 
three years before ho can judge of the progress 
he has made. For this reason it is well on 
taking premises to stijiulate for a three years’ 
agreement, and not to enter upon a long 
lease. The agreement should contain a clause 
giving the tenant the option of taking out a lease 
at an agreed rental. The following is how the 
capital can be roughly apportioned : 


Window fitting and outside signs . . £20 

Shop fitting 

40 

Stock . . 

100 

Testing-room fittings . . 

10 

Testing appliances 

15 

Work-room ai)pliane(*s 

5 

Advertising 

10 

Working capital 

50 


£2.50 


The out ‘.side of the shop of an optician is usually 
painted in black and gold, or at least, .some 
dark colour. There is a kuidency to create n(‘w 
titles for the optician’s shop which, in the 
infancy^ of the busin(*ss, is not altogether to be 
regretted. Some opticians give their premise;’, 
such titles as “ Ophthalmic Institute,” “ Sight- 
ti'stiiig Parlour,” “Refraction Rooms,” but as 
long as 1h(* f)ublic can be made to understand 
what is nicant it is quite open to the optician 
to invent any title he may choose. 

Outside signs in the form of large gilt speetaelo 
frames arc good for appealing to the public. 
Such a sign costs from 2()s. to 40s. Enamelled 
copper spectacles (costing from 3s. fid. to lOs.) 
may also be affixed to the window in addition 
to a small amount of copper lettering. A po[)ular 
ornament for an optician’s shop is the coat-of- 
arms of the Spccla(;lo Makers’ (.bmpany, or the 
crest of the* Ri’itish Optical! Association. I'lieso 
arc obtainable in east, iron, painted in colours, 
or as glass tablets illuminated in colour. The 
last-named are frequently placed inside the 
windoAv along with, or in place of, the optician’s 
dij)lomas, which the beginner should possess. 

Window Display. The diplomas issued by 
the exanrming body an; handsome productions, 
and, if (wposeil in the window, are calculated to 
impi ess the public. The interior of the window is 
avrangeil with either ebonised fittings or draped 
with purple velvet . Formerly there was a dearth 
of suitable articUvs for window^ display, but of late 
years th(* iiroblem has been amply solved by 
the wholesale houses. Among the wdndow 
attractions may be noted models of the human 
eye (costing from 5s. to 40s.), chai'ts of the eye, 
wax busts and faces upon which 8peot.acles 
and eyeglasses are fitted, and cards showing 
spectacles in various stages of manufaiitun*. 
The last-named applies particulaily to pebble 
spectacles, lumps of fcazilian crystal also forming 
a great attraction. Prismoidal glass block.*; 
of various colours have become a i‘ecogniscd 
ornamentation of the optician’s window. These 
are obtained in sets costing about 308. per dozen 
pieces. Folders and Bpectaclcs are displayed 
on velvet stands which cost from Is. each, and 
sets of lenses shoudng the various kinds are 



instructive, or, at least, impress the public 
with the fact that the construction of spectacles 
is not so simple as it looks. A Cropke’s radio- 
meter never fails to attract passers-by, and it is 
difficult to convince some people that light is 
the only agency that spins the vane. An astig- 
matic clock always attracts. Window tickets 
and a handful of artificial c^yes complete the 
severest fitted window, but the practical man 
will not omit to show' such things as reading 
lenses, eyeshades, lorgnettes, motor goggles, 
and spectacle cases. 

Fittings. In n'gard to the shop fittings, the 
walls may he utilised for the display of charts and 
diagrams of the eyes, or, Ix^tter, for showcases, in 
which goods should l)e arranged. The counter 
should ho covered by a glass ease, in which are 
shown spo(^f acles. These eases may he used for 
the stock of speetaelo eases and chains, hut at- 
all times represi‘ntativ(^ samples should ho 
exhibited so that the public; can see that these 
goods arc made in a great variety of kinds. 
A stereoscope may be placed on the counter; 
this and some form of zoetrope is often found, 
particularly in the shops of opticians who sell 
j'.cientific instruments. 

Stock. As r(;gards llio stock carried by the 
optician, a practical man will have no difficulty 
in apportioning the suggested £110 amongst 
the following items: Spectacles in gold-filled, 
and steel frames, folders, astigmatic clips, eyo 
preservers, coloured glasses, motor and cycling 
goggles, single eyeglasses (rimless, framed, and 
with gallery), lorgnettes (in celluloid and tortoise- 
shell), shooting s])ectacles, poek('t magnifiers, 
reading glasses, tripod magnifiers, linen provers, 
eyeglass cords and chains, sp(;cta<;le and eyeglass 
eases (including chatelaine eases), artificial eyes, 
eyeshades, cyebaths, and lens cleaners. 

Sight-testing Room. This room re- 
quires to he from 10 ft. to 15 ft. long, hut by 
using reflected test types, this distance can be 
halved. The w'alls sliould be paint-i'd in a dull- 
lead coloured paint, and there should ho no 
pictures to distract the customer w'ho is having 
the sight tested. The h’st- charts are hung at 
one end of the room, and the patient sits at 
a distance of 10 ft, away, the chair btung ad- 
vantageously ]:)laced on a platform. The test- 
charts need to he well illuminated, and if natural 
light be not available in sufficient quantity 
shaded gas jets or electric light must bo arranged 
so that uniform illumination is given. The most 
important item in the test-room is the trial 
case of lenses. The beginner is rei'ommcnded 
to spend at least £10 on this item, as upon the 
accuracy of trial lenses depends subsequent 
suoeesR in sp(;ciaelc adaptation. Some opticians 
w^ould include an ophthalmomc*ter as a necessity 
in the sight-tester's armamentarium. There is, 
however, a difference of opinion as to the use- 
fulness of this expensive item, so that it has been 
thought well not to include it in the estimate. 
The trial case should be placed on a small rablo 
by the side of the testing chair. Reading typo 
will also bo needed as well as a trial frame, 
optician’s rules, face measures, and prescription 
hook in which to record results. An ophthal- 


moscope may also he included, and in this case 
allow^ance must he made for the ophthalmological 
lamp, w'hieh should ho of the wall bracket variety. 
A hand mirror must ho provided for lady 
oiistoiners, who should he given tJio oppor- 
tunity of rearranging the hair, which may have 
become dishevelled during the testing process. 

Practical Sight-testing, 'riiis will fie 
a convenient' place to give an outline or 
routine adopted in testing sight. The optician 
should stand beside tJie (uistomer, who is seated, 
and should adjust the trial frame on tlie fare, 
being careful to see that it is eomfortahlo. As 
each eye is .separately tested, an opac^ue tlise- is 
]mt in front of the left vyo. The customer is tlien 
asked to look w'ith the right eye at- the test eliart. 
hanging on tlio wall, and to indicate; which letters 
he can read. If lie cannot read as niiieh of the 
type as he should he able to, a f- (>*51) lens is put 
in th(» trial fraiiu* before the eye that is being 
examinefl. TIu* customer then indi(*at(*s whether 
he can see better or not. If the huus improve the 
vision, tlu' case is one of hyperopia, and the 
operator continues to substitute stronger lenses 
until the one is r'‘aohed which gives perfect sight. 
If, how'cver, the enstomer could not see so w'(‘ll 
wluui the weak lens w'as us(‘fl, it is changed hir a 
— ()'5 I) lens, and if this improves matters, it 
w’ill indicate myopia, and the o[)(*rator will pro- 
ceed to increase t he strength of the minus lenses 
until the proper one is reaelu'd. It- will he under- 
stood that tlu; l(‘ft eye is afteiwards separately 
tested in the same manner. 

(-ases occur, how'over, in which the patient 
does not see el(‘avly all the radiating liiK's of an 
astigmatic chart, and tlu^ ordinary spherical 
lenses must- he replaetxl or reinforced by the 
cylindrical lenses. The nudhod is similar to 
that given above, (»xc<^pt tlial- the cylinder lense.s 
arc used and rotated until all iiKiiidiaiis of tli(‘ 
chart are (‘lear to the eye. l’resl>yopia, or old 
sight, is tested for by tlu; hand-reading type, hut 
a.stigmatism, hyp(*ropia, or jr»yopia, may also be 
present, and hence the distance type should also 
lie employed as iiuli(!ated above. It is not within 
the scope of this art icle to ineliifle muscle testing, 
or the objective metluKl of siglit-testing. infor- 
mation on these; points is to he; found in se>rn<i 
of the heioks in the list at the end of this article*. 

Workshop. Here the loose lenses are 
kept either une'dge‘el, or of the interchangeable 
variety. The latte r are very convemie*nt, but 
not univer.sal, hence it is necessary to stock beith 
kinds. Lens testers, optie*ians’ pliers, screw- 
drivers, soldering apparatus, tweezers, screw 
extractors, leuis drills, a grindstone, and spare 
parts of spectaeles and oyeglas.so.s, are some of 
the articles wliie;h are alloweel few in the estimate 
given. A bench will he ne;edcd, anel if much 
mechanical work is de)nc, a lathe, lens surface 
grinder, and similar larger tools must he added. 
It is not advisable for a beginner to overstock 
himsedf with tools, as the wholesale opticians 
undertake to elo repairs and lens fitting 
promptly in cases where these are beyond the 
mechanical skill of the optician. 

Advertising. The item included under 
this head is int-ended to he spent in developing 

U43 



SHOraSKPINQ 

the business and in letting the outside public 
Unow that there is an optician in the town, 
iciectros of suitable blocks for newspaper illustra- 
tion or bills cost Is. each. The distribution of 
booklets on eye-defccts or test cards is an 
effectual way of advertising. Spi^ctacle lens 
cleaners (made of chamois leather and lettered 
with the optician’s name), and placing the name 
of the optician on specdacle cases, are proper 
methods of advertising. The Spectacle Makers’ 
Company do not allow their Fellows to advertise 
in a way which may sotun to infringe the province 
of an oculist. 

Profits. The profits of the optical business 
are good, but far from abnormal w'hen one con- 
siders the limits which sight-t<‘sting impost^s 
upon one individual. Some opticians cliarge up 
to three guineas for a pair of spcctacle.s, but such 
a fee includes the most scrupulous att-ention to 
detail in sight-((?sting, and the fiiu'st English 
w'orkmansliij) in the franu^ ami lenses. A sum 
of 15s. to 2ls. is, however, usual for a pair of 
gold- filled folders or siH'ctacles, V)ut steel-framed 
glasses are supplied to worlcmcn and to the poor 
at fees as lt)w^ as ‘2s. fid. Pi*cscription work - 
that is, the filling of the j)rescriptions of oculists — 
is a part of the business that is worili cultivating, 
as not only does such w^ork bring the o]>tician 
under tlu^ notice of an oculist, but. It mak#‘s the 
customer return wlicn rt‘ pairs are Ji('ed<‘(l. On 
fancy goods such as the optician sells a profit 
of at least 25 per cent, is obtained, these goods 
including sp<?ctaelo cases, lorgnettes, and mag- 
nifiers. llio business is, or should be, a cash one. 
It is this feature that makes an optieiivii content 
with what is otherwise a slow -moving and 
somewhat tedious busiiu'ss. 

Trade and Technical Lriterature. 
1’he following are the cliief books and trade 
journals of inten^st to ()f)tieians : 

“The Optician,” weekly; “ Tlu^ Dioptric 
Review,” monthly; “The British Optieal 
Journal,” t-wdee monthly ; Hart ridges’ “ Refrac- 
tion of the Eye,” tis. ((diurehill, London) ; 
Taylor & Baxter’s “ Key to Sight-Testing,” 
7s. fid. (Taylor, Birmingham) ; “ Opiieiaiis’ 

Handbook,” 3s. fid., (” The Optician ” ()fH<*e ;) 
DruifT’s “ Refraction,” 10s. fid. ( Anglo-. \mcriean 
Optical Co.) ; Thorington’s “ ITow to Refract,” 
7s. fid. (Relmuui, London) ; Blair’s ” Errors of 
Refraction,” 2s. fid. (Bailliere, London) ; Mad- 
dox's “ Golden Rules of Refraction,” Is. (Wright, 
Bristol). 

For the neademie part of the Specl;iele 
Makers’ Examination special l)Ooks arc recom- 
mended, a list being given in the syllabus of the 
examinations. 

PAINTERS AND DECORATORS 

Painting and decorating is a business in 
which l)oth artistic and commercial ability 
should combine to produce a good income and a 
satisfactory position. Artistic ability is essential 
to the higher grades of the business, though a 
secondary consideration in more ordinary grades 
where sufficient guidance is furnished by clients, 
wht' may show passably good taste in their 
selections from ready-made materials. Com- 
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mercial ability is essential to success in all ^^ades 
of this business, for special reasons. First, 
there is an extremely busy season during four 
or five months of the spring and summer, a 
moderate season of one or two months in the 
autumn, and a universally slack season for four 
or five months in the winter. 

Organising the Work. In these circum- 
stances a good organiser will constantly aim at 
modifying the extremes, often securing, by judi- 
cious argument, the indulgence of his client as 
to time for the commencement of work, enabling 
him to maintain with fair regularity an efficient 
staff of men upon wliose services he can depend 
to carry out the opcTative part of the business 
with credit and profit. Bad management in 
this detail would involve the necessary employ- 
ment of unknown w'orkmcn at critical times. 
In estimating the cost of work, also, there is a 
point whi(ii the indifferent manager may over- 
look, and that is the wear and tear of brushes, 
tools, and plant, which should be charged on 
an average at from 7^ per cent, to 10 per cent, 
of the separate net value. Another point of 
commercial value is the economical manage- 
ment of material. So important is this point 
tliat in some larg<^ successful firms a special 
el(‘rk is (‘ugaged io watch and record llu^ use 
of materials only. 

The Composite Business. The busi- 
ness pays well in the season if w(‘ll managed, 
but the winter slackness has to 1)0 reckoned 
with and in one way or another provided 
for. SometiuK's another business is run in 
conjunciion with painting and decorating, such 
as plumbing, which is usually busy when 
painting is (luiet. Some of the most successful 
eoneerns, however, have been built up without 
the aid of any otluT trade, except such as may 
be d( ‘.scribed as auxilijiry to that of the decorator. 

iiie employnu'nt of eoinpetcnt workmen to 
effect the operative part of tlie business will give 
some <’on<*ern to tlie beginner. B(!rsoiial super- 
visioii of work in ])rogress is always advisable, 
cither by tlie master or by a competent foreman. 

Capital. On the subject of capital, an 
important jioint is that it is usual to extend a 
tt'vni of (Tedit to a very considerable section of 
the trade's sujipnrters — namely, house agents, 
whose custom is to hav^e current accounts, and 
to pay f|uarterly, or at other periodical intervals. 

Contrary to the usual run of shopkeeping, 
capital in this trade is not wanted c/tieflf/ for 
goods in stock for sale, nor for materials to bo 
used on the work, but will lie required to pay 
the wages of oi^eratives while w'ork is in progress. 
Wages in the painting trade average from 05 per 
cent, to 75 cent, off the net cost of the work, 
which may not be returned for some months. 

It has been said that a small business could 
be started on a capital of £00. From the 
foregoing particulars it will bo clear that the 
sum named would suffice only for the smallest 
possible busimvss with barely such equipment as 
w'ould serve the requirements of two or throe 
workmen at most, without margin for extension 
of credit and ordinary risk on occasion, and 
without stocking any materials. 
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For a concern capable of dealing independently 
with the average requirements of a moderate 
class business in the present day, it will be 
r(‘adily admitted that a sum of at least four 
times that named above, or. say, from £250 1(» 
£300, should be available. 

Credit. A partial set-off against the credit to 
Ix) given is that when a business is uell estab- 
lished the manufacturers and merchants who 
supply the trade offer similar credit for matcu'ials 
used. Jt follows, therefore, that with reasonable 
good fortune a business should adequately linanec 
itself after, say, lh<* first year, with reasonable 
progression. 

A considerable ])art of preliminuiy outlay will 
1)0 for painters’ brushes, tools, and scaffolding, 
such as step-ladders, f)lanks, long and short 
stave-ladders (for outside paint(‘rs’ work), hand- 
carts, etc., none of which Avill be directly charge- 
able to any client ’s a(‘eount, and can be recovered 
only by the char ijje of a ])roper pereentage already 
naiiK'd for indispensabh' wear and t<‘ar. It must 
also be remembered that tht‘ master is responsible, 
under the Employers’ Liability Act, for the safe 
condition of all scaffolding, and must lx*, pre- 
pared to eompensale any workman who may 
ree(‘iv(^ injury through d(*fect tlu'n'in. This is 
usually {‘overed by insuring, and tin* premium 
paid must be charged to the account for main- 
tenance of sc.alfolding. 

Preliminary e.vpeiiditure on materials may 
he limited to the n(*(‘ds of th<‘ workshop, as the 
modern custom of keeping little or no stock of 
paporhangings or other decorative fabrics, now' 
mainly sold from tlu* attractivi^ |)attern books 
suf)plu‘d (freely as a rule) ly the incndiants, 
leaves the investor fre(‘ to apply tliat capital 
in oth(‘r directions. 

New WopK. On account of special con- 
ditions as to weekly jrayineiits, up to about 
SO per cent, of the vahu' of work aeeoiuplished 
being usually negotiable for painters’ work on 
new buildings, Ix'ginner.s find tins class of work 
a convenient stepping stone to more dosirabh* 
engagements. But the same ready im)ncy 
prospect also operates in tlu* cutting down of 
prices, until the ol<l<*i- firms decline to ttmder 
for new w'ork as there would be no profit out 
of it to them, while the smaller master would 
probably w'ork ])crsonally with liis staff, and 
i)y watching every point of vantage or (^hance 
of leakage with a zeal not to be expected from 
the best of foremen, may secure a profit a.l a 
price low'er than Avoiikl be accept4'(l by his 
competitors. 

Showroom. A minor business sik'Ii as 
that quoted at £60 may possibly be conducted 
without the c slablisliment of a showroom, but 
not 80 th(^ moderately good class business, with . 
a progressive future. It has already been 
mentioned that the modern custom of selecting 
wall-papers and other decorative fabrics from 
the handsome sets of pat tern-books supplied by 
the wholesale merchants has largely displaced 
the old (mstom of keeping a varied stock of 
saleable (and unsajicable) goods. 

Tlic higher class goods are made up in large 
“stand” books that may be displayed in an 
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upriglit position on the floor of the showTooin. 
For eonvenience of carrying to clients’ own 
addresses for selection to be made, some 
merchants supply also a smaller-si/ed |)at tern- 
book of tlie same contents, and this will n‘st 
on the showTooni table among other similar- 
sized hooks eoiitaiiiiiig patterns of the various 
grades of lower class goods. It is the g<‘tieral 
<‘Ustom for tlu* merchants to mark on tlu* ba.ek 
of each pattern the full retail price, from which 
a substantial dist*ounl of 33 p(*r (*cnt. is 
allowed to the trade, no part of which should, 
in jiisti(*e to the r(‘sponsibilitics of tlu* business, 
be sacriiiced !<> tlu* client. 

Botli merchants and marnifaetui’ers supply 
the trade in this way, but the mcr< liants will 
be found the most eoiweiiient to the l)eginiu*r 
as their sel<*etions are made annually froin tlu* 
various mauufaeturers* productions and arranged 
in harmonious “sets,” thereby j)resen(ing great 
variety. "I’heir pattt‘rn-books are distinguished 
generally by vague tith*s, s\ich as Hoyal Court ” 
wall-papers, or other fauey nauu*, tlu* identity 
of merchants bt*ing known f)nly to tlu* trfidt*. 
Every patt(*rn inserted in the books is kept in 
stock ciuring tlu* season -cxt(*nding gciu*rally 
from .Se]>t(*mb(*r of one y(*ar to Septembei* {>f 
the follow ing year — and sometimes a successful 
pattern may be carried forward from one season 
to another. 

Showroom Fittings. Tlu* walls and 
(*cilingsof t lu* sliow'roorn should be (l(*coratcd w ith 
dilfercnt materials in a variety of styles to show, 
sajs three methodsof tr(‘at ingadraw ing-rooin, the 
same number of dining-room schemes, and a few^(*r 
iuimlM‘r of schemes for other apartments as space 
may allow', separating these into sections by the 
use of mouldings tJiat may be .shown as samples 
of panel, ])ieture, dado, or otlu'r mouldings used 
ill similar positions occasionally by the decorator 
in the conduct of his biisiiu'ss. ^rhesi? S'*etional 
examples should (*ach be a. display of good 
tast<‘ and careful wrukmansbip, to inspire* con- 
fidence in tlu* eustoiiicr as well as suggesting 
suitable modifications and colour liannonies, 
blending or contrasting, brilliant, medium or 
HnlKfu(*d in toiu*s, light and airy or deep and 
rich, as occasum may re([uin*. Examph*s of 
painted wDodwork should also be fonml in 
some varii*ty in every showroom. Theses may 
take* the foi in of doors, panelled, on both sid(*s, 
and hung upon j)osts l)(*twe('n tlu* s(*(*tions of 
wall de(*oi’ation so as to sw ing eitlu'i’ w ay and 
display suitable varieties of })ainting in harmony 
with the wall sehenu*s. Oiu* side of a door 
may b<‘ finished in a variety of graim*(l w'oods, 
siieh as oak, mahogany, walnut, })itch-pim*, 
maple, etc., a.s tlu* painted imitation e)f theses 
woods will be occasionally called for. 

Fitments, sucli as .a “ eosy coiiu'r, ’ where 
clients may sit while selecting their w'all-})a])ers, 
etc., and an arched screen betwoen showroom 
and ofliee, from which artistic drapery may 
hang, and in which ornamental stained glass or 
leaded lights may be cITectivcIy displayed, 
should lind room when possible, becau.se it 
frequently comes within a decorator’s provin(*c 
to recommend and supply such fitments to 
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roiiipleU* cloconilions of a house*. These 
are usually white enamelled wilh good effect. 
The sereeii nex^d not be higher than seven or 
eight feet, allowing ventilation and light over 
the top. In front of this screen there may be 
biass rods, tixed sev(^ral inches from the wood 
over which sarnph^ rolls of wall-f)a))ers may be 
bung for display when required. 

A long, low table with shelv<‘s underneath, for 
the display smaller pat tern -books, colour 
studies, etc., a hnv comfortcable chairs, and the 
indispensable good carpet or linoleum tui the 
tlo»>r practically eompl(‘tes the u])-to-dat«‘ show- 
n K)m. 

Special Discount off Showroom 
Goods. It may be not(‘d that maniifa'Mun‘rs 
and m(‘rchaiits to Avliom thedecoratoi- w ill give his 
orders foi* wall hangings will usually su])ply all 
nec(‘ssary w all-])apers, reli(‘f mau^rials, etc., for the 
decorat ivtr display al)ov<^ recomm<*nd<‘d, or to be 
tixed u])on tin* showroom walls and ceiling, at 
the exc<“{){ional discount of To ])ci- cent, from 
list prices. 

Shop Window. It is generally to the 
juivantag(' of a good class d(‘corator's business 
to mak(; but litth'; dis))lay of goods in the Avindow. 
A Avhite enamelh'd s(‘reen dividing the Avindow 
from th«! showroom may b(! matle to support 
a siinph* ])l('ateil <*urtain of unobtrusive arr 
shad(^ as a ba(‘kground, and a. linoleum of sub- 
dued (‘ontrasting colour on thi* stage flooring, 
witli one stand patt(‘rn-book o])en(‘d at a })leasing 
d<‘eorativ(’, scheme, shoAving })er]iaps a deep 
attractive frieze Avitli harmonious tilling, and 
maybe a yard or so of rich broeaxh'd silk dra}A<‘d 
ovt*r om^ end of this, Avill as a rule impress tin* 
right poopk? in the riglit direction for guo<l < lass 
hnsiiK'ss far more than a heterogtaieous assort- 
ment of many samples. A pretty and always 
attractivi* addition to the AvindoAv display is an 
ornamentally-desigru'd easel, iqion Axhicli l•<•sts 
a ])ictur(‘ or a sniall-.seale druAving of an interior, 
drawing or dining-rCKUii, billiard-room, liall, or 
othei* e\am]>lc of decoiated Avork ifi colours, 
Avhich may be obtained from tla: trade journals 
or from special artists if the*, deecu’ator does not 
produce such drawings himself. 

Wall -paper Stock. Where business 
pros])eels veasonubly demand the. kee])ing of a 
stock ol Avall-])a|)crs, tliis stock sliould generally 
he eonlined to the more ordinary kinds an<l loAver 
qnaliti(*s, in the sale of which there is less 
fas(idi«)iisness t^) contend Avith than in the 
}iighei--prieed goods for host rooms. 

'Pin* mannfaetiireis and nierehants ([note 
spe«*ially Joav prices for “stock" orders, in 
“ hah's ot stated <juantitit‘s, as a minimum 
total. Tliis compensates the d<*eorator for 
spec'ial risks and enables him, A\hen his stock 
patterns are selected from tJie ))at tern- hooks, 
to mu an <'\tra profit, AN^liih; losses u)>on rem- 
nants costing, say, from l^Ad. to (kl. per roll of a 
dozen yards — of Avhich the aATiage room requires 
from st'ven to ten pieces -AA^ill ne\’er amount to a 
very large sum. 

A inod<*rate outlay on these gotxls, say 
or thereabouts, Auadd Ixj adequate for a start and 
might b»? made to embrace 70 or 80 varieti«*s 
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in lots of 25 or 30 of each, Avith a total of about 
2,000 rolls in all. Tlicso will be renewable as 
required during the current season, and reneAvals 
should always bii compared for exactness of 
sJiades before placing into stock, and any 
variation should be kept apart from previous 
stock. 

Knelosed shelves or “ r.acks " Avill be required 
for convenient storage of these goods. Tlio 
carpenter s Avork for construed ion of such racks 
as usually made for the purpose*, may be se*! 
doAvn at about 50s. per 1,000 redls it is intendeel 
to plaee in .stock. Kach division ejf seiuare* 
slH‘lving sliemld Jiolel abemt 30 or 50 piece's for 
care'ful and eee)nt)mical mani])ulatie)n. 

Sale-shop. In cemnection wilh a goexl 
class business in large te)\\ns there is very little* 
cash traelc usually carried on ove*!- the counter 
in the form of sale's e)f mat<*rials only, thougli 
A\he‘n a stock e)f paperhangings is laiel in it 
!)(‘e‘omes a paying de‘partmt*nt in a district AAdie*re 
there is a e-onsiderable seetiem e)f tlio public 
aceustonu'd to huy the.se goods, arranging 
e‘lseAvlii*r(^ for lixing. 'Phis is esj)oe'ialIy tlie ease in 
country mark(*t loAvns. 

Ready-mixed Paints. A profitable 
aeldition to this d(‘()artment Avill hei a, stock 
of re‘ady-mix(*el paints in len-er-top tins e)f 
saU^able sizes, such as, 1 lb., 2 lb., 4 lb., 
and 7 lb. 'Plu'se^ are e>btainable in various 
(fualities from most j)aint manufacturers. A 
good (juality solel at a fair price Avill be* tlier m(.)st 
profitable* in the long jun, as the* eojuine)ne*r 
qualities have poea- ee)\'e'ring powci*, anel are a])t 
to l)ee*e>m(‘ viscid by remaining in st(x*k. 

Paints grounel to a stiff ])aste; in linseed e)il, 
sue*h as Avbite* lead, o(*hres, \nnbt*rs, rexls, blues, 
gre'cns, etc., may be^ liki'wise* saleable, anel could 
lx* ke])t und(*rneath the sale's (‘ountev in small 
ke'gs, ee)ve‘re‘d Avith a little Avate'r (re'uewed daily), 
ami a small wooelt'n s})atula ke'pt^ in each Avendel 
seiA’e te) supply the require*d (plant itie'S. A 
hori/onial scale' or spring balance for Aveighing 
tJie.se^ will Ik; re'ejuire'el. 

Oddments of Stock. Painle*rs' oils and 
varnishe.'s Avill form other items of probable' 
sale's in this de])arlment. 3’lu'se are sold hy 
mexisure, usually by the* gallon, half gallon, 
epiart or pint. In Aarnishes the sales Avill 
gema’ally he eontinexl to tliree eu' foiu* varietie's, 
sueJi as ]>ale and hard oak varnishes, black Japan, 
stains, <*tc. Make*is supply these made up in 
small sizeel sealed tins, for convenience of sale. 
Paintt'i's’ oils anel spirits are not put U]) in this 
form, and must lx* sedd from hulk. 

Painters’ brushes, texils, and sundries are 
likcAvise saleable stock, and may generally l)e eif 
e'he'ajx'r (pmlities than used by the trade work- 
im'fi, as those Avho buy for a mere temporary 
])urpo.se can seldom Ix) induced te) pay the price* 
<»f the epiality neeessary to the expert. 

(dass-cutting may also be a protitable branch 
of the sales department, but would be best 
conducted in the workshop. 

Profits. It will not be found profit able to 
conduct this business on a margin of less than 
33^ jxjr cent, gross — that is. one- third of the 
selling price — to represent profit, Avhich is the 
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trade discount officially arranged by the mer- 
chants and manufacturers in pricing their 
pattom- books. 

Workshop and Stores. I’hc store and 
paint-shop may bo tog(*tlier or separate ; the 
worksliop is Ix^tter separate where space permits. 
They are usually situated in back premi8<‘s, 
and should bo convenient for delivery and des- 
patch of heavy loads by horse vans, with, if 
j)ossible, a good yard for storage of long ladders, 
planks, scaffolding, hand-carts, empty paint 
casks, etc., and a “ lime-pit ” for slaked j)utty 
lime ” (used in repairing plaster work prior to 
painting and paperhanging, arid for iini<‘ wash- 
ing) ; covered sheds an' usually" ])rovided for 
th<‘se items. In the stores, shelving, in several 
tiers above a Ixmcli, fitted around the walls 
may contain all the dry colours - in tins or strong 
])aper bags, as delivered, tin* morci <*xperisive 
<‘oloured pignu'iits ground in oil and tur- 
pentine, such as lakes, siennas, Vandyke hrt)wn, 
drop black, and decorators’ large' tuiMveolonrs, 
also the stock of varnishes, (‘iiaim'ls, and the like, 
while from hooks in the ceiling should Ik* hung 
the reserve stock of empty paint -kettles. 

Storing Stiff Paints. The heavy paints 
for ordinary use grouiul to a ]>aste with 
linseed oil, such as Avhitc* leatl, ochre, umber, 
r(‘ds, blacks, driers, <'tc., may be stored under 
tiio l)enehes, Avhen^ they an* easil}^ obtained 
as re(juired by opening the kegs, keeping 
a little water on the tof) of the paste to t)r<;verit 
it diying, and with a trowel or strong wooden 
spatula in each. A good spring balance should 
find a place on th<i bench, so that every article 
takcjii out may Ik* weighed and hooked, to- 
getlier with the name of the client or job for 
which it is taken, the same care Ixing taken to 
book all retui’iis, with similar partieulars. adding 
the dates in each ease. Near the scale on the 
heneli should he a small devsk, on whi(’h is always 
to be found the “ workshop day hook, " sj)eeially 
rcserv^ed for the entrii*s just named, from wliich 
the general bookkeeping of the business may 
from time to time be accurately made up. In 
the centre of the stoj-o a sipiare table eovcre<l 
with baize should he restu'ved for glass-cutting, 
and in n safe corner racks ])rovidcd for glass. 

'Fhe workshop should Ik* fitted Avith benches 
Avith one or tAvo shelves above, and dra Avers 
heneatli, oeeupying tAvo sid(*s of tJie room, 
t)referably Avith north and west aspects, as it is 
desirable to avoid direct strong sunlight for 
paint mixing. Some pigments- are of a mon* or 
less gritty powder, and occasional grinding f)f 
these call for the xwoAusion of a paint-mill (small 
hand-pow'cr cone mill), usually scrcAved down on 
the l)ench of the Avorksliop, and also of a paint- 
slab, with a stone ‘‘ mu Her " or Juind-grinding 
stone upon it. A good slab is one of thick phite 
glass, ground to a very level surface, and set 
in a bedding of cement or while lead putty, 
with its frame Ik* veiled off, and soreAved down 
to the bench. A granite cobble stone cut into 
halves will make tw'o good mullers or grinding 
stones. 

Oil Storage. In a corner of the work- 
shop or stores a place must be found for 


three oil - tanks, or a stillage on aa^IucIi the? 
export barrels may be placed Avhen received. 
The former is the best plan, as there is some- 
times leakage and loss from luKAping the 
oils and turpentines in the Avooden barrels as 
supplied by the merchants, due to shrinkage of 
the Avood. Each of these tanks may contain 
from 50 to 150 gallons of licpiid, and is lilted 
with a tap near tlu^ bottom for draAving olf tin* 
oils as recpiired. Om^ Avill contain imav lins(*t‘d 
oil, another boiled oil, and another tur])enline, 
all of Avhieh are indis])ensahle. to the mixing of 
various paints. 

In another corner bins an* r<*(piired for the 
storage of whiling and plaster. Tlu*se should Im* 
in the driest corner and kept dry by b<*ing 
slightly raised from the ground. 

A pirkif rnsk\ large enough to hold from 10 
to 20 paint-pots ancl keltl(*s, should find a jilace 
und(*r one of the henclu's. Jn this a solution of 
strong soda or eaustie so<la. should be kept, and 
dirty ])aint-])ots he ])lae(*d in it as return(‘d from 
operative work. They may he rernov(*d th<* 
following day, and will easily be made fresh and 
clean by Avashing in clean water to Ik* jvady for 
furlJicr Avork. 

Smudge Pots. .Vny old ])aint mixt‘d and 
returned as surplus froni Avt)rk done should be 
earefully saved, and (*mpti(*d into ree(‘ptael(*s ki'pt 
under anotli(*r bench foi* tlie purpost*. These* n*- 
ee])taeles are <*alled ,smn(f(fr - one is r(*s(*] ved 
for Avhite*, anoth(‘r for pale colours, another for 
dark colours and Avithin a re'asonahk* space of 
time the; cont(‘nts of th(*S(* smudge ])ols may Ik* 
used for ordinary Avork, or at later ])oriods form 
good addition to red lead paint for ])riming new 
work. 

On the* shelves above tlie [>aint-beiu h(*s will be 
kept small jars of all usual paint ingredients, to 
Ik* handy for tVetpieiit use, also pak'tte; knives 
and cleaning rags, of whieli then* should Ik* 
ample <|uantily, to pr<‘A'(*nt wast»*ful and r)bj<‘e- 
tionahk* untidiiu'ss. 

On one of the* henehes small article's siieli as 
notie'e* hoards, (loor-])lat(‘K, e tc., may lx* ])ainted 
and k*tte?(*el, also any e*mbossing e)r gilding e)!i 
glass may lx* earrie'el out, Avhile tlie centre of the 
workshop may be^ re*se*rve*d feu* pk'ces of furniture 
unde'i* process of painting, large* signboards upon 
e'asels, fur le*tte‘ring, e‘te., and the^ tw'o blank 
AA'alls not yet de*alt AAith may be beiardeel and 
res<'rve*el for skeHehing out jilans of wall or ee*iling 
eleieoratieais from time to time, as occasion may 
reepiire, to facilitate the actual work whe*n 
operations an* eomme'ne'ed. 

In tlie draw'e*rs unde*r the* paint-be'iulies may 
he ke^pt the eleeorateir's ]>eiu*ils, lube-eolours, 
pak'tte'S, etc., also ste*neil jiatterns, gilders' 
materials, and otlu'i* small ite*ms e)f Aulue, or 
for eK*e*asional use. 

Fn beginning business, so many ailieles an* 
required tluit it is a mat tea* of some ditheully 
to ke*ep within small expenditure. But by 
first making sure of indispensable articles in 
minimum quantities, and by adding small 
epiantities of the remaining requiri'iiients, any 
shortage or omissions ran he inaele up as 
occasion may require*. 
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Stock for Workshop and Stores. On 

theso linos, tho following list may bo taken 
as a minimum stock to start a business wJiero 
work for at least half a (h)zen men ami one 
apprentice may Ik^ anticipated. The prices are 
set down at fair averages, though some of 
tli(‘ leading items are subject to eonsiderabb^ 
(bietualions according to rise and fall of markets. 

ri.xNT £ s. <1. 

H ii'S'itutcd from lU ft. 

to JO ft. IniMtli . . . . 7 0 0 

12 |>siir Ji.S'^ortrfl sl«‘|i inddrrs, a ft., 7 ft., 

mid 0 ft. . . . . . . . . .■> O O 

2 |i;tir a ft., JMid 2 |»n,ir J1 ft., |)aiji*«‘rs* 

llTstlrs ( lO tl 

'A «!«>/,. scallold |)la)dvr« (2 in.), assnrti-d. 

ti ft., tn 1 ft. Inne . . . . S Itt (I 

2 na|»rrlian;j;('is’ folding tal>l<'s and trrstirs 2 O 

2 limid harrows, x\illi stc'cl sprinj^s .. I 1 lo t> 

WiiKKsMnP AM* S'l'OKKS tlTl’INCS 
(dr'><-| I hi‘d al in\ <’ ) 

('ar|)« nt«*i i>’ work, sa\ .. .. .. I O O 

r.iint nidi, say . . . . ■» . . . . :i <» O 

Miillar and slah, sa.y . . . . I U tt 

2 si l ong rasrls, sa v . . . . . . . . I 0 0 

< Jas, or ('Ifct ria fit t iiigs, say .. .'{ tt t> 

«Ml-tanks, sav . . . . . . . . ti O O 

Spring halmu't', and snndia's. say . . I ti tt 

STIM K I'AINTS, OII.S, V.\ItMsili:s. HUI SHI.S, 

‘I'lirptMit inc, I harr*‘| (.‘I cwl.), si t» |o O 

Haw linseed oil. I liarral (3 awt,), sa\ . . 1 Iti O 

Hoik'd linscad oil, 1 harral, (.3 awt.), '^ay a 0 

\N’liit«' laad gronml in (»il, a awt. . . . . t» ."V 

Zina \\ liila, ground ill oil. .3 <'\N (. .. 3 IS 

I’ataiil ilrii'i’s. ground in oil, I awt., say . . I t> 

<)\f»a‘d ovlira, griaind in oil, 1 ('wt, say . . Ill 

Haw rmln'r, Hurnt ludn'r, V<'natiaii 
Ht'd. Indian Hed, Hrunswiak (Jreans 
(light, iniiklk', mikI doap), and \ aga- 
la.hla Hhiak, all ground in <a|, of raah, 

I a\vt, (at avaraga priai's), total .. 3 10 0 

l‘nissmn Him*. Haw Siaima, Hurnt Sianna, 

Vand\ka Hrown, Orangi' (Jhrona'. 
ia'iiuai (diroiue, ground in oil, of 
aa<‘)i. 7 Ih. (at a\'aiag<' priaas), total.. 2 15 0 

.Drop Hlaak, ground in t iirpant iin', 14 ll». 0 I (• 0 

oax ( onncKs. 

I''raii('li (»rluas, W'liatiaii H('d, Hax\ I'm- 
har, Hurnt I’^iidx'r, Linn' Hina, of aadi 
\ awt. (at UNaraga prices), total ,. 2 lu t) 

Indian Had, Ja’ina (Jraans, Varinilionatta, 
and ( It raniarina Hliia, of aaali 7 Ih., 
total . . , , . . . . . , lieu 

\'» rniilion (tJaiiuina) 7 Ih. . . , , | U 

Lonmii (3n‘«Mna, OrmiLra Olironn-, .'Middle 
(yhronw. of aach 7 Ih. 

Dry \x hit!' k'ad. dry rad land, of aaali I f Ih. 

total . . , . . . U lu U 

lu aut. hast Pans whiting .. 1 U U 

5 mil. (in I gal. tins) ln-st copal oa.k \ ar- 

nisli (fta- onfsidc) . . , . . . 2 lU U 

5 gal. (ill I gal. tins) hast <‘opaI oak \ ar- 

insh (for iiisida) . . . , . . 2 It* U 

5 v.il. (in I gal. tins) aoiomon <iak \ai-- 

iiisi) (hard) . . . . . . , , 2 U U 

i gal. (ill gal. tins) dcconitoi.s* «iirriaga 

' arnish . . . . . , . . U Hi U 

I gill, (ill \ gal. lins) a\l ra pale !Miipl«» 

varnish . . U I I u 

1 gal. (in \ gal. tins) ivory whita anainal 

(slow si'tt ing) .. .. 110 

1 gill, (in ] gill, tills) .snow wliitt* ('luuiial 

(slow' sett mg) ,. .. .. .. I I U 



£ 

8. 

d. 

1 gal. (in 1 gal. tins) hlacU .hipau 

1 gal. (in 1 gal. tins) Hriinswivk hlaek .. 

U 

1(> 

t) 

() 

K 

tl 

1 gal. (in 1 gal. tins) japaiincrs* goldsize .. 

0 

It) 

tl 

1 gal. (ill I gni. tins) 'IVrt'hiim 

u 

1U 

tl 

I gal. (in 1 gal. tins) patent knotting 
WUNOdW UT..XSS 

0 

H) 

tl 

Dno cratr*. say 

Sl'NUIUKS 

Putty (hi'st), ])i<'k<al lum]> pumiro stono. 

*> 

lu 

u 

of each. cwl. 

1 

u 

n 

Pumii'o st(»m' powder, 14 ih. 

(Hass paper, 1 ream, assort eil siy.es,, (Nos. 

(I 

7 

II 

on, and 1 ) . . 

u 

15 

n 

Powder siy<', 1 <*wt. (host «|na1ily) 

1 

15 

n 

Did oil goldsi/.e. 1 Ih, 

u 

.3 

t> 

(Jiklors’ eiishions, knife and 3 tip-< . . 

(fold leaf. .5 hooks; t ransferroil gold leaf. 

u 

3 

1) 

r> hiMiks 

u 

13 

u 

Villiiig up eomposition, 14 11). 

u 

7 

t) 

Paint 1 emoN er {s()|\ en( ). 14 Ih. 

u 

7 

u 

Spirit lamp for huining off old paint 

Paint strainers, 1 do/., (patent del a-ehal »!«' 

u 

1 2 

t; 

gauye) . . 

1 

t) 

u 

Hrush hokk'is, 1 do/, (patent siispemk'rs) 
Paint pots and kc’tllcs, I2 do/, assoj-ted 

' 


n 

si/^'s, say 

5 

U 

n 

Stem'll pins. 2 do/.. . . 

u 

1 

tl 

Steel graining eomh"!. one set in . . 

12 eoM'i'ing sluM'ts ( j'ougli sliei'ting, 2[, ,\ d. 

u 

.> 

i; 

w id<‘. eut into 5 yd. k'Mgths) 

♦) palette knives, .3 putty lvni\(‘s, 3 strip- 

3 

u 

n 

ping knives, say 

CM.NTKUs’ HRl’SHi:S 

u 

It) 

II 

( h'< >111141 hrusin's, si/(' 4 U, 2 do/., (ox'al shape) 
Knglisli .sash tools, si/es, 2, .*>, and S, 1 do/. 

7 

t) 

n 

I'ai'h ( hest ) 

H4'\«'II<<1 \ arnish hi uslu'S, si/e 3 U, hest 

1 

lt> 

n 

lil\ hristli’s, 1 do/,.- 

Hevi'lliMl \ainisli sash tools, sj/e 5, host 

3 

Irt 

n 

lily hrislk', 1 ilo/., 

Di''(<'mpermg l»rush<'s, i tlo/.. 2 knot, S 

0 

12 

u 

omuM', l)est (junlity 

2 

15 

(I 

Stipplers. 2 only. si/,(' S in. hy t> in. 

Hog-liair Jitelx's (Mai tiiid round), Hss4)rto(l 

1 

8 

II 

si/cs, 2 do/,. 

J.<iiiing liti'lies. 1 do/, assort t'll. ] in,, \ in.. 

U 

(1 

i; 

and 1 in. 

u 

t> 

i; 

Sti'iieil tools, 1 tloz. assort 4'4l \ in.,a.ml 1 in. 

u 

It) 


< Jraiiinig mot t lers, A do/., a.ssorted 

n 

t) 


Driiming o\ I'rgriiiiu'r, assortisl .. 

(t 

3 


H.ulgc'i* .sofleiKM', SI/,4' .3 in., Ix'st (piality . . 

ti 

10 


Dusting hrnshes, 1 tlo/. 

1 

tl 


DHAXD 3’(>'r.\L ahont 

ITU 

U 



1'otalling up tho above figures, and adding the 
cost of (itling out tilt' showroom and oftiecs, 
apart from stocking the (optional) sale-sliop, 
it will be seen that the ])reliminary outlay 
m'cussary to the iridejuiudent. eondmd of this 
business in a niodt'iately good way amounts to 
a roinul sum of £2(M), or thereabouts, including 
.£30 for the showroom and ofiiee decorating and 
furnishing, leaving a modtTatc balance of £100 
in Iht* bank out of the £300 recommended as 
starting capita! with which to meet wag^is and 
t>thor currt'ul Avorkiiig expenses, pending tla‘ 
retteipt of casli returns, which should, with good 
management, steadily add to the capital avail- 
able for reasonable expansion of the business as 
tl»e due result of technical and commercial 
ability on the jiart of the organiser, upon whom 
all depends. 


Cnntinnv^ 
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CuiillmiCil fioiit |Kn;i* 


By JOSEPH G. HORNER 


A VERY prooise classification of t<X)l.s is ru‘it.ht‘r 
^ practicable nor necessary, since luucJi over- 
lapping occurs, specially in regard to large groii])s 
of which it is open to question whether they 
should be considered to operate by cutting or by 
scraping. A natural generalisation, however, is 
tho following: tools which operate by (1) cutting, 
(2) scraping, (!5) shearing, (4) detrusion, (5) ab- 
rasion, ((i) percussion, (7) moulding, and (8) 
measurement. 

With regard to the classification just given, 
though it is a convenient one, yet th(‘rc‘ is no 
advantage in adliering strictly to it in a study 
of tools, which is nothing unless practical. 
Ft)r cionvenienee it is better to regard the pr<i- 
cessi^s of cutting, scraping, shearing, detrusion, 
abrasion, as varieties or grades of cutting ojxu'a- 
tions. For they all have this in common, that 
they either sever, or remove, or shaj)e material. 
The fact does not concern tlu* machine-hand 
that the milling cutter is oft (‘U a scraping tool, 
and the emery wheel an abrading tool, '.riu* 
question is, how much metal is removed, and 
how rapidly, by these tools. And so of others. 

Before proceeding with detailed accounts of 
these tools, however, a brief explanation of their 
underlying prineipli‘s will be desirable. 

Definitions. '’Plie term cutlinj tmtU is 
restricted in this classification to thos<‘ which 
operate as simple wedges, heing incisive in fiction, 
or with capacity for getting sensibly under or 
into the material, and s(‘vcring and removing 
a shaving or chi[> cleanly therefrom. Hcn<*<* 
])enetrative power is a characteristic of all 
these tools. Scrapinj tools cannot be classed 
fis wedges, becaust^ tlu; front, or leading face, 
is either [lerpcndicular to the surface* being 
f>peratcd on, or it leans over from the per- 
pendicular. Vet there are numbers of tools which 
operate by scraping that are conventionally and 
properly considered as cutting tools. Sheariti;/ 
is an action which is strictly that of sev('r.»nce 
in a direction p(*rp(‘ndicular to the object being 
severed. Tt is in some degree a cutting opera- 
tion, but is also largely detrusive. Hut a shear- 
ing nd is also one in whitrh the movf'incnt of a 
chisel, or chisel-like tool takes place diagonally 
in relation to the material. Detrusive action 
signifies that of a punch in the formation of 
a hole, or of a shear blade. Abrasion covei-s 
the work of grinding. Yet it is a truly cutting 
action, because the particles which form the grijid- 
ing wheels are sharp, and penetrate, though to 
a minute amount, the materhil w hich they remove. 
But, thoir action is not wedge-like, they should 
in strictness be regarded as scraping tools. 
The foregoing constitute the great group wduch, 
for convenieiu*e. are regarded as cutting tools. 


Derrussive tools embrace* the hammer find 
mallet group. .Many cutting tools are, how(‘ver, 
invaiiai)ly opc'rated by percussion, as the ax(* 
a.nd adze, the socket, and mortis<' chisels, and 
others. Monlflinu tools fire those whi(‘h neither 
cut, nor act by <lriving, but simply prodiuc 
outlines that fire tlu* counterparts of th(*i 
sections, or which an* a]>proximat(‘iy so. Tlu* 
moulders’ tools find those us<*d by mod<*lh*rs 
belong to this group. 7VW.s for weasureuu n* 
arc second only in magnitude* and im])ortancc 
to tlu* cutting group. Thcsi* have n‘c<*ivcd 
imnu'nsc dcvelo])ments in rcc(*ut years, find will 
form an interesting study. 

Cutting Tools of the Chisel Group. 
The condition which produces a. truly (uitting 
edge is that the faces of tlu* tool must, include 
an angle of a wc'dge sluipt', w hich finglc must be; 
less than IM)\ .V1 .m>, the tool in which tlu* 
faces meet fit tlu* low(‘st fingle will have tlu* 
k<*enest edge*. \Vc know instinctively which of 
the two w('dg(*s A or B |11 would la* tlu* molt* 
(‘llicient in the actual divisam of material, leaving 
out the (picstiou of strength for the pn*s(*nt.. 
Regarded as a w(‘dge simply, the ruh* is that tlu* 
pow(‘r gaiiu'd by a wedge bears tlu* .same ]no- 
portion to the resist aiu'c to lu; overcome that 
half its back do(*s to its height. Or, in sinqilc 
language*, the tliiniu*!* the back of the wc'dgc*, 
in proj>ortion to its length, tlu* gr(*ater is its 
pcm*trativ<* pcltvc*!*. 

Bt‘sid(*s the sharj> or keen c*dge, sonu*thing 
more is wanted, some otlu*r (|ualities, without 
which that of mere acuteness of angle is of no 
value. Those other cpialitics are solidity, 
substance, and strength to back up and support 
tlu* ke(*n edge, out of which a, rise dith*]c*nci*s 
in tool angles ; and again, nu‘thods nf pn*scnta- 
tion to tlu* material, since it is important that 
what is t(*rm(*d tlu* eutfinfj fare of i*very tool 
shall stand in a definite rc‘lation to the face* of tlu* 
mat<*na,l being cut. 

Another fact in connection with tlu* w(*dgc*- 
like t<iol is that it simictimes acts by splitting, 
sometimes by cutting; a.nd which proc(‘ss will 
prinlominate in any ])articular instance depends 
on cireunistanc<*s. If an axe be driv(*n into a 
thick j>icc(* of timber (t. (’), it will not cut at all 
after its immediate (*nlrN% but w ill make its way 
by splitting the material to a little distanei* 
in front of the (*dg(*, so clearing a w^ay for itself 
by splitting. F>ut if it or a chisel be applic*d 
to the ri*moval of a thin shaving, as at 1), the 
action will be altogether that of cutting, the 
chis(*l t‘dge penetrating and dividing the matt*rial 
with which it is in actual contact. 1’hc diffcrcn<*(* 
in the two actions is apptarent from the figures, 
end it is a veiA' important on*.*. F»nKi.dlv, it 
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(roi iTspoiicls with the different niodo.s of actuating 
the chisel, that, namely, by percussion, with 
hammer or mallet , and that by simple thrust alone. 

Chisels. We shall now trace the elementary 
<'hisel form through numerous tools in which 
it is embodied, taking first the common chisels 
used by woodworkers [2]. In the firmer, ]iaring, 
morfise, socket, or other varieties, the cutting 
angles vary but slightly, the difference in the 
tools consisting chiefly in length, substance*, 
and method of handling. Also, in all these 
alik(* the whole of tlie bevel is imparted to 
fhe top or back face; lU'vei* in the least degn*!* to 
tlu^ front, or cutting face. Directly, whether by 
design oi* liy inadvert(‘nce, that fae(‘ begins to 
b(‘ duhJK'd Hj), as the* term is that is, imnu'di- 
ately it loses its eharaetc*!* of a perfectly flat 
plane its valin' as a chisel is imjiaired, because 
it loses th(‘ property by virtue of which it is 
capable of [inxlueing a siiifaec* jx'rfeetly true, 
and for tin* production of which the chisel face 
must be a eount(‘rpart of that siirfact*. Hence, 
in grinding a ehis(‘l the bev(“l is always given 
to one side only, and in sh.arpening, the bevel 
is reiu*wed. or perp(*tuated on the om* si<le only. 
Koi\ ihougli the (‘arp<‘nt(*r rubs his ebisel upon 
the flat face alt(‘rnat(*ly with the back, be only 
does it for an instant, and for tlu* ])urj)ose of 
(browing back and (h'taeliing tlu* fine burr, 
or rdf/r, tluit is fwodueed in (be act of 

sharpening, and which, Ix-ing thus r<‘mov(‘fl. 
I('avi“s a keen continuous cutting edge. 

Other Wood-cutting Tools. The same 
nuiiark a})phVs to the adze |3, .X], wliieh is 
ground ehiseblike, the whole of the bevel being 
on the inner or upper face. Tlu* fa(*c which 
lies against the face of th<‘ work is not bevelled. 
Ihit it is not flat or sfraight lik(‘ lh<* fa<‘e of 
the ehis(*l, heeausi* the adze is not tlinist along, 
o veitieally downwards like the chisel. It is 
sw ung in a radius, and being used in this fashion, 
tin* face is eonv(*x, (he radius of the face very 
nmghly corresponding with the radius of the 
eireh* in wiiich the tool is swung. Hence an 
a.d/<‘d surface is never straight , hut is fornu'd of 
a succession of depressions like minute wavelets, 
diflering in this respect from (he surface* left, 
by a plane or a chisel. 

Taking the axes |3, H], we find that there is 
no flat face* which corresponds with the hwe of 
fhe chisel or of fhe adze, but there a.ie doubly 
hevt'lled and ('qual (*dges. Hence* it is neif 
possible with the a.xe\s to [ireieluee a true' surface* 
in the* sense in which it is jiossible to elo so with 
the chisel, because* the guiele priiiei])l<* is hwking. 
.\nel neithe*!' of the'ise temis eenild be use-d by 
simjily pusli or thrust a.Ione ; the actuating Ibree" 
must l)e ])urely percussive. 

T"lu\se e*lemeiitary ide*as ivspeeting the* modt^ 
of action e)f cutting toeils will he rex’i'igiiised 
again piesenlly in tools the re-hitions of whie*h 
U^ the chisel are not at emec appareuit. We have 
(we) e‘le*ments— the ruUiruj fare anel the rutting 
angle, the fust pracl.ie*ally eomeide*nt witli the 
face e>f the material beuiig operated e)ii ; the 
second ranging from 20 de^g. to .‘15 deg. or the*re- 
abemts in thinly ground and thickly sharpened 
elusels respectively. 
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Forms of Chisels. Looking at the group 
of chisels in 2, e>bserve the high degree of 
s^X'cialisation to which they have^ attained since 
the days of the old bronze users. The firmer. A, 
paring, B, mortise, (_k socket, 1), eo<aeh makers’, K, 
or iiiillwrights’. carvers, F, and the turners’ [4. A|, 
are each different in substance, mode of hand- 
ling, and of use. 

The only differ(‘nee in the /iVwrr, A.and tlu* 
paring chisel, B, lies in tlu* length. They are boll) 
thin and light, hut the paring tool is about twici* 
the length of the firmer, and is used for shaping 
over large surf}K‘(‘s. across w hieh the firmer would 
not reach. The mallet is frequently (*m ployed 
to aetuati* tlu^ firmer ehis(*l, hut is seldom used 
for the paring tools. The millwrights (‘hisels 
are as long as paring tools, but. about twiet^ as 
stout, and tlu'y an* em])l()y(‘d for the h(*avy 
tooth<*d-g('aring and other work about mills, for 
which the liglitei* chisels would he unsuitable, 
'flu* roarhnutkers' ebisels, arc* a compromises 
betw(*en tlu* millwrights’ and thes firnu*)’ tcuils. 
being used indifferc'ntly by hand thrust and by 
mallet ing. 

Tlu* tmntisr (‘liisc*!, (J, is. as its nunu* implie s, 
dc'signed for cutting ont the moi lises in timhc*r, 
and is always driven to its woik with the mallet. 
The socket chisel, I), derives its iianie from its 
pec'uliar inoch* of handling, 'flu* tool, inslc'ad of 
being tang(*d. as is tlu* ease with all other chisels, 
is provid(*d with a s()ek(*t into wliieli tlu* handle 
is driven, in tliis i’(*sp(*e( being a suivival from 
the ancient days of the* bjemze use*rs, for (hey 
soe*ke‘ted ne*arly all the*ir e*hise*ls. F is a he*nt 
mortise chisel, the lock mortise or dog leg chisel. 

The turning e*hisel (4. A] is a p(*e*uliar e^xample*, 
and forms almost a gieuip by itse*lf, the only 
tools approaching to it in form b(*ing the timber 
.scribe, and earveTs' e*oine‘r e*])isels. It is 
doubly he'velled like (be* a-xe*, and its e*dge i.s 
bevedled transve‘rse‘ly, so tluit the* toed cuts in a, 
diagonjil diivetion. ft is phiet*d at a tangent to 
tlu* work, and the action when in this position is 
purely e*utting, nevei* sera|)ing. In skilful hands 
it is a most clean -euitting and efficient tool. 
A ve*rv w ide e*hisel w itli a single bevel is the* draw- 
knife, H, iise*d for roughing dow n exlges and narrow' 
faces. 

’Pheie are a e*onside‘rable number of chisels 
made forspeeual trade*s. the most enrious of Avhicli 
are* carvers' e*}jise_*ls [5J, in w]iie*]i, in conseepience* 
of the* irre'gular eharaete*!' of the* w'ork, va-rious 
outlines are given to them. The ediisels are* 
straight, and bent jB]. A, and right and loft hand 
corner, B, and i\ Tlu* ree tools, 1), E. F, or parting 
toots, are* like double chisels, and are used for 
working out ve‘e‘-sha})('d groove‘S and angulai’ 
e*e>riu*r.s. Tliese are also straiglit and curved, and 
of more or less acute angles. 

Chisels for Metals. The emgineers’ 
chisels for metal are all formed on the same type 
as 4 lie cold ehisi*l |6, A]. This is a doubly bevedled 
tool, aUvays driven by the percussive aedion of a 
Immruer, as at F. It does not split at all, but cuts 
by the edge only, so severing just so much of the* 
inaterial as it is in actual contact with, differing 
in this respect from the axe and hatchet, wliich, 
oxieratiiig on soft and fibrous timl)er, split aiul 



Toor^ 

1. A. An olitURe-niiffled «. An imUr-aiiffh'U <litt<» o. A\«* I’leavliitf tiiii»K*r t>. (iliiat*! r<>innviii^ linn fli.ivmK a. rirnun- i-ln m-1 is. I'.ii Iiil; ( In vI 
• MortluecbiKel n. f. r.wljniHkpj-s'rhMnl k Wk Jinirtijnrliiwl ;i. a, AcJzn is. Axi- 4. a. Turiilntfchisol ii. Driiwkiilfi* r>. IWv.i-’ 

iMMit chibol n aini KlRbl luul left-lminl wirnor chlieU i>. k. StraiRht piitiinr Uk*1« k. Hs-nt. parliiiR tiH*l H. a Coltl tliiM-1 n. rm.-^s-i ut fhi-i'l 

«■. DiaTunnil point i>. C"wmcnith or hollow cIiImcI k. lluiiinl iioat* v . At-lloii of the i'ol«l chiKi-l chiiipiuR im-tal 7. a, m. <litl»TonMv hainlh-'l 

c. Hinith'a hollow Mett or roiiro p. ."k-tt used iinfler atcaiii hiuiiinfr k. Anvil c-hisel or hua il eiilU-i m. a. OnUide tii incr koiiro n. lisHidt* paiinjr k,.>ii!;f 
A. rarvorn’ NtraiRht K'HiRf n. Tar vita' Rotige v . Ik'ut gungH n. Ihusk. tiont gouge H». a I'lftne-iion and nhick In aertlon 11 rtpoUeahave in 
lli. A. U«(>tiun of ronnd plane a. Me(*tkin of hollow pliviiu c. Heuthm of imnilding plane l:i. a. T.\ pii al nsetitl tniningluol n. Uiavor In section, tilted at 
high angle, i'. Dlttinit low angle u. normal k. IHtto, I ilie«l giving negative rake r Toni with little top rake entting erystalllne met, il n. T*iol 

or wrought iron, ent'lng “having ^ T I- a. llight and left hand tonla for turning or planing ii. ItiRht. hand ofr-«wt tool o. Uight .iini h-ft liand eninked 

tfH>la D . lh>utile-edi(e 1 tool or diamond point i:. Parting tool r. Right ainl left hand knife tooU l-'». a. lh»iiMe.fiitli-d slotting to .| n. Iti.ineofl 

point ^lotting tiMil <■. Round iiom* •♦lotting l-ad 
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divide the grain in advance of the cntting edge. 
( -ast and wrought iron, steel and brass are attacked 
(*asily with the cold chisel. Its edge may be 
straight, or slightly convex crosswise, but never 
hollow, since that would cause the tool to draw 
in. There arc other chisels made on the same 
)>rinciple, but named according to their specific 
purposes or forms, as the cross cut or cape chisel 
[6, IV], the diamond, }Kmd or nicker,, C, the cow- 
mouth,, T), the round nose, E ; and the smiths’ hot 
ami cold setts [7, A to D], anvil chisels [7, E), et<\, 
all of which are operated percussively. 

There is a group of turning chisels for wood 
which do not cut- at all, but simply scrajie, their 
faces being presented normally to the tangent of 
the surface of the work. "I’hese embrace the 
firmers, the round nose and side chisels, the 
hollow chisels, and other tools of s])ecial outlims 
the edges of which are the counterparts of the 
profiles of orn<amerital turned work in hard 
woods, ivory, and metals, 

G6uges. Gouges, wJiich ar(‘ a large family, 
aie strictly chisels, differing tIi(‘r(‘from only in the 
plan view of the tnlge, which forms a curve or 
sweep, more or less flat, or quick. Hence the t<‘rm 
“ hollow chisels ” formerly applied to them. 
N(^cessarily, gouges are made in an extensive 
range of curvatures. A gouge of very large radius 
is flat, one of very small radius is quick ; middle 
fhU designates some inteiniediate curves. But 
thert^ are six series of cuives made, so that a 
gouge of any width can he had in six dillerent 
curvatures. The widths made range from J in. 
to *2 in. Almost every type of chisel has its 
counterpart in a corr(isj)onding gouge, so that 
there fire firmer (8, A ], paring [8, Bj, carving 191- 
milUvrights , turning, etc., all having the same? 
iharact eristics as the chisels, sphere is one other 
distinction, liowcver, of importance, and that is 
the division into inside and outside gouges, 
jiccording as the bevel of the tool is ground off 
on the inside or outside sweep. Paring and 
millwrights' gouges an' ground on the inside ; 
firmer, (‘arvers’, and turners’ gouges upon the 
outsid(\ Th<^ foj’iner arc* therefore used only for 
straightforward cutting ; the firnuM's and carvers 
arc* c'lnployed for siiajung concavities. The* 
turning gouge opc*ratc*s along a line simply, the 
work revolving. 

Handles. The handling (.)f thc*sc* tocjls is 
that w’hich is best ada))ted for their special 
work. The mortise and socket c-hisels |2,(’, D] 
are providc'd with the stoutest handles of all, to 
withstand the shocks due to continued and hard 
|KU’cussion ; the firmeu* [2, A] and carvei^s’ and 
parting tools [5) are liglitly handled, their out- 
linc*s varying 'with taste and coiivenient*e. The 
turning tools ( 4 , A] have long handles to enable 
the workman to maintain firm grip and leverage 
against the shocks and forces tending to throw 
theun away from, and to damage, the work. 

Planes. The tools hitherto considered have 
no contiol S4ive that afforded by the steady 
coercion of the workman's hands, maintaining 
due pressure between the tool faces and the 
faces of the material. Tn the planes a great 
iuivanco is made. Set and eoerce a chisel in 
a of wood or metal, and we have the plane 
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which produces accurate surfaces, the stock 
exercising the necessary control. But in the 
planes w e meet with an apparent depart ure from 
the principle previously stated that the cutting 
face of the chisel should be as nearly as possible 
coincident with the face of the material. The 
cutting irons of most planes are sot at an angle of 
45 deg. in their stocks flO], the exceptions being 
unimportant/ and few, chiefly affecting planes of 
a special character, and some of those used for 
hard woods. In the spokeshave fll], which is a 
kind of bastard plane, exact coincidence exists 
bc'twcon the cutting face and the face of thc^ 
mat(*rial. yet the spokeshave does not approach 
the planes in value. The retison is apparent. The 
want of coincidence of the faces of tool and work 
leeeivc's compensation in the ])lanes by the stock, 
the long hurc* of which (’ocuTes and controls the 
iron, remdering its cutting action praoti(;ally 
identical with that of a chisel, while the spoke- 
shave embodies the guide principle only in a very 
minute dt'greo— so little, in f«act, that though it 
cuts sweetly, it is unable to piwluee accurate^ 
surfaces. 

The (‘fliciency of the plane, therefore, is diui 
to its stock, in the aV)scncc of which the iron, 
being set at an angle, would be drawn in, and 
follow' the course of the timber grain, curly or 
otherwise, much as an unassisted chisel tends 
to do wh(‘n working l€*ngllivvis(^ of simil.ar 
grain. But it would he impossible to remove 
shavings and produce a true face on (uirly 
stuff if tlu* plane- irop w^cre set like that of a 
spokeshave ; the timber would he torn up 
whenever the iron met with cross grain. Its 
action would he too wedge-like, too much likt* 
that of a knife. Actually, on very hard and curly 
material, the ordinary plane has to be sot very 
finely, and used with care, and t hen to he followed 
by the .scrape*, in order- to oblitci’atc the marks 
()f the tf)rn up gr-ain ; arrd for this r*eason planes 
used exclusively for hard woods are some- 
times made* of a more upright pitch than those 
for ordinary w'oerds. For these reasons a 
plane whose iron should be set at a lower angle 
tharr that ordinarily employed would be useless 
for all except/ the softest and straightest greiined 
woods. In veneers, whte^li liave ver'v eiriiy 
gi-ain, the sur-face is prepared for the glue by 
a toothing plane, with the face of its iron per-- 
pendieular to the surface of the work, scraping 
it absolutely. 

Actually, Jrowever-, the angle of the cutting 
fare of a plane-iron is not so high as it might 
api^ear to be at flr’st sight. Tlie angle of pre- 
sentment of the iron is not that at which it 
is set iir the stock, but that at w'hich the bevel 
is ground and sharpened. The fli'st is about 
45 deg., the latter seldom more than 10 deg. 
or 12 deg., oftener |x^rhaps, 5 dog. or there- 
abouts, as sharpening is repeated. This, how- 
ever, would be quite enough to lead or draw the 
chisel edge inw'ards without the coercion afforded 
by the stock. 

The Top Iron. Necessarily, t^e getting 
of the iron at an angle in the stock deprives 
its cutting edge of some measure of that support 
w'hieh the true chisel has when its face r.s 
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coincident with the face of the work, andso makes 
the action of the plane aijproaeli remotely to 
that of scraping. But here two agencies come 
into play ; first, the rigidity of the stock itself, 
secondly, the influence of tlie lop iron [10]. The 
latter is screwed tightly down on tlu^ face of 
the cutting iron, almost close down to the 
cutting edge, and imparts such rigidity thereto 
that no chatter of moment takes place wdum 
cutting. This is one function of the top iron ; 
iinother is the breaking of the shaving, the 
shaving ciu’ling up the convex end of the top 
iron with the minimum of friction [lOJ. But 
when an iron stock is employed, it is usual to 
employ a single cutting iron only, which also 
illustrates the influence of the rigid top iron in 
lessening chatter ; for the iron stock is moie 
1 ‘igid, more free froni elasticity and vibration 
than the stock made of wood, and there is thus 
less need to use a top iron, which is often then 
discarded. VVe shall meet with this question of 
rigidity and of curling off of the shaving again 
in the metal-cutting tools. 

"I"he analogy bt‘tAveen the plane and the (‘hisel 
and gouge is seen further in the straight and flu* 
]irotiled forms imparted to the cdg(‘s of th(‘ 
irons. Planes producing straight faces are the 
jack, trying and smoothing, the jointer, and 
panel, the rebates, filoughs, and tilisters. Th<^ 
rounds and hollows f 12, A and B] ))roduce concave 
and convex edges ; th(‘ various monldituj planes, 
(*dges of numerous profiles, Difficulties in 

cutting arise in the last-named, because the 
proper cutting .angle cannot be maintained ta 
all sections of the profile, and the planes in 
consequence drag and work ha.rd, a.s do hollows 
and rounds in a slight degree. But these hav(* 
been largely displaced by rotary inachim* 
cutters, which always act by sim])Ie scraping, 
the faces of the cutters standing perpendicularly 
to the faces of the mouldings being sfark. 

We learn from the plane that, ju-ovided the 
action of the cutting chisel is rigidly coerced, it is 
not necessary for guidanc(^ that the flat face of 
the tool should coincide with the face of the 
material being cut, as it is in the chisel when 
hand operat<*d. The control is transferred to 
th(5 stock. Also, that beyond lh(‘ wedge form 
of the tool tluM’c is really little in common 
between the two elasses of tools. We have the 
(uirling up and free exit of the shaving on one 
side, and the clearance between the lower edge 
of the iron and the material, both of which are 
essential to sweet operation, and there is the 
essential of rigid fixing. Again, it is of no im- 
portance whether the bevelled edge of the iron 
is lowermost in the stock, as in the wooden 
planes 1 10], or the plane face low erniost, as in 
many of the iron ones. The })lanc? will now' 
help ns to understand the action of the metal- 
cutting tools. 

Turning and Planing Tools. 

Although there is no essemtial ditfcreiice in 
the chisels and cognate tools used by the w'ood- 
worker and the chisel-like tools of the turner 
and metal planer, yet the work of the latter is 
more or less a mystery to the former. Acquainted 
only w'itli the keen chisel, easily operated by 


the hand, the shaving of liard metal seems 
to be due to some occulf virtue in tlie material 
of whicli the tool is formed ; the analogies in 
form being somc'what disgiiis(‘d, are overlooked. 
Even so, the constant nse of tools for metal 
working tends to blind the enginee rs' machinist 
to the real kinship between thosti tools and the 
ones employed by tin* carj)cnter ; each, how- 
ever, is akin to the otlu'r. 

A Typical Tool. Examining now the 
formation of the tools used for turning and 
shaping metal generally, the we'dge form is 
still obvious, but it is modifit‘d by other essen- 
tials. ’^I’aking the typical roughing out tool 
in profile, as used for iron and steel [13, A], the 
tool amjlr, u, is a true wedge, though much mon^ 
obtuse — from 50 deg. to 70 or 80 deg. — than the 
croiTcsponding angle of a chisel, or a plane-iron. 
Tt is, however, no niort' obtuse than is necessary 
for its permanence of service. The carjienter's 
chisel would not endun* foi* a moment; the engi- 
neer’s tool retains its edge for several liours. M'he 
angl(‘ /> is the clmranrv angle, oi* hnitnm rlmrancf, 
and should lx* only just suflicient to prevent 
such friction betweem the t«)ol and tin* work 
JUS would inv()lYc wasted I'ncrgy and undue 
heating. If the clcaiJincc angle is mad(' ex- 
cessive, then, in order to Univc a suflicicmtly 
thick tool angle, a, to the cutting edge, tin* angle 
e of titp rake, hr front rake, luis to be diminished, 
juul this is an evil. It is ji pi‘inci})le that the 
nearer the lin<‘ d e ap}>roxiin»it(‘s to the tjvngcnt 
/ g, or to a plane face Ixuiig cut, tlu*, more n(‘arly 
]K'rfect is the action of the cutting tool. Actually 
the angle h should not exceed from 3 deg. to 0 deg. 
for iron jind sttM‘l, any jj.lt(nation aft<^r this 
for harder or softer metal being imidc in the 
inclination of the line d e. For Jiard steel, and 
steely cast iron, the jingb* e must, he small — in 
other words tlie tool angk* a- wmII he large ; for 
wrought iron and mild steel, the angle e will be 
larger and a sinalliT. Jii the latter tlu? ])urely 
cutting action will be more jironoimced than 
in the former. 

The Graver. The facts just stjitcd have 
so vital a bearing on th(‘ (‘fticicncy of cutting 
tools for metals that it is w(‘ll to put them in 
another way. A suitable cutting jMigle or tool 
angle, a, is only oni‘ of the essential conditions. 
Take as an illustration tin* ebunentary form of 
the graver, the old hand turning tool for metal 
113, B to E]. Its relation to tlu^ tool held in a 
slide rest or tool holder is shown ImOow by the 
dotted section at F. Now, even though the 
angle a is not varied, vt*i*y diffcriuit results will 
follow with diftVn‘nt angles of presentation, 
which W'ill alter the angle of top iuI<j* e, and that 
of bottom rake or clearance h. (Vimpjire with the 
preceding liguri* jit A. If the tool is raised, as in 
I) or E, it will not cut, but scrape only, and its 
edge w'ill be ra})idly abraded. Or if lowered 
as in though the top facj^ would give more 
fretMiom of escape t(} tlu^ shaving than at B, the 
low'er face would have less clearance. 

Hence results depend very much upon the 
manner in which the tool is presented to the 
work. Though the broad rule is that the top 
face of the tool should approximate as much as 
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poBHibie to the plane of the face or surface maohinen alike. Some are special to a particular 

which is being cut, or to the tangent to the same, machine, but however their shapes in plan vary, 

this rule is not invariable, since it is modified their sectional forms are based on the principles 

by the nature of the material. The harder and just explained. 

tougher the quality of the latter, the more essen- Cranking. What is termed the “ cranking ’* 
tial is the observance of the rule. The more of the tool is quite independent of its cutting 

brittle the material, as at F, the less necessary, action. Its purpose is to prevent the tendency 

The reason is to be found in the fact that material to hitch which is present when the tool is thrown 

which is hard, tough, and fibrous yields shavings backwards during heavy cutting, which hitching 

which are strong and difficult to break. They cannot happen when the tool point in in a lino 

come off in long spirals or ribbons, G, often with the back of the shank because it then 

many yards in length. If they can slide off strikes off, in th(» case indicated, by the dotted 

unbroken from the sloping face of the tool the line h [13, A]. This peculiar function is not so 

latter is not charged with the ext ra severe and necessary to lathe work where the circular 

unnecessary task of breaking up and comminut- outline of the work receding from the tool prevents 

ing tilio shaving into small chips, but is able to risk of a bitch. But in planing and shaping 

fulfil its legitimate function of dividing or cutting mac'hine tools operating on flat surfaces the 

economically. A tool which has to break its tendency to catch is always present, and then 

chips is subjected to extra strain, and, what the cranking of the tool is a necessity, unless, 

is of far more consequence, becomes unduly as is oftem now done, the tool is made of a 

heated. Rise of temperature limits tJio cutting very stout .section. Another reason is that tlio 

capa(uties of a tool cnt^rmously, and, thenffore, labour of grinding is lessened, and tlie necessity 

whatever tends to diminisli friction and lesson for reforging does not occur so frequently, 

heat favours its cutting power. The bending if the tool were not hollowed out on the 

over of a shaving without causing its friutture is top, the repeated grinding of the top face would 

thus a very important element in a cutting tool. soon cut out a dec^p angle into the bar, which 

It is seen not only in the metal-working tools, would be weak and give trouble. Being 

but in the carpenter’s plam^s. The “ irons,'’ hollowed, the top fai^e can be ground many 

as we have seen, are S(*t at such an aright that the times b(‘foro tlie hollow is lost, and reforging 

shavings creep out in continuous lengths. required. 

Solid Tools, The tools used in metal By means of narroAv- pointed, cluscl-liko tools 
cutting are not usually set in such a way that formed on these princi})los the largest majority 

their axt's are in the same plane as the faces of of engineers’ work is cut. By a succession tof 

the work. This would be far too inconvenient.. cuts of narrow width' and of greater or less 

The necessary form is imparted by forging and depth, the largest surfaces are operated on. In 

grinding in the case of solid tools. Exceptions thoAvidth of an inch the number of successive 

to this rule of inifiarting tool angles by forging cuts, or feeda^ will ranges from about four in 

and grinding occur in the case of tool points, heavy tooling to 40 or 50 in very light work, 

held in tool-holders, or cutter-bars, and in the When increased cutting is done it is generally 

case of hand-operated twfis 1 13, B to E], not- depthwise, depth of cut, rather than in Avidth, such 

withstanding that tlio essential angles of being found more economical, 

presentation to the Avork are alike in each. Slowness of Operation. All conditions 

Forms of Tools. Again, though copper being equal, the harder the material the slower 

and lead can be cut and turned with the tools for the speed, and the smaller the quantity of 

operating on Avood, the case is very different material removed in a given time. It is the 

Avhen iron and steel are concornod. The power principle of work in one of its many applica- 

required to cut luird metal is immensely greater tions. Deep cutting at high speed is practicable 

than that absorbed in cutting wood and soft in AvoodAvork, but not wlum metal is concerned, 

metal. Thus a Whit Avwth lathe removing cuttings The heat generated would be so excessive that 

from mild steel at a rate of 50 feet i)er minute, the tool Avould lose its cutting edge almost 

the cuttings having a section of J in. by J in., immediately and become very hot. And the 

absorbs the enormous tamount of poAver supplie<l work, too, if of small dimensions would become 

by a 60-borse poAAcr electric motor. For this hot and distorted, so that when it resumed its 

reason the broad chisel edges of the wood- normal temperature it would not be of correcjt 

Avorkor, represented, say, by a l.J-in. cliisel, shape or dimensions. Actually, it Avould be 

or by a 4-in. axe or adze, are scarcely used correct to say broadly that the generation of 

by the metal-worker, except for the finest heat sets the limit to the speeds used for cutting 

finishing ; the stress and the force required for metal with tools of temper carbon. This is very 

operating would bo too great. Therefore, narrow much affected by the forms of the tools them- 

edgeis are the rule, not exactly points, but edges selves, and the efficiency or otherwise of the 

of a sensible width, seldom, however, exceed- lubrication adopted ; but when all is done that 

ing J in. or J in. in width when metal has to is possible in these conditions the limitations 

be removed in considerable quantities, and of speed are soon passed. There are certain 

generally less than J in. in width. A group speeds suitable for cutting each kind of metal or 

of these tools is shown in 14 and 15, being alloy, and though these vary with the conditions 

straight forward and right and left handed, etc. just named, they cannot under similar conditions 

Many are used on lathee and reciprocating b© exceeded to any considerable extent. 

Continued 
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Y?7HAT is water ? A tiiiid or choinieal eoin- 
^ pound conti)oscd of two parts of liydrogen 
to one of oxygon, the three volnnies being re- 
duced to two in the compound and ropresent(*d 
by the fornnila TToO, is tlio theoretical answer. 
Such a fluid is hardly ever met with in a natural 
state in all the waters that are found on the 
earth’s surface. Distilled M^ater is sometimes of 
this composition, but not always. The compound 
is also pure when artificially formed by electro- 
lysis from the two gases. 

Properties of Water. The properties of 
water are peculiar — it freezes {iw) at 32^ F. and 
boils (steam) at *212” F. It attains its maximum 
<lensity, or greatest weight, shortly before frt‘ez- 
ing, at 3tF F. Tt. therefore sinks to the bottom, 
juid getting colder rises to the surface* again 
U) form i(*e as it bi'comes lighter. 

The weight of water is 770 times greater than 
that of air. As vv'<*- have said, waf(‘r boils at 
2I2‘'’ F. (when the bai’omcter is at 30') and 
b(‘comes steam and increases to 1,000 times its 
ouii v'olumc. In vacuo (or without atmospheric 
])ressure) water boils at 32*^’ F. An increase of 
20 atmospheres raises the boiling point to 

41S" F. 

Water has a “ skin,” due to surface tension, 
on which many acpiatic insects are light enough 
to move about without getting Vet, breaking 
througli it. with difTiiUilty. Tliis “ skin ” is 
<‘last.ic, and tends to contract in all directions. 
It gives a spherical form to tears and rain- 
drojis, so that w<‘ gel the great(*st bulk with 
least surface. Water has the toiighest skin of 
all natural fluids except- mercury ; it has also 
many oIIkm- qualities, such as incompressibility, 
of use in hydraulics. 

Sources of Water. We now proceed 
tt> consider the sources of the various kinds of 
finish water, which ultimately come from rain. 
Rain-water either flow's on the surface of the earth 
or sinks in, and this forms ui)land surface waters, 
rivers, springs and wells. It originates in 
clouds, which arc mists formed of watc’r distil l(‘d 
from the sea by ova))oration. As tin* atmo- 
sphere is cooled, what is called “ saturation point ” 
is reached, and the Jiir can no longi*r contain tln^ 
moisture, Avhich collects in drops and descends 
as rain. If the point of saturation is not 
reacdicd above 32"^ F., the water falls as snow' 
[see Geocjraphy, pages 294 and 430]. 

Rain-water is, of course, theoretically pure — 
that is, nothing but It may bo so some- 

times in the clouds, but i? not so as wc know it ; 
for, as a matt er of hwd, it receives many impurities 
from the low'cr air before it reaches the ground 
at all, and thus contains nitrates, ammonia, 
spores, germs, and various solid bodies, >>esides 


salt- and sulphuretted hydrogen. As Ihigland is 
an island, the siinount of salt in rain-water heie 
is large, amounting to as nuieli as tw'O grains in 
a gallon, while tlu^ nitrat(‘s are only *007 per 
e<*nt. 

Quantity of Rain-water. 'Phe amount of 
rain-w'ater that now* falls is detieient- in (piantity, 
hut is supplemented by tin* vast bodies of fresh 
water existing in lakes, etc., and underground. 
Even if morci wen* lost tlu* rainfall is mjt sufli- 
eient to supply .lO peoph^ pt‘r annum. The. 
annual av<‘ra.gc of lainfall in tlreat Britain for 
20 years is in. ; locally it vari('s between 
20 and 70 in. annually, eastern coasts being the 
driest, and western hill districts, like the English 
Ijjikes, tlu* w'ett(‘st. To find the (piantity of tlu* 
rainfall, multiply tlu^ area of tlu* surbu'c in 
scpiare feet by half the rainfall in inches ; this 
giv<*s the amount of gallons. Oiu* inch of rainfall 
(*(juals 101 tons per acre. Tlu* number of inclu's 
multiplu'd by 14.1 giv(*s tlu* number of million 
gallons p('r s(piar(* mile. Otu* inch of rainfall 
is 4.\ gallons per squares yard. The rainfall in 
tlu^. w'ett(‘sl year is double that of the driest, 
and (.me-third abovt* the avt*rage. To tind the 
rainfall on a. roof, tak(' the horizontal ar(*a of tlu* 
roof, with a slight allowance for evaporation, 
and apply the rule as above*. roof of 00 
sq ft. horizontal ineasurem(‘nt with a rain- 
fcall of 30 in. .per annum will eollecl 2j gallons 
a day. 'Phe^st*. formuhe are simple and easily 
remembered. Ha.in-wat(*r to be drunk must be 
filtered and stored in a. tank, preferably of neither 
metal nor wood. As rain-water falls it becomes 
aerated to sonu^ (^\tent, which is an advantage. 
Out of 30 in. of rainfall, nearly two-thirds (10 in.) 
sink into the ground. 

Of eoiirse, all tlu* impuriti(*s gathered by rain- 
water as it falls tluough the U)W'er air are multi- 
plied a hundredfold, until the roof is washed 
clean. The first water off a roof should therefon^ 
always run to waste, and the r(*st Ik* stored. 
Aut(>matic S(*parators are ingeniously contrived 
to effect tliis. Rain-w’atcr is not palatable, and 
is never a favouritt* beverage, though some 
countrU*s have to depend almost wholly upon it. 
It is lu'st stored in slate*, but wdien k(*pt. a long 
time, as at (Jibraltar, .h^rusaleni, and elsewhen*, 
it is pr(*s(*rved in eovi'red underground cisterns. 
The eapaeaty of the tank should be two gallons 
for every S(]uare foot of the roof. 

Upland Surface Water. Upland surface 
water avo find in lakes and ponds in higher lands. 
The watc^r is generally jiure and soft, but eon- 
t>ains a (lonsidorabhj amount (3 grains or inort* })er 
gallon) of vegetable matter. It is often artifl- 
eially stored by dams on the niooi’s, and is there- 
fore sometimes peaty in colour and taste. Tt is 

4155 




HKAI.TH 


being increasingly used, and is supplied from 
lakes to Liverpool, Manchester, Glasgow, etc. 
Though excellent for wtishing, its chief danger is 
that common to all soft water — dissolution of 
some of the lead of the pii^es through which it 
flows. It is probable that, ere long, with the 
increasing impurity of the Thames, some upland 
surface water will have to be supplied to London. 

River Water. Rivers are naturally pure, 
and their water is harder than tlio surface 
water, hut less hard than spring water. There 
is great danger of contamination from the banks 
and town.s. No river in England is long enough 
naturally to x>urify and completely deposit the 
sewage that falls into it. The natural process of 
puriHcation is performed by vegetation, which 
oxidises it by dilution and by preciX>itation. 
Tlic deadly micro-organisms (tyyflioid) which may 


Shallow well water is very hard, nearly always 
impure, and often foul from sewage. Deep 
spring woU water is pure, and may be hard or soft. 

Artesian Wells. Of very ancient origin 
in the East, these may be called artificial 
springs, for where the pressure on the subsoil 
basin is very great, the water rises at once to 
the surface, and may even do so in the form 
of a jet. 

A good illustration of the way water lies under- 
ground is found in what is called the London 
Basin [1] 

The extent of this basin may bo judged 
when wc know that the southern outcrop of the 
town greensand is at Sevenoaks and the northern 
at Dunstable, distance of 40 miles. It is 
believed that the water of a well in Trafalgar 
Square, 390 ft. deep, flows into the ground in 



1. niAOBAMMATIC HKCTIOX THROl^Ul LONDON BASIN, SHOWING STRATA AND UNDERGROUND WATER 
Ufliroduml t»y peniiisHioii from Dlajframmettfs l»y W. II. 


abound at a sewage outfall, instead of multiply- 
ing as they would do in jiurc water, soon decrease 
and die out as they arc preyed on by the numerous 
large bacilli that abound in riv<u’ water. Hero 
we reach a great truth to which we may allude 
again — viz.^ that the pollution of a large river by 
infective germs is of little danger compared with 
the contamination of wells and streams ; in 
the former the germs tend to disappear, in the 
latter, to multiyily raj)idly. 

Springs and Wells. Shallow wells 
catch the ground and subsoil water ; deep wells 
tap the water stored beneath impervious strata. 
Shallow ^lells are generally under 50 ft. deep, 
but one only 30 ft. deep may pass through 
rock and tap “ deep well ” water. The depth 
of a well is ssppos^ to equal the radius of the 
Circle which it diains, but this varies more or 
less according to the character of the soil. 
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Hertfordshire. In the chalk there is a “ fault ” 
west of Hendon which allows a great deal of 
water from the clialk outside this area to enter 
flic Thames near Reading ; some 300,000 gallons 
also enter the river daily near Windsor. 

All the water in this basin below the London 
clay is generally good though mostly hard ; 
above the clay it is fouler, at any rate suspicious. 

Shallow Wells. All shallow wells in 
London are now’ foul and dangerous, and in 
villages they are often the same. 

The bt^st rocks in England for yielding good 
water are chalk and new red sandstone. Tiic 
site of a city is generally determined in the 
first instance by the water supply. Subsoil 
water varies in height according to the time of 
ear. When it is high, as in March, it is un- 
ealthy ; when low, as in OctoW, it is 
healthier. 
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Coming now to tlie country, shallow wt'lln are 
very common in cottage gardens, Avhich fre- 
quently contain t wo holes only a short distance 
apart, one in which sewage is stored, and 
the other from which water is drawn. As tlie 
ground is porous, the result is that the water is 
really dilute sewage, though it appears light 
and sparkling, and may not even smell till it 
has stood a little while. It may be drunk for 
years if no contagious germ has fallen in, for 
it is not necessarily infectious. 

Wells in which the water-level is easily de- 
pressed by pumping arc tlu^ most dangerous, 
as they will suck water from 20 to 100 times th<^ 
distance of the depth of the. depression. The 
alttwation of the level of the subsoil AvatcM* is 
often a (lang(‘r. When low, the sewage and the 
well water may remain distinct ; when the water 
rises it may connect ^the two. 

Foul Wells. Pollution of a avcII 
depends on : 

(1) Its position as to cesspools. SANDVi 

(2) The amount of depn'ssion of 
water-lcv(‘l hy pumping. 

(.*1) Tli(‘ porosity of the soil cav^. 

around. 

Fold wells show their impurity host 
after rain, also if the water he k(*])t a 
short time, or is a little warm. Vill- 
age wells should he sunk on a h^vel 
above the source of possible pollution, 
and at 200 tim<‘s the distance of their FINe 
dei)th from any possibhi source of '2/^ 

impurity. The mouth should be 
eovered, and the well should lx* lev<*l 
Avith the neck for the first .‘10 ft. and 
litted with an iron piimp. 1Mie pumj) 
is called a “suction ])iimp ” if the 
Avater has not to be raised 2,5 ft., 

Avhich is about as high as it will rise 

by atmospheric })ressiire. It is called 

a “ force pum}) " when the Avat(‘r is 

oA'er this depth, and water has tlien 

to he “ forced ” up hy pressure. In 

this ease buckets, being chea])er, an5 | 

generally used. i - j— 

Deep Wells. Deep Avells, to eii- j - j 
sure purity, should ahvays he Iwicked 
doAvn to the im})ervi()us stratum - 

through Avhich the well is lined and 2. a sa] 
through Avhich the surface water <*an- 
uot pass. This precaution was omitted in a. 
Avell near Live^rpool, h(.)red through n<nv red 
sandstone, Avith the result that it drained all 
the shallow avcIIs around. These avci-c then 
practically cesspools, and naturally fouled tlie 
de<?p well. An elaboratt? system of drainage 
had to be devised, and it Avas four yt‘ars 
before tlie deep well could be used again. 

In deep Avells nitrates are found, but the. Avater 
is otherwise pure and (piite sterile — i.c., free from 
all germs. As already pointed out, tliis is not 
such a safeguard as it .it first appears ; for if 
typhoid or other germs should get access to it, 
they thrive incredibly, as there are no other 
germs to destroy them, nor any light or air 
as in rain-Avater. The air in Avater is generally in 
the proportion of 18 parts of nitrogen to 1 of 
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oxygen, a different p]‘o))ortion to that in the 
afmosiihore. This dissolved air gives water a 
pleasant taste, Avhich is absent in boiled water 
containing no air ; the latter can be made palat- 
able by pouring it tbrougli toast. 

Drinking Water, flood drinking water 
shoidd be selected from tlu* ])urosi sonrc(‘s, and 
should have no taste, simOl, or colour. If the 
quality of Avater appc.ars doubtful, set a glass 
aside in a Avarni, dark cupboard for two days ; 
if it becomes cloudy and smells, it is bad. 
Water A'aries jiecording to its source : from 
alhndal soil it is generally impure ; from chalk 
soil it is generally good, with tem]>orary hard- 
ness ; from limestone it is good, with permanent 
hardness ; from millstone grit it is ]>ure and not 
hard ; from granite and tlie ])rimitive rocks it 
is jHire, but may have salt dissolvofl in it. 

Water from springs, dcxqi Avells, and 
upland surfaced is avIioJosoiik* ; ^that 
from stored rain and lowland surfaces 
-TE R 1^ suspicious. Shallow well water and 
soAvage rain-water are dangerous. 

Water Supply of Towns. 
We now turn from, th<* varieties and 
qualities f)f water to the >\ at(*r sup})ly 
of towns, which is as follows in round 
ligures : 

London 5tl gallons d.iily per h iid 
Edinburgh 40 

Dublin ,‘{5 „ „ „ „ 

(Glasgow 50 „ „ „ „ 

Berlin l.> „ „ „ „ 

Vienna 22 „ „ „ „ 

Sheffield 20 ,, 

Hospitals have GO to 00 gallons 
daily per head. 

Four gallons daily per head is the 
absolute minimum possible, and fifteen 
gallons daily per head is the practical 
MMwgMM minimum all round. 'Pile amount 
consumed daily p«‘r head is 100 

ounces, one-third being in food. 

London is supplied Avith 120,000,000 
j gallons daily, hut 15 gallons per head 
n. -j- are lost daily in transit. A Aiastci- 
I ~ ’ I detectoj- jilacenl in Lambeth has saAcd 

L 14 gallons per head ])ei' <lay. 4^he 
supjily is 25 gallons daily pei* 
FILTER head for ])rivat.e, and 10 gallons for 
puhlie use. 

Impurities in Water. The im])urities found 
in Avater are obvious- amatterofgrcatinij)ortane(‘. 

Various minerals an* held in water termed 
pure, rendering it lh(*reby /nirt/ f)r so/f. The hard- 
n«*ss in Ava t(‘r i.s called fnnixnory if it is due to 
earhonate of lime, and perm(metU if due to sul- 
phate of lime and salts of magnesia. <K course, 
carlxmatc of lime in common chalk is insoluble, 
but Avitli the addition of some earlx)nie acid it 
lx*eomes bi-carbonate, which is soluble. CaCO.. 
(chalk) ! CO.^ C-a.jCO;. ^ bicarbonate. This 
change is effected by rain-w'ator, which contains 
CO.j, hy Avashing the surface of chalk ; hence, to 
precipitate the lime, all that is needed is to draw 
off the CO.j by boiling. This precipitatixl chalk 
produces temporary hardness and forms the 
prineii)al part of the fur on biiilers and kettles. 

41.57 



HBAI.TH 





Hard Water. One degree of hardness is 
duo to 1 grain of salt per gallon, as shown by 
“ soap test” ; it requires I extra volume of soap 
solution to make a lather; hence 5 volumes of 
sf)ap solution are required to make a lather in 
water with 24” of hardness. Each degree of 
hardness requires 2} oiuices cixtra of soap, to 
make a lather, to each 100 gallons of water. 
Watt'T up to 20” of hardness is not injurious to 
healthy people if it bt? temporary or due to 
bicarbonate of lime only, though it may bo 
harmful to gouty persons. Water should not, 
however, for health have above oO” of per- 
manent hardness or sulphates (not cl(q)ositod by 
boiling). Water with hardness up to (>” is all 
callt^d 

Hard wat(‘r soon blocks u]i boilers and pif>es, 
and is a cause of waste in many ways. Nearly 
one- third of all the tea used in London is wasted 
by hard water; and .Glasgow’, when it substi- 
tuted the soft water of Loch Katrine for hard for 
^vashing purposes, etc. saved £^1^,000 in soap alone 
per annum. In cooking 
(especially boiling), the 
salts get dc'posited in 
meat and vegetables, 
making these hard and 
indigestible. 

Tlio fur in boilers is a 
source of many troubles, 
c'orrodes the metal ; it is a 
non-conductor of heat and 
wastes fuel ; it coats the 
food ; it prevents solution ; 
it lessens tlie size of pipes ; it 
allow's the sides of boilers to 
become rcKi-hot, and they may 
crack and explode, (’lark's 
)m)ces8 softens water by 
adding enough lime to com- 
bine with the (yO.j and to 
precipitate all the carbonates. 

Kut it only removes tem- 
jjorary hardness. Maignen’s 
Anti-Calcaire adds lime, alum, 
and carbonate of soda, carries 
down all organic refuse, is said pasteur-cham 
to remove most of the perm a- berlanu fii.ter 
nent hardness as well, and pre- 
vents the crusting of boilers. 

Professor Nesfield’s process 
purifies drinking w'ater of all 
organic and dangerous de- 
posits by adding iodine, and then converting this 
into a soluble salt by a salt of soda. It claims 
to kill all bacteria in water in one minute, and the 
water afteiwvards is (.‘lean, harmless, and palatable. 

Source of Impurities. Pure rain-water 
only contains half a degree of hardness. Most 
rivers are hard; the Thames contains 15”. 
Hardness in w’ateris bad for gouty people, and 
maps of the British Isles arc prepared showing 
w’here the water is hard and where soft, so that 
people may select their place of residence 
accordingly. 

Impurities in water may he produced (1) at 
the source ; (2) in transit ; (3) in distribution ; 
(4) in storage. 

415vS 


w 


J, Tiilct of tap water 
2. Water rliaiiibei' 
under pressure 3. 
rorcelaiii eluunbcr 
throujrh wliicli water 
pendulates 4. Outlet 
for Altered water 


L»ead and Iron. Tlie first, and perhaps 
the most dangerous impurity is lead. Permanent 
hard water soon forms a deposit of sulphate of 
lead inside the pipe, and thus protects it from 
IjiCing dissolved ; but chalky water attacks lead, 
while soft water soon forms an oxide of leatl, 
which is soluble in water. This is detected at 
once by adding sulphuretted hydrogen, which 
produces a brown coloration. The action of 
water on lead is not yet wholly understood; 
''Pho soft water of Loch Katrine transferred to 
Glasgow’ acts on the lead, and yet there is no 
poisoning. Heat, pressure, and stagnation 
favour the action of lead in the water. Proper 
filtration removes it. 

Block tin pipes art? needed for soft waters 
(especially with nitrates), and for all aerated 
waters. '^Phere is a system of adding carbonate of 
lime to soft w ati^r whieh prevents contamination 
in lead pi^x^s. This has been done at Sheffield. 

Iron in the w ater sometimes dissolves the lead. 
If there bt? more than one-twentietli of a grain 
of lead per gallon, the water is deemed unfit to 
drink ; one-tenth of a grain may produce symp- 
toms of poisouing. At (JIaromont, sevc>n-tenths 
of a grain was found in th(? w’ater. (’ast-iron 
j)i{)es are, of course, safe. 

4Mie purest and softest water and aerated water 
get most contaminated, also water with excess 
of organic matter (nitrates) and chlorides. 

Organic Matter. Organic matku' is (M'ther 
suspended or dissolved in w’ater. It should not 
<*xeeed 2 or 3 grains per gallon, and may be in 
one of three forms : 

1. Unchanged— dangerous. 

2. (.■onsistiiig of ammonia — less dangerous. 

3. (’onsi.sting of nitrites and nitrativs — ^liarmless. 

The nitrogen alone may be also in a fourth 

form —4 '00 gas — which is harmless. There should 
not Ik‘ in t)rdinary water above 1 grain per gallon 
of nitrites or nitrates. In pure water there is 
none. Of ammonia (free — i.e., combined with 
an easily deeoni|)Osed substance) there must be 
less than 05 per million. Rain-w’ater often con- 
tains much more*. Nitrates are due to animal 
pollution. When there is much albuminous 
ammonia — f.c., ammonia in organic substances 
not easily decomposed, with nitrates, etc. — tlie 
cause is vegetable pollution. 

Deep wells may contain free ammonia and 
chlorides w’ithout being polluted, but in shallow 
wells these cause pollution. General solids in 
water should not exceed 8 grains per gallon, 
though in chalk they may rise to 14. Sewage 
water may be clean and drunk with impunity, 
and is even fattening, if free from pathogenic 
germs, whidi cannot be detected. The two 
diseases most easily conveyed by water are 
typhoid and cholera. Any oxygen dissolved in 
water is mixed with it mechanically, as in air, 
and is not chemically combined. 

Distribution of Water. Aqueducts have 
been used from the earliest ages. They existed 
in Pompeii 312 b.c. The Romans used inverted 
syphons to cross valleys! ; now water is conveyed 
uphill and downhill in iron pipes in a gentle 
flow. In towns water and sewage pipes should 
never be laid together. The former should be 



plunged into pitch or varnish, and either glazed 
to avoid corrosion, or healed to a white heat 
(1,200 F.); steam should then be passed over 
it, forming a protecting oxide. The pipes should 
have spigot joints, rimmed \vith lead and not 
with gaskin and tar. Water w^aste preventers 
should be fixed to eaeh main to detect leakage. 
All house pipes are of lead for eonvenience in 
levelling, etc., and it is here the danger occurs 
with soft water. 

The largest city in the world (London) still 
d('l)ends on rain-water, and uses one-third of 
the Thames. It is caleulated that of ten 
glasses of water on(^ at least luis been used 
before ; in fa(;t, is dilub; sew^age. The principal 
supply is taken at; Hampton and stored to 
settle and clarify in reservoirs eapable of hold- 
ing a week’s supply. Five himdrt^d and sixteen 
million gallons daily are taken by five companies. 

Filtration. The water is then filtered 
through 3 ft. or more of fine sand and gravel [2]. 
The finer the sand, the fewer microbes pass 
through it. Ordinary sand lets half through ; 
lino sand, 14 per cent. ; v(‘ry fin<^ sllv(*i‘ sand 
only 5 per cent. The fine sand \is(‘d to be 
reinovcid and well washed as needed. Tlw' 
flow of water through must not exceed 3t) 
gallons per square yard per hour. By filtration 
mere surface w^ater is changed info pure ground 
w'ater. The new'ost method of using tlu^ sand 
filter is to allow a jelly-like scum to accumulate 
over the sand consisting of intiuinerablo bacteria, 
and constituting a living filter. The crowding 
niiorobes on this suifaee penetrate into the 
sand, nitrify the organic mattiM’ and destroy 
other and poisonous germs. This surfa4*e 
sliould not be disturbed as long as the w'at<‘r 
w^ill pa-ss. In such a filter the sand should be 
1 ft. thick, and the water should sink through 
at the rate of 4 in. per hour. 

When such a living filter is in good order 
per cent, of the germs are removed. No 
filtered w^ater should have more than 100 germs 
per cubic centimetre of water. The waiter at 
Altona receives all the sewage of Hamburg, 
and yet, by filtration, is pun'r than flu* un- 
filtered river Klbo abovt^ Hamburg. 

In some (arses a Jaycu- of magnetic carbides 
of iron is placed under tlie sand to oxidise 
organic matter into nitrit('s and nitrates. 

Slate cisterns are gimd, but they l<*ak ; they 
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often made with grooved sides and set with 
white lead. This soon leaks ; the filumber 
repairs the leak Avith red lead, and poisoning 
ensues. Zinc or galvanised iron cisterns are 
sometimes used ; in this (‘nse the iron cistern 
is dipped into wetted zinc Avheii made. The 
best supply is a constant stTviee so that no 
cistern is needed ; thcui no fouling occurs. 
Serew'-down taps are wanted. 

The drinking supply should, of coui’Sf*, be 
separate from that used for closets. Lead 
cisterns are bad and are most, dangerous wh(‘U 
new' or scraped ; wood cisterns art^ also bad, 
but stoneware is a good matcuial. The cistern 
should be dark and w'cll covered. 

Analysis of Water. Points of import- 
ance to be noticed in analysing Avater aro : 
Suspended solids, dissolved solids, hardiU'ss 
(temporary or permanent), chlorates and 
nitrates, ammonia (free or albuminous), absorbed 
oxygen. Poinfs of minor inqiortance are the 
fixity or volatility of solids ; Ins.-i in soluJj^ or 
i(fnilion, and the ore.senee of nitrates, sulphates, 
and metals in solution. 

'Phe hardness is decided by tlu' soap test — 
thus, 70 euhic; cent. ^ 70,0()0 milligrammes, 
and as tluTc are 70,000 grains in a gallon, 
ther(‘fore tla^ milligramme is 70 cubic cent. = 
grains in gall. The soap solution contains 17 
grains of ( ’astih* soap to 1 lifre of Avater. One 
cubic centum (.)f this m‘ufralis('s 1 grain of salts 
of magnesium or lime. 

Chlorine is shoAvn by adding nitric acid and 
nitrate of silver. One grain of chloride per 
gallon giv(‘s a ha/au 4 grains turbidity, and 
10 grains a precipitate. The 
organic matter is shoAvn by th(‘ disappearanei^ 
of the pink colour caused by adding primary 
a(nd potash. Fre(‘ ammonia is revealed by 
Nessler’s f(*sf. Lead or copper ar(‘ shoAvn by 
adding hydrochloric acid and sulphuretted 
hydrogen, Avhich gives a. broAvn coloration. 
'riuTc is no test for poisonous gcuans. 

Microbes do not nei^essarily until tlm water 
for use, but; they shoAv the presence of nitrates, 
Avhich tiny reduce to nitrite's. Loav vegetable 
organisms })urify tlu* Avate^r and are found in 
all running streams. Higher animal organisms 
are also (.common in pure streams, and, like 
the ascaris or Huke, may be dangerous. 

I'he folhjAving table giA^es the average analysis 
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BEET SUGAR MANUFACTURE 

8 

Processes in Making Beet Sugar. Extracting Sugar from Molasses. 

sroAii 

C'jnthmefI from 
pilKL* 4U1'J 

The Beet Sugar Factory. Candy and Caramel. Invert Sugar 


From Beet to Beet Sugar. The outline 
for the jjroccBH of manufacturing sugar from 
beet is as follows : The beets are washed from 
adhering earth and stones, and then, by means 
of an elevator, sent uf) to a maehino whicli slices 
the beets into pieces resembling v(‘rmicelli. The 
sli< 5 es are th<?n put into large iron oylindeis and 
“diffused” with hot water, by whi<‘h means the 
sugar IS obtained in solution. This sugar solu- 
tion is then mixed with about 2 per cent, of lime 
and carbonic acid gas passed into it. A chemical 
reaction takes phu^ti, and carbonate of lime is 
thrown to the bottom of the vessel, taking with 
it most of the impurities. 'I'hc liming is rei>eated, 
and sulphurous acid gas passed in ; another 
precipitate then forms, and leaves a clear liquid, 
which is evapi)rut(^d until sugar is thrown out 
in a similar way to that followed in the ease of 
cane sugar manufacture. The divisions into 
which the subject can conveniently be divid(‘d 
are: (1) washing and slicing, (2) diffusion, (3) sat- 
uration, (4) evaporation and (o) crystallisation. 

Raising the Beets to the Washers. 
The be«'t.s are conveyed to the washing tanks by 
bucket elevators, scoop-wheel elevators, or sertwv 
conveyers [10]. The bucket elevator is not much 
used, at least in modern factories, as thf‘ grit and 
earth from the beet root cause a disastrous amount 
of wear on the buckt^ts and chains. The ,scoop- 
wheel consists of 
a long enelostnl 
wheel, with a 
series (jf scoops 
on the circumfer- 
ence. The beets 
are conveyed 
down a channel 
to the bottom of 
the wheel, and are 
caught by the 
bottom scoop. 

The wheel of 
scoops revolves, 
and as each scoo]3 
takes up its quan- 
tity it passes 
higher up, jmd is 
replaced by the 
one l>ehind it. Ulien the scoops reach the t-op 
of the wheel their contents are automatically 
thrown into a channel which conveys them to 
the washing maehino. To lift the beets to, 
say, 18 ft., the wheel requires to be very large 
and cumbrous, hence, if the distance be more than 
a few feet, the screw elevator is used. The 
screAo c^mveyvr is, perhaps, the most convenient 
means of transjjorting lawts, and is also useful 
for lifting \^ator at the same time. As will be seen 
from the illustration, the screw conveyor consists 
of a heavy hollow spindle with a spiral blade. 


the whole being placed in an inclined i)Osition. 
A screw conveyer about 40 in. diameter and 25 ft. 
Jong raises about 600 tons of beefts in 24 hours. 

The Washing and Slicing Machines. 
Washing removes soil and pebbles, 'which would 
not only injure the sheers, but introduce much 
mineral impurity into the subsequent diffusing 
vessels. Thci simplest form of beet washer is 
known as the whiak 'washer. It is fitted with a 
stirring gear consisting of a central shaft to which 
vertical arms are attached. The vessel in w4iich 
the stirring gear is attached is of wrought iron, 
op<m at the top, and fitted with a perforated 
bottom, through which earth and stones fall. 
Underneath the washing machine there is a 
discharge arrangement for the water, and the 
stom^ trap is fit t(‘d with a manhole for cleaning out 
the stones. AnotluT form of washer consists of a 
perforatvfl drum, into which the beets are put, 
an 1 which revolves in a water trough fitted with 
discharge arrangements like the whisk machine. 

AfU‘r washing, tht" IkxHs are conveyed by an 
elevator to the slicing macliino on an upper 
floor. This ek'vator may be of the bucket 
vari<‘ty, in which an encUess chain of buekeU 
is employed. 

The slicing machines cut up the roots into 
cossi'ttes," or slices. A useful pattern is shown 
in 11. Extra sets of cutter-boxes and knives 

should be ordered 
w ith the machine. 

Diffusion. 
Eormorly the 
bt‘ets were rasp(*d 
to a pulp, the 
juice pressed out 
in hydraulic 
presses, and thi- 
solid mass dried 
by centrifugal 
machines. Schiit- 
zenbach then sug- 
gested macerat- 
ing the dried roots 
in warm water, 
but this compara- 
tively slow pro- 
cess was replaced 
by the diffusion process, on the suggestion of 
Dubrunfaut. The sliced beet is conveyed to the 
diffusion battery by a band conveyer. Fig. 12 
showB a batteiy in a series of tw^elve diffusers 
arranged in a circular manner, the one sho'Wii 
being fitted up by the Compagnie Fives-Lillc. 
The hopper at the top revolTe.s, and feeds the 
diffusK^rs in turn with cossettes. Diffusion 
batteries are also arranged in straight lines of 
twelve or fourteen diffusers. The method of 
discharging the diffuser varies, but the botton» 
discharge for exhausted beets is preferable, as 



10. SCREW" CONVEYER FOR ELEVATINO BEET 


4100 





POOD SUPPLY 


shown in 18. Dr. Pfeiiler’s patent discharge 
is effected by means^ i>f compressed air. As 
soon as one cell of the diffuser is charged 
with cossettes, it is shut down, and warm watc^r 
run in. This water takes up some of the 
sugar, and is then passed into each of the other 
diffusers in turn. The smaller cylinders shown 
outside the circle of diffusers are called caJorisers, 
and reheat the water, -which, as it passes from 
the diffusers, loses much of its heat.. The ex- 
hausted beet is diserharged from the ___ 
diffusers, and is conveyed to a pulp flHjH 
press, whore a large proportion of 
the water is removed, and the residue 
left ready for cattle food. The 
spiral elevator press of the Masehi- 
nenfabrik Grevenbroich is one (ff 
the most modem type of pulp 
presses. The spent sliees enter at 
the bottom of a s(;rew elevator, 
and in passing upwards are drained 
of much of the water. The upper 
part of the elevator press ta|)ers off, 
and presses ^^he slices tighter 
and tighter, thus freeing 
them of most of the w'ater 
contain. 

Continuous Diffu- n 

sion. In continuous diffu- I 

.sion the diffuser is an iron I 

cylinder, and contains I 

a perforated iron cylin- mBSM 
der 4 ft. in diameter and ■ 

36 ft. long. The axis 
is formed by a smaller W 

cylinder, and between I pHHH || 
tiio two is a helix. The ■ I ^ 

inner cylinder is re- B B 

volved at such a rate ^ Bi ^ .*^,1 

that beet slices travel- 

ling along the helix take 1 1. bek'i 

about one hour to go 

I ho whole length. T^e cossettes are continually 
immersed in water, which enters at one end, at 

F. The conditions for good diffusion are 
fulfilled when the cossettes and water move in 
opposite directions. This type of diffuser is 
stated to require but little attention, and less 
labour than the battery type, but it has not yet 
come into general use. The temperature in the 
diffusers is maintained at 70° C. to 75° 0., 
but this is not enough to kill the germs of 
fermentation, which often cause much trouble. 
To prevent incipient fermentation, antiseptics are 
added to the beet chips. Hydrofluoric acid in 
the proportion of two to six grains pt^r hectolitre 
haa been recommended by Verbiese, Van Voss 
improving on this by using ammonium fluoride. 
Sulphurous acid, and aluminium bisulphite 
have also been advocated as suitable antiseptics, 
tt is the presence of enzymes in the juice that 
causes ita darkening, these enzymes acting as 
carriers of oxygen. 

Saturation* The juice is convoyed to 
the saturation tanks where tw’O to three per cent, 
of lime is added in the form of milk of lime. 
The &ipo is then submitted to carbonic acid 
gas, process being called carhonataiion, 
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Double and Triple Carbonatation* 

The precipitate that falls takes dowm with 
it many of the impurities in the juice, and 
the heat that is applied sends up a scum. 
The clear liquid is decanted, the scums 
and sediment being filtered in a filter press. 
The clear juice is again treated with a 
smaller quant.ity of lime, carbonic acid gas 
passed in, and the resulting precipitate again 
removed. Finally, sulphurous acid gas is 
passed in and the sulphide of lime 

U by filtration. The clear 
at results, knowm as “thin 
is next evaporated in a 
iianner to cane juice [page 
riple. cmhomUatum is some- 
?d, but while it is of groat 
)i*u.ctiee, it is not cons idored. 
ly superior to double ear- 
to Avarrant general u.so. 
of the sulphurous acid gas 
filtration through animal 
is sometimes done with the 
•ject of obtaining a clear 
3ro evaporation. The mas- 
rom the vacuum pans is 
centrifugals and washed 
jet of steam to whiten it. 
,r resulting from this treat- 
ment is termed first jet. 
The licpiid that flows from 
the centrifugal contains 
the molasses and is re- 
heated, filtered through 
charcoal, and ovaporau^d. 
^ ^ ^ , When spun in the contri- 

11 fugals the sugar yielded 

I I is known ns second jet. 
LI The mobipSHcs is treaUid 

a third or fourth time and 
11. BEKT SLicKK smaller quantities of third 

and fourth jet sugar ob- 
tained. The final molasses is troatod for Iho 
recovery of the sugar by special ijrocessos de- 
scribed later. 

Carbonic Acid Gas. The carbonic aeid 
gas used in carbonatating is obtained by roasting 
limestone. The kilns [15] in which this is done 
are either separately fired with coke or con- 
structed to deal with coke and lime in alternates 
layers. The interiors of the kilns are built of 
firebrick and cased with iron plate. The 
carbonic acid gas is drawn off through two 
pipes near the top of the kiln and the gas is 
then passed into a cooler and washer. The 
kilns are charged from the top with Hmo or 
lime and coke. The gas washer is a cylindrical 
vessefl ; the gas enters near the bottom and 
meets a shower of w'^ater which falls from near 
the top of the washer. The gas finally leaves 
by an outlet at the top of the vessel to bo pumped 
into the beet juice. The Sangerhauser Actien- 
Maschinenfabrik have a .form of washer in which 
the gas is led through narrow streams of water 
which drip from projections inside the washer. 
The points to bear in mind in regulating the 
limekiln are to use lime as free from alumina 
and silica as possible ; to use a coke giving 
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as little ash as possible, say a maximum of the air. It exerts a powerful bleaching ejffect 

7 per cent, of ash ; and to see that the charging be on the beet juice. Special iron furnaces are 

done regularly. Sometimes, from indifferent made for generating the gas, the upper part 

charging, the charge lodges on the sides of the in those made by the Maschinenfabrik Greven* 

kiln, this being known as scaffolding, and if the broich being fitted with a water ^jacket to' 
air bo not properly regulated free air will be prevent overheating. Sulphur is fed in. at the 

miircd with the g^, or if too little be admitted top, and combustion is started by inserting a 

carbon monoxide will bo formed. Air in the rod-hot iron and kept up by passing in com- 

gas may also be due to leaks in the kiln. pressed air. The fumes, known os suttjfi|uroiiH 

Sulphuroua Acid^Gas. Sulphurous acid acid gas, are pumped ^ect into Wf beet 

gas is given off when sulphur is burnt in juice at the stage inefleated above. 
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Lime. The quicklime removed from the 
limekihi is used in, the sugar factory for making 
milk of lime. This is usually done in brick 
tanks, but special lime-slaking machines arc 
sold for the purpose. Sufficient watior is used 
so that when all action has ceased the lime is 
still covered with water. Before being used 
the lime is diluted with water 
to make milk of lime. It has 
been found that slaked lime 
formed in the presence of large 
excess of water is inferior to 
lime which is dry slaked, and 
that solution of sugar is an 
improvement on water alone 
as it tends to preserve the lime. 

Some workers recommend dry- 
slaked lime to bo added to the 
beet juice instead of milk of 
lime, but others allege 1-hat 
darkening of the juice results 
from using the solid. 

Saturation Plant. Car- 
bonatation and sulphuration 
are carried on in squai'e satur- 
ators, either sunk in the floor 
with working valves controlled 
from the top or so arranged 
that the valves are in the front 
of the apparatus. The car- 
bonic acid gas is admitted by 
valves, and there are also pro- 
vided steam coil, inlet and 
outlet valves, and juice valves. 

Saturation with sulphurous 
acid gas is conducted in 
similar saturators which are connected with 
the gas supply from the sulphur furnace. 

Filter Presses. The horizontal typo of 
filter press [ 14 ] now so largely used consists of a 
heavy cast-iron frame, supporting a number 
of square plates by means of projections on the 
sides of the 
plates. Tlie 
square plates 
are corrugated 
on the surface, 
and upon each 
plate is placed 
a filter cloth. A 
series of these 
plates is 
screwed tight 
together by 
means of lovers, 
and then the 
sugar- juice is 
pumped or 
forced through 
the press by 
means of a cen- 
tral conduit. The pressure sends the clear juice 
through the cloths, leaving the sediment on tho 
cloth in a cake. In another form of filter press 
now generally preferred, the juice enters at the 
corqM^I the filter plates. Other types of filters 
arojflfc:Taylor filter, the Danek filter, which 
'v^^enwR pressure, and the Claritas filter, which is 
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designed for filtration without pressure. Sand 
filters should also be mentioned, as tlioy are a 
cheap method of obtaining clear sugar juices. 

Special machines are made for washing llio 
filter cloths. These consist of a cylinder in 
which is a revolving shaft caiTying paddies. 

. Dupon devised a purification process for beet 
juice in which baryta replaces 
some of the lime,* but KnigiT 
regards baryta as a dangerous 
addition. 

Purification by £lec» 
tricity. Sev'cral electrical 
processes have been proposed, 
some in eonjumition with the 
use of ozone. Tho com bination 
of ozone and electrolysis is 
more powerful than eit her sepa- 
rately ; but there seems but 
little chance of the electrolytic 
treatment becoming profitable. 
In one i^lectrolytic process 
hydrosulphite is decomposed 
in tho juice, and in another 
method albuminate of barium 
is used before passing the syrup 
through electrolysing troughs. 

An aluminium process has 
been devised from which good 
cfTccts are obtained. It con- 
sists in adding aluminium 
powder to the jtiico and then 
ammonium sulphato. 

Crossfield and Stein’s pro- 
cess for tho purification of 
beet juice, in which peroxide 
of hydrogen is used, is referred to in the lesson 
dealing with sugar refining. 

Extraction of Sugar from Molasses. 
One of the moat important problems in the 
sugar industry is how best to recover the sugar 
which remains in the molasses obtained in the 

manufacture of 

crystalline 
sugar fromcane 
or beet. 

The earliest 
process was 
that of I)u- 
brunfaut, who 
submitted a di- 
lutee! molasses 
to the pro- 
cess of osmosis, 
with the idea of 
separating the 
salts that pre- 
vented the 
sugar from ory- 
stailising. This 
method was 
not profitable to work. Tho fact that sugar 
forms a compound with baryta, strontia, and 
lime has been taken advantage of in separating 
sugar from molasses. In Schribler and Segferth’s 
processes molasses was mixed with lime, and the 
saccharate of lime thus formed was separated by 
alcohol. Bodenbender and Manoury introduced 
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modifications of this process, but in all alcohol 
was required, and this is an objection, owing to 
the price or hscal difficulties. 

The Steffen Process. Steffen eliminated 
the use of alcohol. He discovered that lime 
forms with sugar three different saccharates — 
the monobasic saccharate, the hihasic saceharate, 
and the tribasic salt. The tribasic saccharate is 
with difficulty soluble in 200 parts of water, 
but is quite insoluble in water saturated with 
the tribasic salt itself. Wlum precipitated under 
certain well-defined conditions it is granular, 
and can be readily washed in the filter. The 
operations in the process arc: Forming the 
bibasic saccharate in the cold; boiling to 
form sugar and tribasic saccharate ; and filter- 
ing the tribasic salt. The process is worked 
as follows : Molasses is diluted with water 
until it has a density of 6'()° Beau me, 
equal to from 7 to 8 per cent, of 
sugar. Then, with constant agitation, 
small quantities of quicklime arc added, 
in the proportion of 1 of lime to 1 of 
sugar. After each addition of quicklime 
the temperature rises and is cooled to 
15° C. before adding furtlKjr portions of 
lime. The mixture is then filtered in a 
filter press and the clear filtrate heated 
for ten minutes at 100° 0. Tribasic 
saccharate is formed and is filtered out 
and washed with hot water to decom- 
pose it. The residual lime is precipi- 
tated by passing carbonic acid gas into 
the solution, and the sugar 
obtained by filtering and 
evaporating. It is usual, how- 
ever, to employ the tribasic 
saccharate instead of lime for 
treating raw juice. The other 
liquors are used for diluting 
further quantities of molasses 
and are eventually used as a 
fertiliser when they become 
laden with the mineral impuri- 
ties of the molasses. I'he Steffen process is 
equally applicable to the recovery of molasses 
ill refineries, the slight variation involved 
being in the treatment of the saccharate. The 
saccharate from the presses passes into the 
dissolving pans, where it is dissolved by means 
of sugar syi’up which has been saturated with 
carbonic* acid gas and heated to about 70° C. ; 
the sugar solution is then diluted with sweet 
waters so that it contains approximately 6 per 
cent, of sugar. After filtration the liquor is 
fully saturated with carbonic acid gas and 
treated as above. 

The Use of Strontia. Schoibler has 
since worked out on these lines a process in 
which strontia is used. Strontium saccharate 
is formed, separated by filtration, and washed 
with a 10 per cent, solution of strontia. The 
warm solution is then cooled^ strontia mono- 
basic saccharate and sugar being yielded by the 
decomposition of the bibasic salt formed when 
hot. The strontia solution is decomposed by 
carbonating, filtration, and evaporation. The 
strontium carbonate is calcined to form the 
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oxide, and this with water gives the hydratrd 
salt, which is used over again. . 

Beet Sugar Factory, The cost of ,i 
factory for manufacturing beet sugar may I p 
estimated at from £30,000 to £40,000, this sum 
providing the machinery for working 300 toi\s 
of beetroot a day. The factory building would 
take about a year to construct and fit, and would 
cost about £8,000. A working capital of about 
£40,000 is also required for paying for roots and 
current expenses. Mr. Stein has recently show ii 
a balance-sheet of beet sugar works in which u, 
gross profit of £17,500 is produced on a capital 
of £80,000 after allowing for depreciation, 8u( li 
a factory would purchase bcetrootnS from tlu' 
growers in the neighbourhood. In regard to 
the general arrangement of the factory the ground 
floor is usually taken up with the beet-washing 
apparatus, the diffusion battery, ccnlii- 
fugals, vacuum pumps, beet elevators, 
boiler-house, limekiln jind bone-black 
filttus. On the next floor arc the cai- 
bonatation apparatus, the triple effot, 
upper part of diffusion apparatus, beel 
elevator, and laboratory, while on tlu' 
upper floor are tlio vacuum pans, lloonw 
are provided for storing sugar a!ul 
packing purposes. 

The Waste Products of Sugar 
Factories. The bagasse of cane sugiir 
factories can be utilised as a fuel, for 
paper making, and as manure. Special 
furnaces arc required for burning bagasse. 

With a Grundel semi-gas fur- 
nace it has been found tliid 
when dry bagasse is used more 
steam is obtained for a similar 
grate surface, and if the draught 
bo properly controlled no 
economy of fuel is effoctod. 
Damp or a mixture of dam)) and 
dry bagasse can be burnt on 
emergency although there is of 
necessity a diminished produc- 
tion of steam. Dry cane leaves (trash) are only 
slightly inferior to bagasse as fuel. Bagasse wet 
from the mill is commonly regarded as being 
equivalent in fuel value to from onc-fiftli to 
one-sixth of its weight in coal. Bagasse has also 
been proposed as a food for cattle. 

Molasses is used as a fuel, for the manufacture 
of alcohol, and for feeding cattle. One method el 
using it as fuel is to sprinkle the molasses on the 
bagasse on its way to the furnace, or it can bi‘ 
sprayed on the burning bagasse. Animals take 
molasses fodder willingly and no bad effect has 
been observed, no purgative action has been 
noted, and the qiiantity of milk in the cow fed 
on molasses fodder is increased, though it docs 
not keep so well. Organic acids sixscially suited for 
mordanting wool have been made from vinasse. 

Dried diffimon ptUp from beet-sugar making 
should be dried before being used as a cattle 
food, otherwise it tends to bring on certain 
diseases. Beet tops are used for feeding cattle 
or left to rot in the field as manure. The 
waste liquors from beet sugar factories have also 
been used as a source of ammonia. 
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Sugar Candy. Sugar candy is used largely 
for priming beer and wine in addition to its well- 
known use as a sweetmeat. The syrup after being 
filtered bright is boiled in a vacuum pan until the 
requisite concentration is reached, the x)oint 
being technically known as boiling to “ thread ” 
or “ feather.” The candy pans or pots have 
holes drilled in the sides, and threads are stretched 
across the hole, being filled up on the outside 
by a mixture of beeswax and resin to keep 
the syrup from running through. The syrup 
is filled into the pots, which are then transferred 
to a store to cool gradually in from 9 to 12 days, 
l^ho rate of cooling influences the character and 
quantity of candy formed. The lower shelf 
or store cools the syrup the more rapidly, but 
the yield is inferior in quality. This is 8om<s 
times corrected by adding more water to the 
pots on the lowest tier. 

Caramel or Burnt Sugar. Caramel 
is the brown substance produced by the action 
of heat on sugar or glucose. It is used hi very 
largo quantities as a colouring for beverages, 
gravies, and sweetmeats. The processes of manu- 
facture are based on those of Asrymusry, who 
gave two recipes — one for the production of rum 
colouring, and the other for beer or vinegar. For 
rum cohurin^y take 3 kilos of caustic potash or 
soda and 6 kilos of water, or 4 kilos of carbonate 
of potash and soda and 8 kilos of water. Dis- 
solve with heat in a large iron pan, and add 
120 kilos of glucose or 130 kilos of syrupy 
glucose. Boil over the fire till irritating vapours 
begin to appear, then decrease the heat and stir 
continuously till the required shade is produced, 
and stop the process by adding 30 to 40 kilos 
of water in a fine jet. For beer or vinegar 
colouring^ 6 kilos of carbonate of ammonia, 
6 kilos of water, and 120 kilos of glucose are 
required, the met hod of making being the same as 
for rum Colouring. The addition of alkali has for 
its object the production of a darker and brownish 
shade, and renders soluble the small quantity of 
ulmic acid which is always formed towards 
the end of the cooking, thus enabling a solution 
to be made from the caramel which is not 
cloudy. 

Salmon and Goldie, who made a research 
on this subject in 1900, gave the following 
as a good recipe. The glucose used must 
be a well-prepared maize glucose. About 
5 cwt. of good white glucose is melted in 
an iron vessel. At a temperature of OS'" C., 
this takes about one hour, and when all the 
glucose is melted the temperature is raised to 
110° C., another 20 minutes being required. 
Then add 45 oz. of carbonate of ammonia and 
15 oz. of chloride of ammonia, and stir occasion- 
ally till the caramel is formed, some two hours’ 
boiling being needed. This change is very 
noticeable, not only on account of the increase 
in volume of the caramel to about double, but 
because of the evolution of greyish-yellow 
vapour, which is very pungent, staining the 
hands yellow. The temperature of coming on 
is a^>at 154° C. The heating is continued till 
the i^amel is so thick that it can only just 
be stirred. This takes about another hour. 


but the time varies. The heat is now turned off, 
and if solid caramel be required, it is thrown out 
on to iron plates, allowed to cool, and broken 
up with hammers. If fluid caramel is being 
made, sufficient water is added to produce the 
required density. Heat is applied and the 
caramel is then passed through ^fieves to remove 
any carbonaceous or extraneous matter, and 
subsequently stored in iron tanks. 

Some Modern Improvements. Since 
this method was published, the only other 
improvement of importance is that introduced 
in a patent taken out by Gonville and Jarvis in 
1904. These inventors melt glucose or other 
carbohydrate to a syrup, and run the syrup into 
another vessel, where it is mixed at the atmo- 
spheric pressure with ammonia in solution, or 
otherwise, without the application of heat. 
The mixture is then transferred to a third vessel, 
in which it is heated with agitation to a tempera- 
ture of about 220° F., at about which Uimperature 
and atmospheric pressure it is maintained until 
caramelisation is sufficient. 

Another branch of the investigation of Salmon 
and Goldie had reference to the addition of 
alkalies to the caramel at the lat^ist* stage of its 
manufacture. They found that the employment 
of a small quantity — say, half a pound — of sodium 
or potassium hydrate to 100 lb. of (;aramel 
distinctly improves the flavour, and that it 
plays an important part in kei^ping the colour 
dissolved in the beer in which it is employed. 

Analytical Data. Good caramel should 
conform to the following requirements : 

1. The intensity or colouring power of a cara- 
mel solution, measured in a Lovihond’s tinto- 
meter, using a 0*10 per cent, aqueous solution 
and a 52-serios yellow- tin ted glass, should show 
18 degrees on Lovibond’s scale. 

2. The average specific gravity of caramel 
fluid is 1-377. 

3. The average copper oxide reducing power, 
calculaU^d as dextrose, is about 33 '87 per cent, 
of the weight of the fluid caramel. 

4. The mineral matter should not exceed 
0*80 per cent, of the weight of the fluid caramel. 

5. The caramel should not be affected by proof 
spirit or weak acetic, tartaric, or citric acid 
solutions, and it should not cloud pale ale. 

Test for Caramel. A rough test given 
by Thorpe for ascertaining the presence of 
caramel in beer is to add tannic acid. If malt 
only be present, the colour is precipitated, but 
caramel colour is not altered. In wines, paralde- 
hyde is used as a test, the caramel being thrown 
out by that liquid as a brown precipitate sticking 
to the bottom of the vessel. 

Sweetmeat Caramel. Sweet caramel has 
no connection with true caramel, or burnt sugar, 
but is prepared by boiling down a solution of 
cane sugar and glucose syrup to the solidifying 
point, a hard, glassy mass being produced. 
About 10 per cent, of glucose is needed to 
prevent the cane sugar becoming opalescent 
and granular ; but in time, by absorbing moisture, 
the caramel becomes opaque. To prevent 
this as far as possible the squares are wrapped 
in paraffin paper. Vacuum pans yield a lightor- 
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coloured product than that made in open pans, 
but in either process the rule of boiling is, the 
quicker the better.” The mass is coloured and 
flavoured appropriately. 

Invert Sugar,, or Saccharum. Invert 
sugar is an important product in the brewing 
inaustry. It is used in beer to improve its 
quality and stability and as a substitute for 
part of the malt. Beers in which this malt 
adjunct is used are preferred by the public, on 
account of the lighter character and full flavour 
thus given to them. Invert sugar is preimred 
by heating a solution of cane sugar with dilute 
acid or yeast, which causes the constitution of the 
sugar to bo altered or inverted, a mixture of dex- 
trose or levuloso being produced. Invert sugar for 
brewing purposes should possess a full molasses- 
like flavour, and on this account jaggery is pre- 
ferred by saccharum makers. A good product 
can, however, be made from refined beet sugar. 

Garton and Parsons, in 1856 and 1859, took 
out patents for the inversion of cane sugar 
with small quantities of acid; and Herepath, 
in 1862, prepared invert sugar by adding 
3 oz. to 4 oz. of pure hydrochloric acid to 
each cwt. of dissolved sugar, maintaining the 
temperature at between 180° F. and 212° F. for 
one to three houm. The acid was then neutral- 
ised by alkalies, and the product was ready 
for use in the brewery. 

Wohl and Kollrepp’s Process. The 

technical defect in previous processes con- 
sisted in the fact that comparatively weak 
solutions of sugar had to be employ td, which 
necessitated subsequent concentration, with 
danger of deterioration. There was also a 
large quantity of acid to be neutralised. Wohl 
and Kollrepp found that 30 per cent, solutions 
of cane sugar could be easily inverted, their 
process being based on the following facts : 

1. The rapidity of the inversion of cane 
sugar in concentrated solution by dilute acids 
in 40 to 80 per cent, solution at 45° C, to 105° C. 
is far less dependent on the proportion of the 
quantity of acid to the quantity of sugar present 
than it is on the quantity of water. As 80 per 
cent, sugar solution contains only one-sixteenth 
as much waUT for an equal quantity of sugar 
as a 20 per cent, solution, the complete inversion 
of an 80 per cent, solution, if this action were 
independent of the excess of sugar, would only 
require one-sixtoonth as much acid in proportion 
to the sugar as a 20 per cent, solution, other 
conditions being equal. Owing to the retarding 
influence of the excess of sugar about one-twelfth 
of the quantity of acid required for a 20 per 
cent, solution is actually necessary. 

2. In the inversion of cane sugar with acids 
there takes place, along with the decomposition 
of the saccharose ana at a speed increasing 
with the concentration of the sugar solution, a 
re-formation of products of condensation of 
the dextrose and levulose, and of both ono with 
the other, which precedes and accompanies the 
decomposition and colouring, and the s^ieed of 
which increases more rapidly with the concen- 
tration of the acid than does the power of 


inversion of the latter. Each acid has a very 
low degree of concentration, at which, when 
heated for from about a half to one hour at 
80° C. to 95° G., it completely inverts a quantity 
of cane sugar that may amount to as much 
as about four times the quantity of diluh^ 
acid employed without decomposing or colour- 
ing the invert su^r formed. 

A Working Example of the Process. 
These investigators calculated out the quantity 
of acid and the time required for various con- 
centrated solutions of sugar, the following being 
a working process founded on the facts : 

Ono ton of finely ground white sugar i.s 
melted at about 95° C. with 2*4 hectolitres of 
water in a lieated and closed pan provided with 
agitating mechanism. After cutting off the 
steam 0 222 litres of pure 38 per cent, hydro- 
chloric a.;id, previously diluted with 10 litres of 
water, is stirred in, and the temperature main- 
tained at from 80° C. to 90° C. for about half an 
hour. The colourless invert sugar 83 rrup is 
diawn off, and is ready for immediate use. 

The vessel in which the inversion is to be 
cairitid out should preferably be of copper or 
iron lined with enamel, and have steam jacket, 
stirring gear, and means for introducing liv(‘ 
steam. About 560 gallons of boiling water is 
introduced into the inverter, and the tempera- 
tuix; maintained at 190° F. to 200° F. by nica:is 
of the steam jacket. Ono cwt. of sugar crystals 
is run in by means of a hopjKjr, and the mixer 
started. As soon aS the sugar is partially 
dissolved a second cwt. of sugar is added, and 
the jjrocess repeated until a ton of sugar has 
been dissolved. Next, 13. J lb. of a 10 }X>r cent, 
solution of hydrochloric acid is run in and 
mixed, stirring being continued over ono hour 
at a temperature of 190° F. to 200° F. N^) 
neutralisation of the product is necessary, owing 
to the trifling amount of acid in the tinishod 
invert. The invert produced is white or only 
faintly yellow, and is intensely sweet with a 
flavour like honey. When eold it is a viscous 
mass, and on standing for some weeks a magma 
of crystalline glucose separates. One ton of 
sugar crystals yields 2,357 lb. of invert sugar. 

Tompson’s Yeast Process. Any com- 
mercial saccharose is dissolved in water heated 
to 95° F. to 160° F. one i)art of yeast per 100 
of sugar being added and allowed to stand 
five hours. At the end of this time all the cane 
sugar is inverted. The most favourite strength of 
sugar solution is 20 per cent., and 130° F. is the 
best temperature to employ. The yeast is sepa- 
r.atcd by adding sulphate of lime and filtering. 
This process can be worked to great advantage 
with low grade raw sugars, but the product is 
not so well adapted for priming purposes. 

The invert sugar solution can be purified 
by charcoal filtration, as in refining sugar, ami 
concentrated in vacuum pans. ' 

Saccharum is found commercially in the 
fluid and solid forms ; the liquid form is crystal- 
lised by seeding it with small lumps of solid 
saccharum. With sugar at £15 a ton, saccharum 
can be made at about 12s. 8d. per cwt. 
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important place attained in this country 
* by the second function of banking (the 
receiving of money on deposit), although 
fostered indirectly by the legislation intended 
to restrict note issues [see below], is in the 
main due to the preference exhibited for it 
by the general trading and saving community. 
A reference has been made previously to the 
transference of capital from one locality to 
Huothcr, and in practice this is done through the 
branch receiving the deposits of an agricultural 
district remitting the surplus money hold by it to 
ill! office in some manufacturing centre, there to be 
lent out to traders requiring additional capital. 
If, however, after all such demands have been 
satisfied, an unexhausted surplus remains, an 
additional source of lending is brought into 
operation. All capital which cannot be pro- 
fitably employed in the country flows naturally, 
through the instrumentality of the banks, to 
London, and is there made the means of financing 
investors in the loans of our needier neighbours 
and of maintaining London as an exchange 
centre. 

The Employment of Money. As a 

natural consequence of issue or of deposit, the 
lending of money at interest follows, as other- 
Avise no profit would be made by the institutions 
concerned. 

The agency of banking in acting as a middle- 
man between borrower and lender has, in some 
measure, been encroached upon by the rise of 
joint-stock companies and the facilities given 
through them for direct investment. One 
most important section, however, remains un- 
affected — the employment of money deposited 
for a short time, pending a favourable oppor- 
tunity for investment. This is lent through the 
agency of the banks to the industries which, at 
the time, are most in need of temporary capital. 

Every banker in this country is, to a certain 
(*xtent, a dealer in arbitrage, in receiving for col- 
U*ction documents on other towns and granting 
drafts on these places, charging, of course, a 
commission for doing so. In the constant pre- 
paredness to do such business, he resembles the 
Paris dealers to whom reference has been made, 
and removes what would be, in the absence of such 
preparedness on his part and on the part of 
others, an irritating check to commerce — t.c., he 
saves the B's the necessi^ of seeking for and 
bargaining with the A’s. The functions of loan 
and remittance are combined in the discount 
of a bill payable in another locality. 

The function of the "safe custody of valuables, 
which requires no explanation, was in reality 
the precursor of that of deposit, the care of the 
client’s money following naturally the keeping 
of his securities. 


The Business of Banking. The business 
of banking is carried on by private partnerships, 
by ordinary joint-stock companies, and by com- 
panies having a certain amount of Governmental 
privilege and supervision (usually connected with 
the right of issue). The suiiorvision exorcised 
may reach the point of actual control of tlu^ 
bank's business by Government officials, the 
directors appointed by the shareholders occupy- 
ing but a secondary place. In addition, numerous 
instances will bo found of firms or companies 
who arc not considered bankers in the ordinary 
Rons€% but who are largely emgaged in certain 
banking business — say, bill discounting, foreign 
exchange, etc. The operations of any bank 
depend to a great extent on its clientele and on 
the locality in which it transacts business— a 
country banker, for instance, will not deal with 
shipping business. These operations are further 
referred to in the succeeding sections. 

Space does not admit of a detailed historical 
resume showing how the Bank of England 
(referred to hereafter as the Bank) came to Iw 
regarded as the focus and centre of the financial 
world of this country, but only permits of those 
incidents and enactments being touched upon 
which exercise a direct influence on the present- 
day position. 

The Establishment of the Bank. 

The Bank is the offspring of a political organi- 
sation. At the time of its establishment, the 
reigning monarch, William III, was none too 
securely seated on his throne. Notwithstanding 
his undoubted abilities, he had not ovei’corac 
the prejudices of the Tory party, but had, un- 
fortunately, seriously alienated the sympathies 
of the districts in which they predominated. He 
was dependent, to a very large extent, on the 
support of those trading centres whose merchants 
dreaded the possibility of the return to power 
of the Stuart Dynasty, and made it the first 
article of their political faith to support that 
which stood to prevent the occurrence of such 
a contingency. The merchants and citizens of 
I/jndon, the largest of all such centres, having still 
in mind a scandalous breach of trust perpetrated 
upon them by a Stuart king, were at once the 
most important and the most vehement section 
of the Whig party, and were the means of 
enabling it, in the ffivided state of the country, to 
maintain a front against the power of France. 

The Government, in consequence of the 
ceaseless war expenditure, were never free from 
financial embarrassment, and, therefore, when at 
a time of particular gloom a proposal was made 
for the establishment of a corporation to sub- 
scribe in the first place a new loan, they readily 
agreed to concede to it certain privileges and 
monopolies in banking. 
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These privileges were limited to a certain 
number of years, but this clause was rendered 
completely inoperative by the never-ending 
financial predicament of each succeeding Govern- 
ment, the Bank authorities, at each renewal of 
their charter, being able by some judicious 
assistance (coupled with that rendered during 
the period then elapsed) to retain each and ail, 
and oven at times to ad(l to their stringency. At 
no time, as a result of the continual struggle with 
France, was any Government able to bargain with 
the Bank authorities on even equal terms, the 
matter only being brought to a conclusion by the 
Act of 1844 — the arrangement that is at present 
in foiTC. 

The Bank’s Monopoly. The practice of 
banking at the close of the seventeenth centuiy 
was looked at very differently from the way in 
which it is now regarded. Dejiosit banking in its 
present form was non-existent, and it was deemed 
impossible to make banking profits w'ithout the 
right of issue, this dogma being so firmly held 
that, to all intents and purposes, banking and 
note issue w'cfe interchangeable terms. In 
consequence of this, when it was desired to give 
the Bank the sole right of corporate or joint-stock 
banking in England (aftcrw'ards restricted to the 
district within 65 miles of London) it was deemed 
sufficient to enact, to quote the w'ords of the 
Act of 1708; 

“ That during the continuance of the said cor- 
poration of the Governor and Gornpany of the 
Bank of England it shall not be lawful for any 
body politic or corporate whatsoever, created or 
to bo created (other than the said Governor and 
Company of the Bank of England) or for any 
other persons whatsoever, united or to be 
united in covenants or partnership, exceeding 
the number of six persons^ in that part of Great 
Britain called England, to borrow, owe, or take 
up any sum or sums of money on their bills or 
notes payable on demand, or at a less time than 
six months from the borrowing thereof.” 

Banker to the Government. In conse- 
quence of this privilege and the interpretation 
accorded tx> it by current opinion, the only rivals 
which the Bank encountered in its trading were 
the private banks of the? metropolis, and these, 
restricted in their number of partners to six, 
tacitly admitted their inferiority to a large 
corporafe body possessing the support and 
friendship of the Government, gave up in time, 
although under no obligation to do so, their own 
issues, and used the notes of the privileged insti- 
tution. Although not a State bank in the strict 
sense of the word, but only an ordinary trading 
company, it lield the privilege already touched 
upon, acted as banker to the Government, and 
was regarded by the private bankers as possessing 
a prestige greater than their own. With the rise 
of deposit banking, an additional w^eight w€ks 
riven by the circumstance that when it was 
discovered that joint-stock banks could transact 
a profitable business (without the issue of notes) 
\vithin the restricted area, the banks which then 
entered the field of operations did not dispute the 
place they found accorded to the Bank of Eng- 
land, but, oh the contrary (the preliminary 
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acrimonious disputes ori inating in the jealous 
anger of the Bank authoriti^ having been 
closed), gradually established with it the present 
friendly relations, and concluded hy making it the 
depository of their reserves. 

The Country's Final Reserve. Tlio 
Bank, originally established solely with a view if) 
transact corporate banking ana to lend some 
very acceptable assistance to Government, had 
already the care of the gi’cater portion of the 
paper currency of the country committed to its 
charge ; but this action on the part of the other 
joint-stock banks saddled it with the more onerous 
duty of conf-rolling and safeguarding the final 
reserve of this country, a tluty which, although 
never formally admitted by the Bank authorities, 
claims the closest attention of the Court ot 
Directors. 

Tlie Bank’s note issue can, however, have but 
little claim upon their time, the duties of the 
Bank in this connection having been laid down 
with great rigidness and exactness by the Act of 
1844, which, in effect, converts the Bank (for 
this purpose) into what is nothing more nor less 
than a machine. It will be quite sufficient, in 
consequence, to briefly recount the objects of tliis 
Act and the means taken in it to attain them. 

’^riio domain of finance is a particularly fasci- 
nating one for Parliamentary theorists, and, in 
consequence of the crises of 1707 and 1825, thert! 
existed, at the beginning of last century, a very 
considerable body of politicians deeply interested 
in this question. They were possessed by the 
firm conviction that the crises and their attendant 
evils were solely due to excessive issues by the 
country banks, who were held to have encouraged 
the most reckless speculation. Their £1 issues, 
circulating largely in the hands of a class 
at that time uneducated, and in consequence 
extremely liable to unreasoning panic (in the 
event of any suspicion arising as to the cir- 
culating medium), were singled out for special 
attack. 

Country Banks and Panic. The disease 
was considered too desperate for cure. The 
small notes were ^ot rid of, and the Act of 1844 
was passed to cripple, and in time destroy, the 
country circulation — a process that seems to b(i 
approaching completion. 

The following constitute the chief provisions 
of the Act of 1844 : 

1. The Bank of England was divided for the 
purposes of the Act into tw o departments, those 
of Issue and of Banking. ^Hio Banking Depart- 
ment (carrying on business in the ordinary 
manner), is not dealt with by the Act. 

2. The debt due by the Government to the 
Bank, and sufficient securities to make up a total 
of £14,000,000, were to be taken over by the 
Issue Department, and that department was 
authorised to hand to the Bapking Department 
notes equalling this sum. In addition, it was 
authorised to hand to the Banking Department 
notes in exchange for all Iffillion transferred, with 
the provision that the silver bullion held at any 
time by it was not to exceed one-fourth of the 
amount of gold bullion concurrently held by 
them. 
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3. Not^ the rate of £3 17s. 9d. per standard 
ounce were to be given by the Issue Department 
in exchange for gold bullion tendered to it. 

4. If for any reason some country issue lapsed, 
the Crown in Council was authorised to increase 
the issue of the Bank against securities to the 
extent of two-thirds of the lapsed issue. The 
reasoning on which this provision was foundt‘d 
was the supposition that against such issues an 
amount in bullion equalling a third of their sum 
would be held by the issuing banks as a reserve, 
and would, on the issues lapsing, be thrown into 
circulation, the net loss in currency being only 
two-thirds. The authorised issue against securi- 
ties is now £18,450,000. 

5. The weekly return, dealt with later, was 
ordered. 

Country Issues. Wc now give a list of 
the regulations with respect to country issues. 

1. Issuers restricted to those issuing on 
May 6th, 1844. 

2. Those then issuing allowed to continue, 
subject to certain conditions. 

3. All claiming right to issue to return a 
statement of their average issue for the 12 weeks 
ending April 27th, 1844, and this to form tlui 
maximum of their future issues. 

4. Penalties imposed in the event of this 
maximum being exceeded, or of failure to render 
weekly returns. 

5. The Bank of England authorised to com- 
pound with those wishing to cease issuing, at 
the rate of 1 per cent, per annum, all payments 
to terminate in 1866. 

6. Issues lost if issuer became bankrupt, or 
ceased to issue, or if bank with six or less 
partners increased the number to more than 
six. A countty joint-stock bank, issuing notes, 
establishing an office within 
65 miles of London (the 
National Provincial Bank is 
an example) does so at the cost 
of the loss of its issue, while if 
two joint-stoi*.k banks of issue 
unite, the resulting corporation 
can only retain the issue of one 
whose name it takes. 

7. A yearly licence of £30, 
payable for each place of issue 
— four licences to cover all 
branches open prior to 1844. 

8. Any company or cor- 
porate body allowed to carry 
on banking business within 
f)5 miles of London, provided 
no bills were drawn, accepted, or endorsed 
by it payable to bearer on demand. 

Position of the Bank in a Crisis. No 
note may be issued under £5. The Bank 
of England notes, which are legal tender in 
England (save when tendered by the Bank) 
are only payable at the office of issiie or in 
London — ^repayment of a note issued in Bir- 
mingham cannot be legally demanded at Liver- 
pool, but it is payable in gold on demand at 
Birmingham or London. 

Subsequent events speedily showed that, what- 
ever merit the Act could lay claim to, its 


automatic action could not prevent in the 
slightest degree those recurrent cu-iscs (ascribed 
formerly to excessive country issues) to regulate 
which was the primary intention of its framers. 
On three separate occasions (in 1847, 1857, and 
1866) the operation of the Act was suspended as 
the only means of combating the existing panic, 
and on each of these occasions a continuance 
of the ‘Act’s restrictions would have entailed the 
stoppage of the Bank. 

The approach of anything like a financial 
crisis at once makes an impression on the 
Bank’s reserve. Bankers all over the country 
are called upon to grant loans or to repay 
deposits (with a consequent withdrawal of 
their balances at the Bank). As the tightness 
increases, so do the demands on the Bank — the 
increased demand for settlement of debts in cash 
requring an enlargfid circulation of currency. 
17ie notes of the Bank of England possess so 
great a prestige that even in the severest panics 
this country has known they have been accepted 
by all as the equivalent of gold. An increase 
in this universally accepted credit money will, 
as in the past, speedily combat the effects of a 
panic, by enabling all solvent individuals to 
obtain the assistance they require ; but until the 
suspension of the Act makes it permissible for 
the Bank to issue without regard to bullion in 
its vaults, every note issued brings the auto- 
matic stoppage of the Bank nearer, and increases 
rather than diminishes the panic and failures. 

The Bank's Weekly Return. Before 
the operation of the Bank’s discount rate can 
be dealt with, some explanation of the weekly 
return required by the Act of 1844 is desirable. 
The following is a copy of that for the wetik 
ending February 7tli, 1906 : 


The practice of the Banking Department is to 
deliver to the Issue Department all bullion held 
by it, with the exception of about a million 
sterling (retained as till money), and to receive 
in return notes of an equal value. The real 
issue (t.6., the circulation in the hands of the 
public, in the above example) is therefore 
£28,233,720 (£50,406,050 less £22,171,330). As it 
is in the power of the Banking Department to 
demand from the Issue Department coin or bul- 
lion for the notes held by it, the available metal 
reserve of the Bank was accordingly £23,791,636 
(£22,171,330 plus £1,620,306). So long as the 
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An account pursuant to the Act 7 and 8 VIct., cap. 32 for the week ended on 
Wednesday, February 7th, lOOrt. 


Notes Issued 


J.S.SUE DEPARTMENT 
. . £50,405,050 (Jovernment Debt . . 

Otlicr Securities 
<iold, Coin and Bullion 

£50,405,050 

BANKING DEPARTMENT 


. £11,01.5,100 
7,434,900 
. 31,955,050 

£50,405,050 


Governinent Securities . . £12,584,807 
Other Securities . . .. 33,311,131 

(а) Notes 22,171,330 

(б) Gold and Silver Coin .. 1,620,300 


Proprietors’ Capital . . £14,553,000 

Rest 3,581,456 

(r) Public Deposits*. . . . 9,638,276 

(d) Other Depodts .. .. 41,794,989 

(e) Seven 1 )ay and other Bills 119,913 

£69,687,634 £09,687,6I>4 

* IneludiiiK E.Kchequer, Savings Banks, Coniinissioners of National D.d>r, and 
Dividend Acc4)Uiit. 

February 8t!i. J. G. N.4IRNK, C/ii>/ Cashier. 
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Act remains in operation, the Bank cannot 
allow the total bullion in its hands to fall below 
the amount of the real circulation less the 
issuo authorised against securities — ^the amount 
of bullion in the case given being represented by 
the iigure £9,783,720 (the real circulation being 
£28,233,720, and the authorised issue £18,450,000). 
Once the bullion in the vault reaches this point 
the Bank ceases to do business, no matter how 
greatly its assets exceed its liabilities, or how 
readily its notes are accepted, unless the opera- 
tion of the Act is suspenaod. 

The item of £14,553,000 is the capital of the 
shareholders, while that for £3,581,456 is the 
rest or reserve fund of undivided profits (which 
latter is in practice not allowed to drop below 
£3,000,000). The liabilities of the Bank to the 
Government and public are composed of the 
remaining three items, in this instance amounting 
to £51,553,178. 

The BanK*a Reserve. The last item of 
these three is a small one, consisting entirely of 
outstanding drafts, and is easily provided for, 
while, except in time of war, the public deposit s 
occasion, or sliould occasion, no trouble to the 
Bank autliorities. The periods of collection and 
expenditure are regular, and the reserve to be 
kept against them is easily ascertained, while 
it IS safe to assumo that the Government will 
not be forced to withdraw its deposits in time 
of peace to satisfy its creditors. The variations 
of the remaining item are not so regular, and 
one section in particular, the bankers* balances, 
is very liable to sudden withdrawals. 

The Bank’s directors have weekly to decide 
if, in their opinion, and in view of every circum- 
stance, the reserve comprised of items a and h 
is a sufficient one to be kept against c, d, 
and c. The proportion deemed to be safe is 
not a constant one, and, indeed, it may happen, 
through an unexpected financial movement, that 
the reserve formerly considered inadequate may 
be looked upon as too large, altliougli it has 
remained stationary, and the Bank’s liabilities 
have at the same time largely inertuwed. 

The factors which may qualify so largely the 
relative amounts are the state of internal trade 
and of international exchange, while the lever 
with which the Bank endeavours to keep its 
reserve at the desired proportion is its Minimum 
Discount Rate. 

Influence of the Markets. But the 

Bank finds its task to-day by no means so 
easy of accomplishment as in the past. Then 
it dominated the discount market of London 
(at that time without a serious rival or com- 
petitor), any chan<?e in its rate liaving* an 
immediate effect. To-day the position is greatly 
altered. The markets and exchanges of the Con- 
tinent and America must now be reckoned with ; 
the conditions of exchange, in consequence of the 
changed circumstances of commerce, are much 
more complex; it is surrounded by discount 
institutions with which it does not in ordinary 
times compete, whose business in some oases ex- 
ceeds its O'wn, and whose interests may run con- 
trary to its proposed action ; the demand for gold 
has enormously increased ; and, while some other 
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markets absorb greedily all metal that flows in 
their direction, they are by no means so willing 
to part with it in turn. In consequence the 
Bai^ may sometimes be compelled to supplement 
an alteration in its rate by entering the open 
market and taking measures to see that the rates 
obtaining there approximate to its own. 

Long and Short Exchange • It is evident 
that a bill payable 90 days after sight is not so 
valuable as one which is payable on demand, 
the difference equalling tlie discount wliich the 
holder of the former bill would require to pay if 
he desired to realise the draft. Tl\e BVench 
merchant in Paris in buying a bill on London 
takes this, of courae, into consideration, and, 
as he is only entitled to take credit when 
remitting to London a bill at 90 days (instead of 
one at sight) for the amount hi.s London corre- 
spondent will receive on discounting the docu- 
ment, he will require an allowance from his 
fellow Parisian which will balance matters. The 
cash value of a bill for £l payable in London in 
73 days, if discount is at 5 per cent., is and, 
if the French sight exchange is at 25.25, its cash 
value in francs in Paris is 25.25 = 

24 90.}-. In the same manner a London merchant 
purchasing a bill on Paris payable in 73 days 
will require, assuming sight rate at 25.25 and 
discount in Paris at 5 per (.‘cnt., to receive, 
expressed in the fa(‘e value of the bill, ^J\yths 
of 25.25 francs (or 25. 50.^ francs) for each 
£1 in cash. 

A change in the I.»ondon discount rate entails 
a corresponding variation in the long foreign 
exchanges, which does not extend to the sight 
exchanges. An increase to 6 per cent, would, 
if the sight rate continued to be quoted at 25.25, 
alter the cash value of the bill for £1 at 73 days 
on London to 24.94 francs, while a fall to 
4 per cent, would result in a quotation of 25.04jt 
francs. A rise in interest in London allows bills 
drawn on it at a usance to be purchased for a 
less amount in foreign currency, and renders 
unprofitable the resale of bills already held. 
Tlio rates given are quite arbitrary, and in 
actual practice stamps and other factors enter 
into account. 

The Effect of Bank Rate on Mar- 
ket Rate. The interest allowed by bankers 
and bill brokers in this country on deposits 
lodged with them varies witli the Bank’s dis- 
count rate. Any rise or fall in the Bank’s rate 
is reflected in the deposit rate and consequently 
in the discount rate of the open market, com- 
petition tending to keep the margin of profit 
between these two rates uniform. A rise in 
the Bank’s discount rate (implying a rise in 
interest rates all over the country) is, however, 
regarded by the trading community as a most 
disagreeable check on industry and production, 
only justified by the existence of some dangerous 
tendency, which cannot be defeated save by 
means of such an agency. 

One striking difference between the prac- 
tice of banking on the Continent and in this 
country is the prevalence of foreign exchange 
business there compared with the absence 
of it here. This statement seems, at first 
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sight, to be ridiculous, but what is meant 
is that, while a Manchester banker will not 
hold a bill on Paris in his bill case, but 
will forward it at once to London for collec- 
tion or sale, a Paris banker will retain a 
Manchester bill until maturity should it be worth 
his while to do so. Again, the British manu- 
facturer or merchant has no wish, as a rule, 
to indulge in the speculation of exchange. All 
his calculations are based in sterling money; 
ho knows exactly what he requires to receive 
or pay in this currency to make his usual profit, 
and, if the foreigner will remit to or draw upon 
him a bill in English sterling money, he will 
cheerfully leave to him any pickings or plefvsur- 
able excitement ho may obtain from the fluctua- 
tions in exchange. As a result an enormous 
number of bills are drawn on the Continent upon 
this country, and these form a favourite source 
of investment among Continental bankers. 

Effect of the BanK*s Discount 
Rate. The rate at which they are discounted 
is the London one, and, should the foreign rate 
of discount rise above this, it will be to the ad- 
vantage of the Continental banker to sell or 
discount his London paper and invest his money 
at home. If this is done to any great extent 
the exchange will be forced down, and may in 
time approach the gold point unfavourable 
to this country. On the other hand, by raising 
the rate in this country this danger is averted, 
and if the excess over the Continental rate is 
sufficiently great it will in time induce a flow of 
gold to this country through the lock-up of 
paper drawn at a currency. 

The Bank’s directors, therefore, when the 
reserve is low, the foreign exchanges unfavour- 
able, or the outlook unpromising, prevent by their 
influence over the money market of this country 
the export of gold, or even induce its import ; 
while, if the reserve be high, the exchanges 
favourable and the outlook settled, they will, 
by the reduction of their rate, assist industry 
and commerce throughout the country. 

Private and Joint-stocR Banks. The 
other banks divide themselves naturally into 
two distinct classes — the private and the joint- 
stock banks. The former were at one time a 
very numerous body, no locality being without 
its bank, the partners of which were recruited 
from local families, but of the vast majority 
no trace is left save a string of names (as an 
alternative title) on the stationery of the branch 
of the absorbing joint-stock bank. In not a few 
instances one family established themselves as 
bankers in various localities, the style under 
which the business was carried on varying accord- 
ing to the nomenclature of the local partners. 


Tlio l4ondon bankers enjoyed a higher stand- 
ing than their provincial comi)cers, but oven of 
them only a few now remain. The present day 
tfmdency is in tlio direction of large joint-stock 
companies possessing numerous branches, some 
in the agricultural districts, and others in the 
manufacturing or trading centres, cacli institu- 
tion being in this way independent of any 
outside agencies for deposit or loan business, 
the total number of bank offices in this country 
at the (Oof'o of 1905 being 7,39^1. No super- 
vision or control is exere.isod by tho Bank 
of England over its business compet.itors, 
although its notes are used by them, and it is 
made tho depository of their reserves. This, 
however, does not free the Bank from being 
called upon to assist all and sundry in time 
of panic. 

Branch Banks. A number of branches 
spread over a largo tract of country gives to 
any bank an increased security — a crisis in 
any particular part., which would, perhaps, 
bring about the suspension of a punfly local 
bank, being mot by means of tho assistance 
of branches situated in districts unaffected by 
the movement. Tho agency of London bill 
brokers in the employment of tho surplus 
deposits of a bank in an agricultural district 
in the re-discount of bills held by a bank doing 
business in a manufacturing county is dispensed 
with by tho amalgamation of tho two institu- 
tions. The balance between any particular 
branch and all the other branches (if the amount 
is due by it) shows the excess of its loans and 
cash balance over deposits — t.e., tho excess of 
assets possessed by the bank at that office. 
A deposit branch will, on the other hand, bo 
a creditor of tho other offices. Tlio nature of 
tho local business transactions have a groat 
effect on tho items composing the running 
account between any branch and tho other 
offices. 

The banks in the manufacturing town referred 
to in the last article will, if the foreign mer- 
chants pay in bills on London, receive and 
remit these for their credit in London. In this 
way they provide funds to enable tho London 
office or correspondent to moot tho cheques on 
tho manufacturing town, issued by the manu- 
faeturei's in payment of raw material, which 
cheques will bo presented through the Clearing- 
House by tho agents of tho bankers of tho raw 
material suppliers. Again, if in tho receipts of 
any office thero is contained a greater or lesser 
amount of cash than it can pay away in tho 
ordinary course of business, tho cash balance 
will bo adjusted by periodical remittances to 
or from another office. 


Continued 
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By Dr. A. J. HERBERTSON. M.A., and F. D. HERBERTSON, B.A. 


THE UNITED STATES 

New England. New England consists of 
the states of Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island, and Connecticut. 
All belong to the highland region, find rise 
from a narrow coastal plain to rugged forested 
highlands, which make lumbering and the allied 
industries important, especially in Maine. The 
rivers form falls where they leave the highlands. 
Along this fall line, at no great distance from 
the sea, are many manufacturing towns, using 
cheap water and electric power. Boots, shoes, 
and textiles are manufactured in the Massa- 
chusetts towns ; cheap clocks and other Bir- 
mingham wares in Connecticut ; jewellery in 
Rhode Island ; and boots and shoes in New 
Hampshire. Fisheries in the coastal waters and 
on the Newfoundland Banks are important, 
and much fish is canned or dried for export. 
Boston (Massachusetts) and Portland (Maine) are 
the busiest ports and commercial centres. 
Important universities have been founded. 
Harvard (Cambridge, near Boston) and Yale 
(New Haven, Connecticut). 

Resources of the Mid-Atlantic States. 
New York, Pennsylvania, and Maryland lie 
partly on the Appalachian plateau and partly 
on the coastal plain, the breadth of which rapidly 
increases to the south. New Jersey, Delaware, and 
the district of Columbia, the territory containing 
the Federal capital of Washington, arc on the 
plain. The Appalachian heights are lowest in the 
north, whore the Hudson and Mohawk valleys, 
the latter followed by the Erie Canal, make com- 
munication across them easy. The Delaware and 
Potomac make important routes further south, 
where the height and ruggedness increase. 

The forests of the Appalachians supply valuable 
timber. The Pennsylvania highlands contain 
immense deposits of coal, iron, and petroleum, 
making this a wealthy industrial region, with 
many fiourishing towns, of which the greatest is 
Pittsburg, on the Ohio. Many manufacturing 
towns— ^sttch as Trenton, in Now Jersey — ^have 
grown up at points where the rivers form falls 
on leaving the highlands. Lumbering, farming, 
and dairying are all important, and the fisheries 
off the coast are of considerable value. Chestv- 
peake Bay has large oyster fisheries, and Balti- 
more exports both fresh and odhhed oysters. The 
whole region is very prosperous, and only a few of 
the ixuium^able flourishing towns can be named. 

New York, the largest port and oommercial 
and manufacturing centre, has more than half 
lixe population of London. It is built on the 
shores of the Hudson and on islands at its 
mouth. Among its natural advantages are a 
magnifleent harbour on the Atlantic, and easy 
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communication with the Bt. LawTonce, the 
Great Lako.s, and the west, by the Hudson 
and Mohawk valleys. It is the outlet for the 
whole country oast of the Rockies. Built on 
a relatively limited space, and with an enor- 
mous population crowded into a small business 
quarter, it expands upAvard.s by erecting enor- 
mous buildings, or skyscrapers, twenty or thirty 
storeys high, one building containing the popula- 
tion of a small town. It is a fine city, with 
broad streets and beautiful parks. 

Some Flourishing Cities. The beautiful 
sttenery of the Hudson valley has earned it the 
name of the American Rhine. Albany, the 
capital of New York State, is built at the 
head of tidal navigation. The Mohawk valley 
and Erie Canal lead to Buffalo, on Lake 
Erie, which utilises the power supplied by 
Niagara for its flour mills, distilleries, breweries 
and machine shops. Troy, near Albany, manu- 
factures shirts. Pittsburg, already mentioned, ha.s 
oil wells and refineries, as well as the largest steel 
works in the United States. It was the old Fort 
Duquesne, and commands many routes to the 
west, and the important loute east across the 
Appalachians by the Potomac. The outlet of 
Pennsylvania is the port of Philadelphia, which 
manufactures locomotives, vessels, and machinery 
generally. In New tlerscy is Trenton, famous 
for pott(5ry, and Jersey City, in reality a suburb 
of New York. In Ma^land, Baltimore competes 
w'ith New York and Boston in shipping prairie 
wheat, which is brought across the Appalachians 
by the Potomac Gap. Its commerce also includes 
many products of the southern states and its own 
manufactures. Washington, the Federal capital, 
the City of Magnificent Distances, is finely 
planned on modern lilies, with many parks, 
broad avenues, and national monuments. The 
Capitol is the meeting-place of Congress, and the 
Wliite House, the residence of the President, who 
holds office for four years. 

The Southern Atlantic and Gulf 
States. Virginia, North Carolina, Tennessee, 
Alabama, and Georgia, belong partly to the 
Appalachian region, wliich is here very high, 
rugged and difficult to penetrate. The forests 
of the mountains and of a strip of land near the 
coast are extremely valuable, and timber and 
tiirpentine are valuable exports. All the coastal 
states — Virginia, .North and South Carolina, 
Georgia, Alabama, Mississippi, Louisiana — ^havo 
hot, moist coastal swamps, in which many 
valuable crops are grown, chiefly by negro labour. 
The summers are extremely hot, and the winters 
warm. Texas, Mississippi, the Carolinas and 
Georgia lead in cotton, l^uisiana in sugar — also 
cultivated in Florida and Georgia — and in rice. 
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also raised in the Carolinas and Georgia. Much 
of Texas is too dry for agriculture but forms 
good grazing country. The stock from Texas 
and from the adjacent Oklahoma and Indian 
Territory, is slaughtered or sent east. Goal' 
is widely distributed in Alabama, Tennessee, 
Indian Territory, Arkansas and Texas, iron in 
the first two states, and petroleum in Texas. 
Steel is manufactured at Birmingham, in Ala- 
bama. The cotton manufacture is develoiiing 
rapidly, especially where water power is avail- 
able, as at Atlanta and Augusta, in Georgia. 

iliehmond, in Virginia, at the head of tidal 
w'ater on the James River, manufacture.^ cotton 
and tobacco. The Atlantic ports, Norfolk, 
Wilmington, Charleston, Savannah, and the 
Gulf ports, Pensacola, Mobile, New Orleans, 
Galveston, and Houston export cotton. The 
Atlantic ports also ship lumber and turpentine. 

The Prairie States. West of the 
Appalachians are the prairie states of Michigan, 
Wisconsin, Minnesota, North and South 
Dakota, Ohio, West Virginia, Kentucky, Indiana, 
Illinois, Missouri, Iowa, Kansas, and Nebraska. 
The north-eastern portion of this area is 
within the forest belt. Parts of West Virginia 
and Kentucky are in the foro.sted x\ppalachian 
region, but west of these the Black Hills of South 
Dakota are the only considerable elevations. 

Those prairie states are the great food- producing 
regions of the United States. In the eastern 
prairies wheat is grown in the north, and maize, 
locally used to fatten hogs, in the south. Stock 
is kept on the drier ranches of the w'est. Flour- 
milling, brewing and distilling, are important 
in the large towns of the farming regions, and 
the slaughtering of cattle, the canning and 
preserving of meat, and the preparation of hides 
and leather, are important industries in the large 
towns nearer the ranching districts. The states 
round the Great Lakes are densely forested, and 
the lumber industry in all its fonns is important. 
Tl\o mineral w'calth is great. Much iron is 
mined round the western end of Lake Superior, 
and copi^er is abundant near the south shore in 
Michigan. Coal is widely distributed, and }>etro- 
leum and natural gas abound in Ohio and Indiana. 
Gold is obtained in considerable quantities 
in the Black Hills of Dakota. IVIany industries 
are growing rapidly, the principal, in addition to 
those connects with food-stuffs, being the 
manufacture of railway plant, for which both 
iron and timber are easily obtained. Shipbuild- 
ing is important at many of the lake ports. Add 
to this the very great facilities for movement 
in all directions across the level prairies, and the 
admirable water communication by lakes and 
rivers, and the actual and potential riches of 
these states become evident. 

Cities of the Prairie States. The 

eajpital of the prairies is Chicago, on Lake 
Michigan, built on the site of an old fort from 
which there was an easy portage to the Illinois 
tributaiy of the Mississippi. This is now 
followed by a canal, which permits through water 
communicatiem between the Gulf of St. I^wrence 
and the Gulf of Mexico. Chicago is. one of the 
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greatest railway centres in the world, and the 
half-way house at which the producte of east 
and west are exchanged. It has impoHant 
manufactures of iron and finished lumber, but 
its characteristic industry is the slaughtering 
and preserving of the cattle and hogs fattened 
further west. Other important meat centres 
are Kansas City, Omaha, and Indianapolis. 
Cincinnati, onco nicknamed Porkopolis, no 
longer deserves the name. Population has moved 
west, and Cincinnati, formerly on the western 
margin of the settled area, is now too far east to 
be a meat market of the first rank. Its situa- 
tion makes it an important commercial and 
transport centre. The loading state in lumbt^r 
is Wisconsin. Minnesota takes the lead in 
flour-milling. The greatest flour-milling town is 
Minneapolis, at the Falls of St. Anthony, which 
supply the necessary power. It is practically 
continuous with St. Paul, the head of unbroken 
navigation on the Mississippi. Duluth and the 
lake ports ship much wheat. Brewing and 
distilling are important at Milwaukee, on Lake 
Michigan, at Louisville (Kentucky) — famous also 
for its tobacco market — built where rapids inter- 
rupt the navigation of the Ohio, and at many 
other advantageously situated towns. Cleve- 
land (Ohio) has large ironworks, and is the port 
from which much Lake Superior iron ore is 
sent to Pittsburg. Of route towns note the 
importance of St. Louis, at the confluence of 
the Missouri and Mississippi, where many routes 
by land and water converge. These are but a 
few of the conspicuously prosperous cities in a 
region which little more than half a century 
ago was almost untrodden by white men. 

The Mountain States. Little need be 
said of the mountain states of Montana, Idaho, 
Wyoming, Nevada, Utah, Colorado, Arizona, and 
New Mexico. They are large, infertile, and 
thinly populated. Lying in the lee of lofty 
mountains, their climate is very dry. Most of 
the drainage is to the Pacific or the Gulf of Mexico, 
but in Utah and Nevada there is a great area 
of inland drainage, the Great Basin. Tlie little 
rain that falls evaporates very quickly, and the 
rivers flow to lakes wiioso level is nothigh enough 
to allow an outlet to the sea. Soum-westem 
Arizona and Eastern California form the Ameri- 
can desert. The natural resources are much less 
valuable than in the prairie states. The moun- 
tains contain great mineral wealth, including 
gold and silver ; but mining alone never leads to 
the permanent development of a region. Unless 
other sources of wealth are there, prosperity 
vanishes when the richer mines are worked out. 
These states have few such permanent resources. 
Ranching is successful in the eastern ports of 
Montana, Wyoming, and Colorado, but the 
risk of losing stock through want of water 
makes it more precarious than in the prairie 
states. Agriculture is possible with irrigation. 
In the future great engineering works for irriga- 
tion will doubtless be underteken. Salt L^e 
City, in Utah, illustrates the prosperity which 
results from successful irrigation; and this 
prosperity is spreading to the irrigated regions 
at the eastern base of the Rockies. 
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Towns are not yot numerous. Denver (Colo- 
rado) has smelting works and other industries. 
Cheyenne (Wyoming) is the centre of the ranch- 
ing country, and an important railway centre. 
Natural beauty and bracing air are assets which 
will become valuable. Colorado Springs is already 
a frequented health resort. 

The Pacific States. Tlie Paciftc states, 
Washington, Oregon, and California are wooded 
in the west but arid in the east. Lumbering is 
important. Much of the timber used in the 
woodless districts of China comes from Puget 
Sound. Much wheat is grown in the fertile 
valleys between the coastal ranges, and the 
mountains further east. The valley of Southern 
(Jalifornia, with the climate of Italy, produces 
all fruits in perfection, and manufactures wine. 
The salmon fishery is important in many rivers. 

The chief town 
is San Francisco, 
with a fine har- 
bour of great 
natural beauty 
and railway com- 
munication w'ith 
all parts of the 
continent. It is 
the New York of 
the Pacific, and 
the starting- 
point of the 
trans -Pacific 
lines. Seattle and 
Tacoma (both in 
Washington) 
and Portland 
(Oregon) are im- 
portant ports 
further north and 
terminal stations 
of transcontinental lines. Of inland towns the 
most important is Sacramento, in the Cali- 
fornian valley. 

Alaska. Alaska is on the margin of tundra 
and forest, and belongs to both regions. Gold 
is abundant in the sands of the Yukon and its 
tributaries and on the seashore near Nome. 
St. Michaels is the port of the Yukon. From 
Dyea the railway is carried to the upper Yukon, 
in Canada. 

MEXICO 

South of the United States lies Mexico, a 
federal republic of many states and territories, 
under an elective president. 

Mexico is a continuation of the southern 
United States, which it resembles. It lies 
between the Atlantic and Pacific Oceans, and 
includes the southern part of the Californian 
peninsula in the north-west, and the low pen- 
insula of Yucatan in the south-east. 

Mountains and Rivers. The two oceans 
are bordered by mountain ranges, between 
which is enclosed the plateau of Central Mexico, 
a continuation of the Colorado plateau. This 
plateau rises in height from about 3,000 ft. in 
the north, to 8,000 ft. in the Anahuao plateau, 
on which is the capital, Mexico City, in the south. 


Many ranges cross the plateau, and in the extreme 
south is a lofty chain of volcanoes, active, 
dormant, and extinct. Orizaba (18,500 ft.) is 
one of the highest points of the continent. 

South of the Rio Grande, which forms the 
Texan frontier, the rivers are impetuous moun- 
tain torrents, or flow in deep, rocky gorges, or 
barrancas^ which may be 1,000 ft. deep. These 
barrancas are often dry, except after rains, but 
they make communication across the plateau 
difficult. 

The Pacific coastal plain is narrow. Tiio 
Atlantic coastal plain is about 60 miles broad and 
fringed with lagoons. Mexico has very few good 
natural harbours in a coast-line of 6,000 miles. 

Climate. Three zones of climate are dis- 
tinguished by the Mexicans. Up to 3,000 ft. is 
the tierm extUmte^ or hot belt, with a tropical 

climate ; from 
3,000 to 9,000 ft. 
the iitrra tern- 
plada, or tern 
perate belt ; and 
above 9,000 ft. 
the tierm fria^ or 
cold belt. Within 
those belts there 
is naturally con- 
siderable varia- 
tion, according to 
elevation. 

N orthern 
Mexico and the 
Californian pen- 
insula resemble 
the adjoining 
arid regions of 
the United 
States, and only 
the mountains 
receive rain. There is a desert area in the lee of 
the western Sierra Madre. Elsewhere, there is 
more or less rain during the summer wet season, 
but the dry season is rainless. 

The tierra caliente is covered with tropical 
forest, producing palms, rubber, and the valuable 
rosewood and mahogany. In the tierra tem^ 
plada the plateau is treeless, but the mountain 
slopes are forested with evergreen oaks and, 
higher, with the usual temperate forest trees. 
In the drier regions the vegetation is of the 
desert type. Giant cacti are common, and 
the agave, or American aloe, from which a 
highly intoxicating drink and a most useful 
fibre are obtained, is very abundant. 

One of the most forbidding varieties of cactus 
grows to from 5 to 15 ft. high, the whipstock 
arms being without branch or joint but covered 
close with heavy, recurved thorns, like tigers’ 
claws. Then there is the tree yucca, big of 
trunk and branched like an oak, and bearing 
on the end of each arm a bunch of bayonet - 
shaped leaves, the dead stems of which form the 
bark, and so dry that when lighted the whole 
flames up. Or, again, there is the pita haya, 
mightiest of cacti, which, as single stems or 
branches, look like green telegraph poles or 
giant candelabra. 
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Mexican Scenery. With its combination 
of forest and desert, plateau, mountain ^d 
barranca, the scenery oi Mexico is very varied. 
A traveller in the ncMrth-westem Sierra Madre 
writes : “ One may traverse a group of high, 
dome-topped hills, beautifully studded with 
dwarf pines or mountain oak, and clothed with 
long grass, the home of the antelope and the 
turkey, and in another mile these may be sud- 
denly cut off by some huge chasm, surrounded 
by towering crags and steep, water-worn gullies. 
Then may follow a glimpse of the main ridge, 
crowned with its pine and cypress forests, and 
perhaps streaked with snow. At high altitudes, 
throughout this range, occur the charming level 
plots called llanos, and knomi in the Rockies 
as parks. These are fiecjuently seen at a parting 
of the waters, where an infant stream creeps 
through the deep, alluvial soil, and nourishes the 
meadow-like expanse suiToimding it. Oroups of 
stately trees are dotted over those tracts. 
Within an hour or two of mule riding all this 
may have given place to a series of precipitous 
iieights, wild, ragged, and nearly^ bare, except 
of cactus and mosquito." 

Agriculture and Minerals. With water, 
the soil of Mexico is fertile, and where irriga- 
tion is possible, two crops a year can be 
grown. The agricultural methods, as might be 
expected in a tropical country, where four-fifths 
of the people are wholly or partly of Indian 
blood, are verv primitive. In recent years, 
much attention has been given to bettor methods 
on the larger farms or haciendas. In the coastal 
belt it is almost impossible for white men to do 
heavy work. Coffee is the most profitable of 
the crops of the tierra caliente, which also produces 
sugar, cacao, cotton, and vanilla. The dry 
climate of Yucatan suits fibre plants, the most 
valuable of which is henequen, or sisal hemp. 
On the plateau, wheat is gro\^Ti wherever irriga- 
tion is possible ; the vine does well in many 
districts, and maize and tobacco are cultivated 
in the Anahuac plateau. An immense variety 
of fruits, tropical and temperate, come to 
perfection. Mexico is enormously rich in 
minerals. Its 1,300 silver mines turn out many 
milHons pounds’ worth of silver annually. Gold 
is also worked, as well as iron, copper, and tin. 
There are deposits of coal and petroleum, but, 
owing to their situation, it is doubtful whether 
they can be profitably worked, and many loco- 
motives have to use wood fuel. 

Bconomic Conditions. There are some 
manufactures, including textiles, pottery, straw 
hate, etc., but the great resources of Mexico will 

E ibly always be agriculture and mining. 
50 has several natm^al disadvantages. The 
r watered and more thickly peopled 
SOnthem plateau lies 8,000 ft. above the sea, 
.‘^emnmunioation with which is therefore difficult 
and costly. Till 1873, when the line from 
.Ateadco to Vera Cruz was opened, there was no 
from the coast to the plateau. Mexico is 
cjjttolr connected by several routes with the lines 
iite United States, but even on the plateau the 
%tim€»roiis mountains and barrancas m&e tlm oon« 
Atnic^n of railways di£9imlt and costly. There 


are no navi|pttWb dTum egoeptr hi the Atlantic 
coastal plate» WMbh Is tessoitabla lev white settle- 
ment. These causes, and Hhe preponderance 
of Indian over Burc^an blood, made Mexico 
develop more slowly than its great neighbour* 

Towns. Mexico City, &ely situated in a 
plain 8,000 ft. above the sea, dominated by the 
great volcanoes of Popocatepetl andixtacoihuatl, 
carries on various manufactures. The ports 
on the Atlantic are Tampico and Vera Cruz, 
and on the Pacific the Acapulco, one of the 
finest harbours in the world, and Mazatlan, all 
connected with the plateau by rail. A railway 
crosses the Isthmus at Tehuantepec. 

CENTRA!. AMERICA 

Central America is united to North America 
by the Isthmus of Tehuantepec (130 miles broad, 
.390 ft. high), and to South America by the 
Isthmus of Panama (31 miles broad and 286 ft. 
high). Its length of 1,200 miles is occupied by 
the southern pfirt of Mexico, British Honduras 
(7,.600 sq. miles), and the republics of Guate- 
mala (42, .500 sq. miles), Salvador (8,000 sq. miles), 
Honduras (40,000 sq. miles), Nicaragua (48,000 
sq. miles), Costa Rica (21,000 sq. miles), and 
Panama, all with few white inhabitants. 

Climate and Products. Ontral America 
is mountainous and volcanic, with one important 
depression,' occupied by Fonseca Bay, Lakes 
Managua and Nicaragua, and the San Juan 
river. Here it has been proposed to unite 
the Pacific . and Atlantic oceans by cutting 
a canal. Among the difficulties attending the 
enterprise is the existence of an active volcano 
on an island in Lake Nicaragua. The coastal 
p^lains are narrow, forested, and often swampy. 
The same zones of climate and vegetation — ^tierra 
caliente, tierra templada, and tierra fria— ore 
found as in Mexico. The rainfall is everywhere 
heavy. The forests of the tierra caliente supply 
rubber, mahogany, logwood, bananas, coco-nut 
palms, drugs, and other produce. The cultivated 
crops include cacao, cotton and coffee — that of 
Costa Rica being specially good ; and cotton, 
tobacco, maize, wheat, potatoes, etc., are grown 
at suitable elevations in tlio tierra templada, 
much of which is forested. The west is the better 
cultivated and more populous side. 

Towns. Belize, in British Honduras, ships 
mahogany, logwood, rubber, coco-nuts and 
bananas. In Guatemala a railway runs from the 
Pacific port San Jos^ to the capital, Guatemala 
City, and thence across difficult country to the 
Atlantic port Puerto Barrios. The coffee, sugar, 
vanilla, and indigo of Salvador are shipped 
from La Libertad, the port of the capital of San 
Salvador. Honduras contains no towns of 
importance. In Nicaragua a railway runs by 
Leon, Manaj^a, on Lake Managua, and Granada, 
on lAke Nicaragua, to the chief port, Corinte, 
on the Pacific Coast. Another l^e crosses Costa 
Rica from the Atkmtic through Ban Jos^, the 
capital, to Punta Arenas on the Pacific. 

A railway 46 miles long is constructed 
across the narrow Isthmus of PaikMna* from 
Colon or Aspinwall on the Atlantic to Panama 
on the Pacific. A great ship canfld is in course 
of construction. 
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144 . CEimtAL AMEBICA ASD THfi WEST INDIES 



THE WEST INDIES to tm D it ^ • ^MUet’s 

The West Indies Ue between Nortliukd South 

Amerioa. Off the coast of Slorida are the low, •* ^^**7 j’Moy ''rft*®' sapotiHa is 

infertile coral Bahamas, belonging to Britain and ® troe, with a bell«ihtt pw white flower, 
producing chiefly sbal hemp. TOe Greater Antilles as fragrant as apple blossoms. The deUcious fruit 

are Cuba (46,000 sq. miles), Jamaica (4^200 sq. » the size of a peach, in a rough ruseef skin, 

miles), Hispaniola (10,000 sq. miles), and Porto The custard apple grows wild, and is also culti- 
Rico (.3,700 sq. miles). The numerous Lesser vated. It is green in colour, tough-sldnncd, 

Antilles are all small. Off the mouth of the acid in flavour, and full of small black seeds. 

Orinoco are the British islantls of Tobago and The star apple is so-called because when cut 

Trinidad (1,870 sq. miles). in half- a star appears in the centre. The meat 

Climate and- Products. All the West ib green in colour, is eaten out of the skin with 
Indies are tropical, though most are high enough a spoon, and tastes lilce strawberries and cream, 
to have a temperate climate and products in the guava, though not eaten in its natural state, 

highlands. I,^te summer and autumn is the is of universal use in ^ making the well-knowi 
ramy season, and the heaviest rainfall is on the guava preserves and jelly. It has a peculiar 

east. Destmctive hurricanes often cause im- odour, which will scent a room for hours. The 

mense loss of life and property, while di.sastroiis tamarind grows in a pod-shape on a lofty shade 
earthquakes and volcanic eruptions occur from tree, and when ripe is of the consistency of mar- 
time to time. In 1902 the eruption of Mont malade and quite as luscious. The alligator pear 

Pel6, in Martinique, one of tht- Lesser Antilles, is used as a salad. Last, but not least, is the 

destroyed the town of St. I’ierre and nearly pineapple. The fruit grows out of a bunch of 

30,000 inhabitants. great leaves 18 in. or 2 ft. from the ground.” 

Th*' soil is very fertile, especially in the volcanic The Greater Antilles. Cuba is an inde- 

islands, and all kinds of tropical produce can b<» pendent republic, though with intimate relations 

raised. Most of tiio islands are covered with with the XTnited State.s. It is the largest of the 
dense forests, producing mahogany, and other islands, and is mountainous in the west, where 
valuable timber. The once flourishing sugar the tobacco from which the famous Havana cigars 

industry is declining, except in Cuba, through are made is grown on the lower slopes of the 

neglect of modern nietluxls of cultivation and Organos Mountains. Sugar is grown in the hilly 

also owing to the coniiietition of bounty-fed centre. The eastern mountains are rich in iron 

European beet sugar. The rich forests contain many valuable trees, 

Beauty of the West Indian Scenery, including the royal palm, mahogany, and the 
Every traveller vainly tries to paint the beauty (hi ban cedar, of which cigar boxes are made, 
of a scene made up of mountains, forest, and Havana, the capital, is on the north coast, 
sea, ” The mountains rangt* higher and higher,*’ .Jamaica, the largest British island, rises to 
writes Kingsley of Guadeloupe, in the Leaser over 7,()(X) ft. in the eastern Blue Moimtains. 
Antilles, “with oorries and glens, which, Mhen Many rivers water its fertile valleys. Bananas 
seen near, must be hanging gardens of have replaced sugar as the chief export. CJoffee, 
stupendous size. Tiny knots on distant cliff- cinchona, allspice, ginger, arrowroot, tobacco 
tops are really single trees of enormous height and cacao are also cultivated in the clearings of 
and breadth. Gulli<*s, hundreds of feet in the forest, which covers most of the islcuid. The 
depth, represent the rush of the ton-ents capital is Kingston. 

which have helped through thousands of rainy Hispaniola consists of the black republics Haiti 
seasons to scoop them out. In singular con- (capital. Port au Prince) and San Domingo 
trast with the rugged outline is the richness of (capital, Santo Domingo). It lias the usual W<^t 
the verdure. Each glen has buried its streamlet a Indian resources, but these are little developed, 
hundred feet deep in vegetation, above which Porto Rico, a possession of the United States, 
here and there towers the grey stem and dark is very mountainous. Cattle are kept on the 
crown of some palm. The islands, though in- higher grass lands, while the plains and valleys 
tensely green, are not of one, but of every produce the usual West Indian crops. The 
conceivable green, or, rather, of hues ranging capital is San Juan. 

from pale yeUow through all greens into cobalt The LesMr Antilles. The laittest islands 
blue. As the wind stirs the leaves and sweeps the — Guadeloupe (680 sq. miles) and j^rtinique 
lights and shadows over hill and glen, all is (380 sq. mil^) — ^are French. Both are voloanic. 
iridescent, like a peacock’s neck, till the whole The usual crops are raised. The islands forming 
island, from peak to shore, seems some glorious the Leeward and Windward groups are British, 
jewel — an emerald .with tints of sapphire and On Santa Lucia is Castries, former^ a British 
to^z, hanging between blue sea and white surf.” naval station, the best harbour in the West 
Tropical Fruits, The fruits of Cuba show Indies. Barbados has a dense negro popula- 
mofusion of Nature’s gifts in the tropics. tion, engaged in cultivating sugar. The Dutch 
Bssioes the well-known banana, orange, lemon, and Dani£ islands are of no great importance. 
IKme, and flg, are many fruits unfamiliar to Trinidad and Tobago. Sugar and cacao 
rose-apple, or rose-fruit, is as large are the chief products of Trinidad and Tobago. 
ihlagQod-sizedpe^, smooth-skinned and cream- The Pitch Lake of Trinidad supplies large 
^Ipurecl^ irith an culoar and taste of attar qfhantities of asphalt, brought down to Port of 
Wroscs. The mango grows on a tree very sunilar SpaisL, the chief town. ^ 
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By J. CUTHBERT HADDEN 

IN the matter of reading music, the study of in the alto, the whole might be played with the 

^ harmony helps to a wonderful extent. The fingers in their first positions. As it is, we must 

frequent appearance of ct^rtain chords leads to give two notes to the thumb, using it for its 

such an intimate acquaintance with these choixls own proper digital (C), making it shift down to B 

that the player by-ahd-by, recognising them when that note occurs, and back again to 0. In 

at once as a whole, is saved the trouble of the left-hand part the compass is also a sixth, 

“ spelling out ” to himself their individual and the thumb is treated in the same way as 

constituents. Before beginning to play an in the right hand by making it move upward to 

unfamiliar piece, it is necessary to make your- A in the last bar and down again to G. This 

self familiar with the key and the time. If the sliifting of the thumb will be found eomstantly 

key is a difficult one, impress on your memory necessary in the inn(‘r parts, and the student 

its third and seventh notes, especially ; play, should le.arn to manage it as neatly as possible 

too, once or twice the scale formed upon that so that the break in the sound may be all bub 

key, and its relative minor. Then it is well, imperceptible. 

before starting, to look over the piece from A short prelude is the form in which the next 
beginning to end, as very probably the first exercise is pre^sented. It is very simple until wo 

page presents no difficulties, while the second reach the third bar, where, in tw'o chords, the 

may unexpectedly present something of a very right liand has three notes instead of the 

startling nature. One of Schumann's maxims usual two. The upper parts of this and the 

to yoimg musicians is : “ Should anyone place following bars should be practised thoroughly 

a composition before you to play for the first by themselves before combining with the 

time, look it through previously.’ I’his advice under. 

should certainly be followed. In reading at The fingering from the beginning of the pen- 

sight, it is useless to stop when a mistake has ultimate }>ar to the end will be ; 

been made. If you do this, and return to the ^ .. ,, ^ 

passage, you are practising, not reading tho 

piece. -j I X IX 

To gain confidence in playing at sight it is ^ ^ 

well at first to take some simple piece for reading 

— simple not only as to technical execution, but Notice to keep the first finger on the tenor A 
simple as to key. The practice should be regu- in the last bar of the left-hand part when the 

larly kept up, and as great a variety of material fourth finger takes the bass D. The tendency 

as possible chosen. “ Playing at sight,” says will be to shift the thumb on to it. but there is 

Ernest Pauer, “ is a kind of economic musical no necessity for this. 

knowledge, and the following conditions are Practice in the Key of A. Ex. .*59 
necessary for it ; ( 1 ) a good grounding in tech- brings forward the kejr of A with three black 

nical execution ; (2) a regular and systematic digitals. It is not difficult in itself, but may 

knowledge of fingering ; (3) a cheerful and ready require considc*rablc practice on account of the 

disposition ; and (4) undivided attention and strange key. Tn the left hand we are obliged 

concentration of the mind on the work in hand.” to break our rule regarding tho use of the thumb 

Some of these remarks are, of course, much on a black key. There is no other way — keeping 

beyond our present stage, but many of them will them in the left hand — of playing the (> sharpn 

be of help now, and all can he recalled as the which occur in the tenor hut by shifting the 

student advances. thumb upwards from B. Tho C]2 intervening 

Four*part Playing. We return now to makes this uncomfortable at first, and the 

the Harmony Player,” and begin the work of fingering in early attoinpts may be far from 

the third step with four-part music and four smooth. But tfie difficulty can readily bo 

new keys. In previous exercises the compass mastered by practising the left hand by itself 

of the hand has bef3n within a fifth. But this slowly. 

has been only a concession to the learner ; In Ex. 40 wo reach the practical limit of aharp 

music cannot be confined within such a re- keys with the key of E, employing four black 

stricted limit. The compass must now lie digitals. In the right hand the x will have 

widened) and that involves certain extensions to sliift from E to Djf, and in the left (sixth 

of' the thumb and fingers in order to reach the bar) to move upwards to 0 Space need not 

out^ notes. . be taken up in speaking in detail of Exs. 44-50. 

l^QOk at Ex. 37. You will see that the right- Though introducing the stretch of an octavo, 

hand part ranges from B to G — a sixth. Now, they will prove of no difficulty if the preceding 

ii not for the B, which occurs four times exercises have been mastered. 
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A, word may, Itower^, be sau) abou^ a delbiite*^ 
left-hand fingering for the oad^tial form of 
the dominant seventh chord as seen in the 
last bars of Exs. 44 and 45. Take Ex. 44 as 
example. Ordinary hands would usually play 
the B b and A of the tenor as at (a) ; in the case 
of those having longer fingers, it would be most 
convenient to play these notes as at (b ) : 


(a) (6) 



This is such a common progression that the 
student should decide at once which of the 
fingerings he will adopt, and stick to it. 

Ex. 61 brings the key of with four black 
digitals. It is simple until we reach the last 
cadence. Here tlie thumb cannot play both 
G and El> in the alto, but by a little stretch 
the G may be taken by the first fing(‘r. The 
thumb of the loft hand has a good deal of shifting 
to do, having to play in all four different notes — 
E{7, D!?, C and B^. A short chant in G 
follows, where we have the peculiarity of three 
parts in the right hand almost throughout. 
This, again, involves a good deal of tliumb 
shifting in the inner part, the (ingei-h being left 
free as much as possible to play the treble 
smoothly. The right hand fingering should be ; 


4 

4 :i 

4 - 

u 

1 4 

4 » 

i 

1 

1 1 

1 

X 

X X 

1 1 

1 

X 

X X 

X 




X 


In Ex. 42 you will observe that a scale passage 
is completed between alto and bass. Keep the 
E firmly down, and do not bo alarmed at the 
dissonance produced by the entry of the D in 
the left hand. The last chord in th'^ next exer- 
cise has three of its parts in the left hand. Keep 
the fourth finger on the continued E, take the B 
witb first finger, and the D with thumb, shifting 
the latter on to the Cjf in the last chord. 
Ex. 43 might have come sooner, for it intro- 
duces the key of E flat, with only three black 
digitals. 

In the right hand the compass is a seventh. A |7 
being the highest note, we play it with the fourth 
finger, and this, giving the tonic to the first 
finger, necessitates the thumb taking both 
and B. An exception will be found in the pen- 
ultimate bar, where we are obliged to stretch the 
' firat &i^r down to D, the thumb being already 
Ojscimied with the B!? held on in the alto. 
'wtne'Ielt hand the thumb has to play three 
G and F. The remaining exercises 
hji are all in keys alre^ learnt, and 

special difficulties. Tfie last, how- 

Jirp gives* ffi^tionB for the use of 


stops, hotter 

turn as^ for a littie HOW, sad try to learn 
something of the tone eharaeter of tho dififerent 
registers. 

Use of the Regiators. This^^h, indeed, 
very essential. The full resources pf a good 
instrument can be brought out only 1^ a pUyer 
who knows what are the special mdividual 
qualities of the “ knobs ” at his command — 
how and when to use them, singly and in com- 
bination. Nothing produces a worse effect 
than the indiscriminate use of the various 
registers, and nothing is more common with 
amateur players. Of course, ^ Mr. King Hall 
observes, since no two liarmoniums are precisely 
alike in timbre, it is impossible to draw up a 
table setting forth accurately the qualities of 
the registers individually ; but the following 
remarks can be taken as approximately correct. 
Taking, tlien, the stops of our original instru- 
ment of four sets of vibrators in pairs, treble 
and bass, we have : 

1. Flutk ; 1. Cor Anolais. This is one 

of the most useful stops in the instrument, 
suitable alike for slow or quick music, and may 
be effectively combined with any of the other 
stops. Its tone is of a round and fluty character, 
comparatively full, and with the advantage 
over .some of the others of promptness of speech 
It corresponds with the diapasons of the pipe 
organ, and should be used for all music of a 
soft nature. 

2. Clauionkt;2. Bourdon. This stop some- 
what resembles 1 in being of a round and 
fluty quality, but the tone is much broader and 
heavier, and the response to the touch is slower. 
When you draw it, you will observe that it 
produces sounds an octave lower than the 
actual note played. Hence, if you were to use 
this stop alone it would be necessary to play the 
music an octave higher than written. But, 
as a matter of fact, 2 is seldom used aloni 
except in the treble for solo work, as we shall 
see presently. 

3. Fife ; 3. Clarion. This stop produces 

sounds an octave higher than written. It is 
of a bright and reedy character, prompt in 
speech, and adds brilliancy when conibined with 
the other stops. It should rarely be employed 
alone, except for echo effects in secular music, 
and in some other cases. The tone, in spite 
of its brightness, is so slight that when 
used with either of the stops which sound 
the notes as written, the higher octave is 
scarcely heard, being absorbed in the greater 
volume of the standard pitch registers. The 
student must not confuse “ Ctoion ” with 
“ Clarionet.” 

4. Obok ; 4. Bassoon. This stop is supposed 

to imitate the tone of the instruments sBer 
which it is named. The tone of the Oboe 
especially is thin and reedy, of a softer quality 
than the Flvte, but of the same standard pitch 
It is rather slow of speech, but xtAy be used 
venr effective)^ for musiG of a pastorel nature, 
and can be draum instead' of 1 wh«n a quieter 
effect is desired. k for 
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b<Ao&, and, combined with the Flute, makes a 
fair imitation of the voice, as here : 


Flute & {I 
Oboe I I 




Among the stops in larger instruments will 
be found: 5. Musette and 0. Voix Celeste, 
both on the right-hand side. The first is a soft, 
reedy stop, more delicate than the Oboe; the 
second is generally joined to some other stop, 
and by tuning its reeds a little sharper tlian 
those of the latter, a clear, ringing, vibrating 
effect is produced. The Voir may be 

used for solo work, either alone or with the 
Clarionet, but should not be used Avith all the 
other stops. 

Effects from Combinations of Stops. 

The possible effects which can bo produced 
out of only eight sounding stops are almost 
endless in their variety. One or t\vo sugges- 


Solo Passages. In order to give .pro- 
minonoo to a solo a louder tone must be used in 
^ the right hand than 

in the left, and it 

" { ' f follows that unless 

Li 2 ig used in the 

manner mentioned 
-A. the solo will suffer 

— id*— I* n 'Is range 

•n ppripufszz: take the player 

:l_L 1 xpzp, -T'D into the bass part 

^ ' of the instrument. 

Of course, where the solo does not go below F, 
any loud combination may be used with as soft 
an accompaniment in the left hand as can be 
obtained from the pirticular instrument in use. 
Oenerally speaking, the Sourdine oHoyh the softest 
accompaniment for a solo melody with a single 
stop ; but sometimes it is so strong that the 
right hand must be played with 1, 4, or with 
Ct teste, or with 1 and 2, an octave higher. 

An effective manipulation of the stops is as 
essential to tlie harmoniumist as to the church 
organist. Without it, his instrument is reduced 
tt» the level of a dead monotone, as it were ; with 
it, the instrument becomes instinct with life, 
capable of giving expression to all the varying 


tions may be offered. For ordinary four- 
part playing a very serviceable and effective 
combination is 1 and 4 for both hands. Also 

1 and 2, which, with the music played an 
octavo higher than written, will be found useful 
for nfost compositions of a serious cast. Stops 

2 and 3 andf 1 and 3 are a sort of “ fancy 
combinations,’^ as Mr. King Hall calls them : 
the first for sacred music, the second for music 
of a light, bright nature. In many instruments 
a couple of ordinary pitch registers are perfectly 
able to assert themselves against one lower 
octave stop ; and when this is the case there is 
no need to play the music an octave higher than 
written. But the greatest advantage to be 
gained by 2, with the right hand transpo.sed an 
octave higher, is that a solo may bo played 
(w’ith a soft left-hand accompaniment) w'ilhout 
any risk of going below F — the dividing place 
of the stops — and finding the melody disappear. 


shades of emotional feeling which musical com- 
position may inspire. Of course it is necessary 
that one should play fairly well before making a 
special study of the tone 0010111*8 rendered avail- 
able by the various stops. Tone colour is of very 
little use in merely elementary work, where the 
player is very much occupied with other things. 
But as soon as he feels tliat he has gained a 
certain facility in the use of the keyboard, he 
ought to devote a considerable amount of time 
to the special study of the stops. 

With regard to effects of what may not inaptly 
be called a secular character, it is difficult to 
make a selection, TJie following are offered 
mendy as hints which the student can readily 
adapt and improve upon according to the 
resources at Ids command. A cliarming orches- 
tral effect is ])roduced by combining Clarionet 
and Flute in melodies requiring to be doubled, 
as in the following from Le Proph^fe: 


Flute anti 
Clarionet 


Cor 

Anglais 



The Clarionet stop may also be used alone w ith good effect in baritone solos, as in this example : 
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Th0 value of tlie Clarion slop, 
teated by mob an example aa Ibe folbwiug : ^ 



Clarion 


Even with only Flute and Cor Anglais^ such 
an excellent effect as we have here may bo 
produced : 


Flute 



1a^ u metbod^ "of be 

found more or 1o8a> an m xm^ mr diudM, in 

all the exeroises 
remajningf to be 
stndi^. Theleamer 
whom lire have 
been guiding thuH 
far must now be- 
gin to practise it 
aysteznatioally ; and 
it is at this .point 
that the student who already plays the piano 
may begin. Wliat he has to learn first of all 
is emphatically the legato fingering. Many 
. usefm exercises for 


=^- 




These, as we have said, are only hints. If 
the student will but teat them carefully for 
himself, he will feel com))oti'nt to make further 
sucoessful experiments on his own account 
Experience, assuming his own good taste, will 
reveal to him many charming combinations 
which he will readily find a means of adopting 
as his repertoire increases. 

Finger Releasing. With the fourth step 
of the “ Harmony Player ” wo arrive for the 
first time at the system of fingering peculiar 
to the harmonium and tlie organ. This is the 
system known as jhiger releasing. Hitherto the 
student has been able to play the outer parts 
(the treble and bass) of all his exercises without 
any jumping of the fingers. In the inner part 
the thumb has been allowed (necessarily) to 
shift or jump from one key to another — 
method which can never be allowed for the 
outer parts (unless when marked staccak), of 
course), because these being specially pro- 
minent, the slightest break in the continuity of 
the sound is immediately noticed. In short, 
on the harmonium we must have legato fingering. 
Wo cannot, for example, play the following as 
at (a), which would pass on the piano ; we 
must play it as at (6), releasing the fourth finger 
always in time to provide a finger for the next 
note: 

(«) 


giving facility in 
this direotimi are 
included in both 
Mr. King Hall’s 
“ Harmonium^*’ and 
Stainer’s American 
Organ Tutor. The 
student will pro- 
bably find it best 
to take first the 
simple scale 0, and 
play it up and down, releasing all the available 
fingers in turn. [See next page.] 

Practicjo this very carefully before going further, 
each hand separately, and with the lines of fin- 
gering in their alphabetical order, as marked 
Be sur^ that a }XTfect legato is obtained, that the 
key is held firmly down while the finger is being 
released. The professional student would be 
required to carry the exercise through all the 
scales in order to gain the necessary facility 
in relieving the fingers upon the black keys. The 
amateur may, for the present, content himself 
with the above, having mastered which, he may 
go on to practise double notes with fingef re- 
leasing ; first thirds, as at (a), and next sixths, 
as at (b) 


(a) 


( 6 ) 










Tliese exercises, and others which will be found 
in King Hall and Stainer, are indispensable 
to the cultivation of the true UgaJto, the charm 
of the harmonium as of the organ. The student 
who already plays the piano should work throt^h 
them all at once ; our learner who has been going 
through the “Harmony Player” may, after 
having accustomed his fingera to the releasing 
style by the scale, and two exercises as illlietrated 
above, proceed with the four-part and other 
exercises from No. 55 cm to the end of the book. 
He will then acquire a borough iKimtiEiaad of 
the style naoessoiy to the <3^ psalm 

and hymn tmies^.diaitts, eta? Ito lli^epeoial 
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Right 

Hand 


W « ^3 43 43 M 34 34 34 8 ordlf, tho third and 

(^) 2 32 ^ S 5 3 Q 23 23 9 second fingers pass- 

(^) i 91 2T 21 a Q Q “Q 1 ing alternately over 

(«) * IX lx 1x1 ^ trr etc. ta X the thumb. In the 




descending scale in 
the right, and vice 
versd. A printed set 
of scales with the 


(а) 1 ^ ^ <‘tc. ^ 3 ^ 

(б) ^ ^ etc. ^ ^ 

(c) •-= :i3 13 <tc. :i3 ^ ^ 

(d) 1 ^ ^ etc. ^ ^ >13 

purpose the eight pag(*8 of chants and hymn 
tunes printed in Stainer’s tutor might also he 


43 (>tc, fingering marked 

^ eti\ obtained 

^ etc. ^ from any music- 

>13 etc. ^ seller. If tne student 

has a piano, they 
may be practised chiefly- -not solely— on tlwit 
instrument. 


gone through with advantage, particularly as 
various methods arc there shown of playing this 
class of music, with the usual two parts in each 
hand, with the melody in octaves, with the 
melody on a solo stop, and with the bass in 
octaves. 

Pieces. Tlie student who desires to play 
pieces chiefly will probably not wish to give so 
much time to church music. In that case he 
may start at once with the “ Thirteen Original 
Pieces ” of Mr. King Hall ; or, if ho h^els that ho 
is not quite advanced enough for these, lot him 
work up the Stainer exercises in two, three, and 
four parts. These are fully fingered, and repre- 
sent styles quite different from the psalm or 
hymn tune ; though marked for the American 
organ, they are equally well adapU^d to tht^ 
harmonium. 

In playing pieces where there is a single part 
in either hand, csjxicially if the music moves at 
all quickly, it is usual to employ what is known 
as scale fingering, the turning of the thumb under 
the fingers, or the fingers over the thumb. Thus, 
if the following scale passage occurix^d, it would 
bo Angered, for the right hand as above the stave, 
for the left hand as below: 



In a case of this kind there is no ncK?d for finger- 
releasing, of which, indeed, the time does not 
permit. The learner whose ambition is to play 
pieces chiefly would thus do well to go through 
a complete course of scale exercises in all the 
major and minor keys in common use. Such 
a course will not only add to his facility in 
Angering ; it will add to his reading power, and 
mve suppleness and dexterity to the hands 
^ides. 

The rules for fingering the scale are simple 
Ip principle, though they require at first great 
attention. In the ascending right hand, the 
thumb is placed, on the first white key which 
i^^ars/and afterwards follows the second and 
third fingerG alternately. ' In descending, each 
is p^yed with the same finger as in ascend- 
samerule is^lollbwea, but in reversed 


General Hints on Fingering. In 

regard to the whole subject of fingering, it may 
be remarked that facility cannot be forced ; it 
must be allowed to come in its own time. With 
experienced players fingering is a sort of second 
nature ; they “ never think about it ” ; the fingers 
seem to work like automatons, adapting them- 
selves in some mysterious way, almost mechani- 
cally, to the music being played. Let it be said, 
too, that whatever method of fingering secures to 
the individual player the smootliost rcTiult, and 
affords the greatest convenience, that is the finger- 
ing for him. The finest players occasionally differ 
as to their fingering, and allowance must always » 
be made for the construction and size of the hand. 
One of the greatest secrets of good fingering is the 
habit of looking forward to the coming phrase, 
seeing, if even vaguely at first, what has to bo 
done, and so preparing the fingers as to secure 
the Ixst rendering of the passage. In any case, 
there must be no slovenly, “ anyhow ” fingering. 
The jjerson who lingers badly or carelessly 
can never l>c a really good and satisfactory 
player. 

Selection of Pieces. After you have 
finished with your tutors and are able to 
play fairly well, you will naturally desire to 
work up a r<*pertoire of pit^ces. If you arc 
contemplating church playing, then, of course, 
sacred music — collections of voluntaries, etc. 
— is what you will direct your first attention 
to. There is plenty of music of this kind, and 
we can mention here only such collections os 
we think to be educationally as well as prac- 
tically mo.<t useful to the student. For those 
who have mastered the exercises in tlio “ Har- 
mony Player,” the best selections of pieces to 
follow that work are Volumes VIII. and XII. of 
the “ Harmonium Album ” (Curwen). Those are 
fingered throughout, and arc very suitable for 
beginners. The Harmonium Album ” extends 
altogether to 15 volumes. The first 14 comprise 
some 500 voluntaries, while the fifteenth is chiefly 
made up of movements from popular operas. 
The same publishers have also a collection of 
interesting Harmonium Studies,” by J. Frank 
Proudman, and a couple of volumes of musicianly 
“ Sketches for Harmonium,” by John Kinross. 
The best work to succe^ Mr. King Hall’s primer 
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is *tho sauMs "Author's “ Original Studiee and 
Airangementa for the Harmonium or American 
Organ.” The studies are peculiarly valuable, and 
the editor’s directions as to their rendering are 
sufheientiy clear. 

Voluntaries. Collections of “voluntaries,” 
expressly so-called, are numerous. One of 
the best is that of ^Ir. J. W. Elliott (Novello), 
in two volumes, containing altogether about 
' 350 pieces. Collections of original harmonium 
voluntaries by Oliver King and Max Ocsten, 
issued by the same publishers, may also be re- 
commended. It is better that the young church 
player should draw upon such works as these 
until he has gained experience enougli to make 
arrangements for himself. For gent;ral use there 
is nothing better than the two volumes of “ The 
Hfirmonium Treasury ” (Novello), in which wo 
have a series of select piec(w, secular as well as 
sacred, admirably arranged for the instrument. 
Chappell’s “ Harmonium Journal,” full music 
size, will also be found useful, as including rather 
more secular-music arraiigcmenls. All these 
works can be adapted to tlie American organ. 
Of collections sjiccially made for that instrument-, 
there is no need to mention anything but “ Tin; 
American Organ Journal, ‘ edited by J. M. 
Coward (Metzler). 'rhirty numbers of this ex- 
cellent work have been ])ul»lished so far, and 
there is nothing of its kind belter or more eoin- 
proheusive. 

Song Accompaniments. Jn atlditioii to 
its use for the church service, for which it is so 
well adapted, the harmonium is also ecpially 
adapted, from the extent of its orchestral re- 
sources and power of exprt^ssion, for the drawing- 
room or concert-room. “ The harmonium,” says 
Berlioz, the groat composer, “ is at once a eliurch 
instrument and a theatre instrument, a drawing- 
room and a concert-room instrument. Tt occupies 
but little space, and it is portable. It is there- 
fore a servant of indisputable utility for com- 
posers and amateurs.” It is not necessary to 
enlarge upon tJiis, but a word or tw'O must cer- 
tainly be said about the harmonium as an 
accom|)aninjent to the voice and in conjunction 
with other instruments. With regard to thc^ 
first-mentioned use, if heard properly, as the 
late Dr. Rimbault said, the harmonium will be 
pronounccHl not only capable of producing some 
of the most charming effects of accompaniment, 
but to possess powers of assisting the voice of 
the highest possible order. One practical hint: 
in accompanying songs from a piano copy, 
alterations will of necessity be made to suit the 
peculiar nature of the sustaining instrument. 
Octavos in the bass must be used spaiingly, ivs 
the lower r<jgistors of the htirrnonium are pow«*rful. 
When octavos arc required in the right hand, 
it is generally best to get them by drawing the 
Clarionet stop. Again, repeated notes in piano 
copies should, as a rule, be held w^hen played on 


the h^monium. But no fixed roles can be given. 
Much must depend upon the knowledge and 
acquirements of the performs. 

Combination with other Instru- 
ments. As regards combination with other 
instruments, the chief thing to aim at, when an 
artistic effect is desired, is contrast of tone. 
Thus the flute does not “ go ” nearly so well 
with the harmonium as the violin. Tlie best, as 
it is tlie most generally available combination, is 
that of harmonium and piano. “ We cannot 
conceive,” says Dr. Rimbault, “ a more perfect 
drawing-room orchestra than the piano and 
harmonium when used in concert. Nothing can 
be more iidrnirable than the combination of the 
strings of the former with the reeds of the latter, 
the one imitating the whole tribe of the violin 
class, the other the entire wind band, and 
forming together a tout ensemble capable of 
giving effect to orchestral Avorks of the highest 
(dass.” Special arrangements are, of course, 
required for this duet playing. 

Any good music-seller will show a selection of 
such arrangement-s, but the student might ask 
to see some of those published by Messrs. Chap- 
pell and Messrs. Novelk), particularly the latter’s 
six duets of L. Engel and the “ Transcriptions of 
Favourite Airs ” of C. L. Krug. There is also a 
considerable quantity of music for harmonium 
with other instruments, such as violin, ’cello, 
clarinet, etc. Harmon iumists should lose no 
opportunity of practising with any suitable 
instrument available,, such practice being of the 
highest value, not only from an artistic point of 
view, but also for cultivating the sense of ternfs). 
When you are playing with another, you nmst 
“ keep time.” 

Practice Hours. A few general hints, 
in elosing, on the best method of practice: Tt 
must not be desultory. Three hours to-day and 
ten minutes to-morrow and nothing at all for a 
week can never mean any real advance. Lt^l 
practice be regtilar and syiitematic. The precise 
amount of time will, of course, vary according to 
circumstances. The minimum for the amateui' 
should be about an hour and a half daily. 
Wliatcver it is, the time should be well appor- 
tioned among the different kinds of Avork under- 
taken. The student should draw up a table 
sjxj(;ially for his own use (and rigidly adhere to 
it), but the following proportions for an hour’s 
practice will generally be found advantageous : 

Minutes 

Finger exercises, scales, etc. , . 20 

New piece . . . . . . . . 20 

I^iece already learnt . , . . 10 

Sight reding . . . . , . 10 

Alwve all, let your practice be in thorOAigh 
earnest, that no moment may be wasted. And 
always remember the Avords of Schumann *. 
“ Whenever you play, let it bo as though a 
master were listening.” 


Harmonium and American Organ concluded 
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desire for an outdoor life is very strong in 
^ young men, and many to \vliom the thought 
of having to earn a living in shop, factory, or 
office is distasteful enter the service of the various 
public carriage companies. And noAv that motor 
traction is competing successfully with horse- 
tlrawn vehicles, the aspirant for an outdoor life 
has the choice, assuming that he wishes to be a 
driver, of becoming a M'liip ” or a motor man. 
In the latter capacity his prospc'cts of r<‘gular 
and long service will be greater than if he la'came 
a coachman, as the proprietors of horse-drawn 
vehicles are already reducing the niunber of 
their drivers, and in three years’ time will need 
the services of very few of sucli men. Tluire. 
are, however, men who have a strong dislike for 
engines and machinery of any kind, and they 
will probably prefer to drive a pair of horses as 
long as such employment is obtainable. 

The horses usecl for ])ubli(! servic^e vehicles 
are harnessed and put -to by the stablemen, but 
as carelessness on the part of one of these men 
may result in an accid(‘nt, and possibly loss of 
life, the drivtu: before mounting his box should 
st^e that the work has be(‘n done properly. This 
he can do tinostcniatiously whik* patting his 
horses. When a change of horses is being made 
he can see from his seat whether everything is in 
order. 

How to Drive. Having mounted his scat 
and received the reins from the stableman, the 
driver should sit with his feet slightly in ad- 
vance of his body, and on no a(jcouiit put them 
under the seat or press them against the spUish- 
hoard. His left elbow should be a trifle above 
and a little to the front of the left hip bone, 
with the forearm in<!lining across tlu; body and 
the wrist bent. The first and second fingers of 
the left hand should be' placed between the 
reins, the left or near-side rein resting on 
tlie knuckle of the left forefinger ; the right or 
off-side rein should bo between the second and 
third fingers. The 
third and fourth 
fingers should 
press the loose 
end of the reins 
on the ptdm of 
the hand. The 
whip should be in 
the right hand, 
held at the top of the handle, and lying in the 
palm of the hand and over the thumb. Wlnm 
held thus the fingers arc free to take the reins 
should it be necessary to use two hands. 

The rule of the rood is to keep to the near- 
side when meeting, another vehicle ; on over- 
takmg one, the driver must pass on the off side 


of it, unless th(5 vehicle overtaken be a tram- 
car, when it must be passed on the near side. 
Obelisks, street refuges, and other ercetions in 
the centre of the road must be j)assecl on the 
near side. 

Horse-drawn Omnibuses. The appli- 
cant for employment as driver of a horse-drawn 
omnibus must be accustomed to driving. This 
staUummt is not superfluous, for it is made wuth 
the know]<‘(lge that men who cannot drive fre- 
(lucntly apply for work as omnibus drivers, 
believing that if they are piomised employment 
they will soon bt? abh^ to learn to drive a })air 
of horses. It is also imperativi^ that, hviorv. 
making an epplicatiori for work, the would-be 
driver should possess a police litjoricc, as omnibus 
proprietors do not entertain applications from 
unli(!ensed men, no matft*r liow ex(;<*ll<mt their 
recoin niendat if )ns may be. 

Wlnai the ])olice have satislif^l themsf^lves as to 
the resp(*(!tability of an a])plicant for a licenoe, 
they test his jiroficiency as a driver by setting 
liim to drive an omnibus, which they k<‘e.p for 
this purpose, through somt^ of tlui most crowded 
parts of J.,on(lon. A police inspector accompan it's 
the applicent on his trial drive, and decides 
whether or not he shall be granted a licence. 
If the ins}M^ctor considiTs that the applicant is 
not suflici(‘utly experienced, tells him that 
lu5 must und(‘rgo anothfT driving test, in two or 
three weeks, before a licence can b<5 giv(?n to him. 
In these circumstancfiS the applicant will he wise 
if, in the meanwhile, he has some ])rjvctice on a 
heavy pair-liorse vehicle, and obtains advicf^ from 
nn ex])(‘ricnced omnibus driver. 

When th(‘. driver has passed tliC/ test he has 
to pay os. for Jiis policf^ licfuiee and 2s. Gd. de- 
posit for his badge. latter sum is returm^d 

to him on his giving up his lieemic, but the os. 
has to bti paid annually. 

Securing Employment. The newly 
licensed driver may succeed in obtaining work 
from the first company to which he makes 
ayiplication, but it is (piite possible that he will 
have to undergo the unpkjusant exp(?ricnee of 
licing U)kl time after tiiiu; that no drivers are 
wanted. In that case all he can do is to leave his 
name and address at tj^e various offices, and wait 
until a vacancy occurs. When at last he is given 
work ho will be siirpriso<l to find that, although he 
holds a licence, his employers do not consider 
it to be a guarantf;e that he is thoroughly com- 
pt^Uint, and therefore he has to make several 
trial journeys. On these occasions an experi- 
enced and trusted driver sits on one of tlu*. front 
seats to watch him, with a view of repfirting 
to his employers whether or not he is a capable 
coachman. In addition to this, he tells him where 

4185 




TRANSIT 

the “ points ” or stopping places are, and gives 
him other information which it is necessary he 
should possess. Tf the report be satisfactory, the 
new driver is engaged as an odd man,” which 
means that when a regular driver, or “ service 
man,” is absent through illness, or some other 
cause, he takes his place. Very probably he 
will get only one or two days’ w'ork during tli(‘ 
first w'cek ; but he may be fortunate and begin with 
several weeks of unbroken w’ork. When at last 
a vacancy is caused by the* d(‘ath. resignation, 
or discharge of a regidar drivei*, the “odd man” 
gets his ” servict',” and herieefortli he lias regular 
employment. ” Odd men ” are not, however, 
always new" hands ; a “ service man ” is some- 
times rt*duced to an ” odd man ” for cari'lessness, 
or breaking the rules of his emjiloyers. Drunken- 
ness while on duty is an ofl'enee whieli is punislu'd 
by instant discharge. 

IVages. Omnibus drivers are paid Os. for a 
day of, on an average, twelve boms. Kaeh man 
uses between ten and twelve horses a day, accord- 
ing to whether tlie road be hilly or not, the di.s- 
tance travelled by each pair luang about sixlc‘(‘ii 
miles. Som<*tin\i*s a man who is a good driviu* 
is careless about the (‘onditioii of liis horses, hut 
coachmen of this typi* do not remain long in the 
employ of an omnibus proprietor. It may b(^ 
said, too, that if a man has any showy nianmu - 
isms, such as sriuuring his elbows wlien driving, 
he w'ill he wise to break himself of them as (piiekly 
as possible, as the proprietors have a strong 
objection to “ flashy ” drivers. The left hand, it 
has been said, w"as made for driving, and the man 
W"ho makes a jiractiee of using both is another 
type which docs not lind fav'our with (‘inploytu s. 
For the driv(*r who proves Jiimscif to be a good 
judge of horses there is the chance of promotion 
to the position of district horse-superintendent, 
with a salary of from to £4 a week. 

Conductors. It is as necessary for a 
W"ould-bc conductor as for a driver to obtain 
a police licence before a.})})lving for work. Tliis 
is by no means difficult to obtain if thi' applicant 
be a respectable man, a few (piestions as to his 
knowledge of the main thoroughfares h(‘ing the 
e.xtent of the examination he h;is to undergo. 
For his lieen<’e he has to pay the same as a 
driver, and he, too. begins as an “ odd man.” 
Hut before becoming even an “ odd man ” he 
must take one or two journeys, unjiaid, to learn 
his duties, his instructor being a reliable and 
experienced (!onductor. The novice watches the 
conductor on the tirst journey, learning the 
extent of the various fares, the sections in 
which to punch the tickets, and how" and when 
to entc'r the unissued ones on the waybill. On 
the second journey tlu^^ old conductor hands 
over to the learner his tickets anri bell punch, 
but w^atches to see that he charges the right 
fares, and punelu\s and issues tickets of corre- 
sponding value. 

At the close of each day the conductor pay?; 
out of the takings the driver’s and his own. 
wages. The balance he delivers, on the follow- 
ing morning, at the district office, handing in at 
the sain© time his box containing the bell punch 
that he used on the previous day and the unused 
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tickets. Tlie box and its contents are thei\ 
forw"arded to the chief traffic office to be checked 
A fresh bell punch, set of tickets, and waybill 
is issued to the conductor every evening, so that 
he can Ix^gin the following day with a frosli 
outfit. On the V3ack of each waybill is printtMl 
a money table, and if the conductor has issued 
during the day 151 penny tickets, 47 twopcmiies. 
r-nd threcpennics, he can see at a glance tlwii 
he lias to pay in I ‘2s. 7d. for the tirst, 7s. 10<l. 
for the s(*cond, and 5s. 9d. for the third. 

Hours and Pay. (Conductors work thi^ 
same number of hours as the drivers, and 
arc‘ paid 4s. fid. a day. Many of the ticket 
inspectors are drawn from the ranks of tlw* 
conductors, but, finm a inonettary point of view , 
this is scarc(‘ly laoiiiot ion, as the w"ages of tin* 
iiispt'ctors begin at 50s. a week, rising to 3,5s.. 
for which they are on duty eight hours a day. 
One wec'k they begin work at about stiven o’eloek 
in the morning, the following woek they go on 
duty at about four in the afternoon. Another 
and more ])roHtable position to which conduc- 
tors can rise is that of road inspector, w'ith wages 
of from £3 to £4 a week. Timekeepers, many 
of whom are old drivtus or conduetors, are paid 
from 3<Ks. to .35.s. a vve(‘k ; horsekeepers receive 
about 2Ss. a wec'k ; and the ’bus w'ashers, w^host* 
work has to he* done at night, are paid from 35s. 
to 40s. a week. 

Motor Omnibuses. The old-estaV^lished 
omnibus companies being naturally desirous 
of n‘laining as many as possible of their old 
seivants, take their motor omnibus drivers 
from the Tanks of the eoa"hmen and conductors 
of their horse-drawn vt'hicles. Most of the com- 
panies ha\ e. at tln^ pr(\sent time, a long list of men 
who are being taught, or an^ waiting to l)e taught, 
motor omnibus diiviug. U.sually they are taught 
at the expense of tlu'ir em])loyers, hut in return 
are required to sign an agreement binding them- 
s<‘lves to rernaiti in their service for a specified 
period, in most eas(*s a year. It will bt^ seen, 
therefore, that for sonn^ years to come the old- 
established companies will he able to obtain from 
among their own servants all the motor driveis 
they n*(iuire, and that consecpiontly the man w"ho 
is not alrcjuly in th(‘ir employ has little chanct' 
of entering their service as motor man. But 
with the new companies it is dilTercnt. Having 
no horse-drawm omnibuses, they have no old 
servants to wlmin they feed hound in justice tn 
giv^<‘ preference, and consequently they arc 
aide to consider the application df any man. 
qualified or unqualified, who w"ishes to ent<*r 
their service. Both the old and the new 
companies have their own instructors, by whom 
the men are thoroughly taught driving and 
mechanism before being sent to New Scotland 
Yard to undergo their police examination. 

Examination for Motor Omnibus 
Drivers. In the interasts of the public, the 
examiner, an inspector of the Public Carriag(‘ 
Office, subjects each applicant for a licence to a 
very thorough set of tests. First he is examined 
in backing and turning the omnibus, and if he 
comes through this ordeal successfully he is tokl 
to drive out into the street. The examiner sits 
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beside him, and decides the route he is to take 
(luring the hour*s run. A part of the time is 
spent in crowded streets, and if the driver be 
unfortunate enough even to graze another vehicle 
lie is put back for two or three wrecks ; if, 
however, he satisfies the examiner that he can 
drive carefully in the midst of traffic?, there is the 
hill test to t)e undergone. He is told to drive to 
a fairly steep hill, and as he is ascending it he 
must stop the omnibus, and start it again, when- 
ever the examiner commands. The same test 
is applied while descending the hill. If the 
('Xaminer bo satisfied that the man is thoroughly 
competent he is given a licence to drive an 
omnibus of that particular type ; l)ut if, after 
a tin^e, he wishes to drive an omnibus of another 
make he must undergo another examination. 
This is an excellent poli(?e reguJation, for tln?rc 
are many types of motor omnibuses in use, 
the ch&sses of which differ considerably in many 
respects. 

Licences. For his licence the motor omnibus 
tlriver must pay 6s. to the police, 2s. fid. deposit 
for his badge, and 5s. to the London t'ounty 
Council. After receiving his licence the driver 
soon obtains his “ service,” for qualified motor- 
bus men are not yet so plentiful that they have 
to remain long as “odd men.” Moreover, as 
motor omnibuses are on the streets from eightecui 
to twenty hours a day, it is necessary to have 
two drivers and two conduettors to every ’bus, 
one pair of men working the first half of the 
day, the other relieving them after about nine 
hours, and working until the 'bus is taken into 
tlie garage for the night. Drivers are paid 7s. a 
day, and conductors 5s. Meehaiiicin-ns, who 
overhaul the motor omnibuses every night, are 
paid 35s. a week, and ’bus washers 30 h. 

The Motor Omnibus Business. To 

start business as a motor omnibus propri<?tor 
it is necessary to have plenty of capital, for 
£1,000 barely covers the? cost of one vehicle. 
Moreover, the man who posse.sses only one or 
two motor omnibuses has little chance of com- 
f>eting suotjcssfully with the large companies, 
who can, of course, work at a lower cost p<?r 
vehicle than is possible for a proprietor in a 
small way of business. Competition between the 
old and the new companies will become keener 
(‘very month, and the result will be a cutting down 
of fares that will make it absolutely impossible 
for the owner of only one or two v«‘hi(^le8 to run 
them at a profit. If, however, a man has plenty 
of capital, and decides to build up a fleet of 
omnibuses, he should endeavour to disc?ovcr tlie 
various types of chasses that are giving satisfac- 
tion to their owners, and should restrict his 
choice to them. It will be much safer to do this 
than to purchase, even at a much lower figun? 
than is demanded by makers of repute, a type 
of omnibus that has not undergone the t(?st of 
some months’ work on the public roads. When 
he has bought his chaasis, it will have to be 
tak^ to a coachbuilder’s to have a body built 
and fit^ to it, for the makers of chd.sse8 do not, 
as a rale, build the bodies, that being quite a 
separate bittiness. 


Motor Omnibus Regulations. When 
the body has been fitted to the chassis, the 
omnibus is ready to be licensed ; but it is 
useless to submit it for police inspection unless 
the following regulations have been observed in 
every respect : 

“ Carriages must be submitted for inspection 
in a thoroughly good condition, and no earriag(? 
will be Certified fit for public use unless it is 
newly painted and varnished.” 

The following conditions must also be strictly 
complied with : 

1. Stngf' ('arriaj^prt propolird by iu<'i*}uitn('al iiH?ana, 

aiul rtubjeot t€» tluj Loeoinotivcs A«:-t (59 au<l 

SO (Jap. 90), an<l Moti>r (jar Act (9 Edwd. VI!., 

(Jap. .‘{6), must oonqily witii tlu' ia<jnirom«*nts of 
tlioso Acts, and of tlu* Onlcrs of tlio bocal (Jovorn- 
mciit Itoard in pursuain'O Ibcrnof. 

2. JOacJi new tyj)o of motor - car intended for 
licensing must !)0 prcK(>nU*d at Now Scotland V'artl 
for iihspcction. The proprietor must at tho sami' 
time prt)dii<‘e tlu^ certitic.jitt' <yf ro^iHivatinn, and 
also one from tho maker staling the niachinory to 
bo safe, and in ovory way fit for iiso in a ]>ubiic 

carriaj2;o. 

If, on Lnsp«‘otion, tin* car is approved, such approval 
may tvxtcnd to all c.ars of lliat descriptum, ami 
cars of that typ«‘ m'ed not bo u){uin pro.sentcd at 
Now S<*o(land Yard, but may bo taken t-o tho 
usual j)aHsing si at ion, provid('d a certificato from 
tho maker is submitted witli each car ft)r liconsin^, 
stating tiuit it is in ov'oiy respect similar to tho 
type already api)roved. 

ecTtifieato from tho proprietor, stating iJioro 
has bo(Mi no alteration in tho design of tho niachinory 
since tho previous inspection and tlato eov’-ored by 
I ho inak(*r’s eortiHent<‘, must bo proH<*ntod wilJi ouch 
ear suinnilted for ronovral of Iktonco. 

Slioiild an altoralion bo made, llio same course 
may bo recpiirod as for a lirst inspection. 

Should it be lUumicd necessary, an expert will 
<Mnj)loyed to advise on tho subject. The fee for the 
ox])crt examiuution to bo de]) 08 itod by the proprietor 
with tho (Jommissionor, which foe will bo roturuod 
if the ear is passi'd Mitbout alteration being rocpiircd. 

There are sp(?cific regulations governing th(? 
(!Onslriietion of motor omnibuses, and licences 
an? grant(?d only for veliujles in the construction 
of which those regulations have been followed. 
Tlie regulations K]>eeify the sizes of the various 
j)art8 of tlie veliieles, and th(?ir d(?tails may be 
learned upon a])plieation to the licensing 
autliority. 

Tin? ft?es to be paid to obtain a licc?nce for a 
UKjtor omnibus are £3 18s. to tho Inland Revenue, 
£2 to llio Metropolitan Police, and £l to the 
London County (Jouneil. Tho last-mentioned 
fee is paid on the first year only ; tho other tw'o 
are payable annually. 

Cabs and Cabmen. Tho applicant for a 
cabman’s li(?t?nce, having satistied the police as 
tohisresptictability and topographical knowltnlge, 
has to und(‘Tgo a driving examination, usually on 
a four-wh(‘eler, and with a police official sitting 
beside him on the box seat. Tho regulations, 
being subje(?t to the local police arrangements, 
vary in different places. The London candidate, 
if passed by tho police, is given a licence, renew- 
able every twelve months, for which he has to 
pay 5s., and a deposit of 2s. fid. His next step 
is to obtain a cab to drive. Cabmen differ from 
omnibus and tram men in not being the servants of 
the proprietors of the vehicle they drive. They 
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hire them from a proprietor, paying a certain price 
per day. The average price per day for a hansom 
works out at 11s. 3d. ; for a four-wheeler at 
10s. (5d. Two horses are supplied for each cab. 
Drivers of “ privileged ” cabs have to pay an 
extra fee. The “ i)rivilege system ” is an 
arrangement between the rnilway companies 
and certain cab proprietors, whereby a spi'cilied 
number of vehicles iK^longing to the latter are 
])ermitte(l to enter the various Ijondon termini 
and stand there for hire. As this ensures the 
drivers getting more “ far(^s " than they would 
obtain if plying for hire in the streets, it is 
reasonable that they should have to refund 
to the proprietors the priet^ paid })er vehicle 
to the railway. At some railway stations tJie 
charge is Is.' })er cab ])er day ; at others it is 
as high as 4s. 

Cab Fares, 'riie following are the London 
eab fares. The cab radius is four miles from 
the statue of (‘harh'S L, at Sharing Cross: 


hv DisTANfi-:. s. (I. 

If hired hikI clisclwirj^CMl nu'fhin the radiu';. 
f«.>r any distaiue nol t'seerdin^ two 

iniles I O 

Jmu' every iuhlil ional uul(‘ <ir jiMi t of a mile O U 
If hired oufsitir the rail ins, wlierovm- 
disehiir^i'd, foi* the first and ea<h 
sueeeediiiy mile or part of a mile .. I 0 

If liircd hut diseharjjed oul.sidr the 

rndius, f)v(' \\hole liislanee, not e\- 

ee(.*diii^ one mile I (» 

Hut exceeding one mil<*, then fo/' ('aeh 

mile ended within the ludins . . <5 

And fur oaeh mile or part of a mile outside 1 u 
Hv 'PiMr. 

Within the radius, four -\n heel<-<l eahs, 

for one hi air or loss . *2 0 

fTausoins, per hour 2 ti 

For every additional (piarter of an la r, 

or part of a ((uarter, four-u her'lers . tt i» 

Ifaiisoms, per hour us 

l’''our-whe«*ltM’s or hansoms, if Jiiivil < /♦ 

aide tJje radius, \v}iere\(*r diseJia»> I, 

for one hour or less 2 <> 

If above one hour', tlien for e\ i rv unarter 

of an hour or less US 


if hii'ed irithin hut discliarjied untsidi tli* 
radius the fares ai’e aerta’dina to (la 
two j)r<M*<>diiij; pai'a^i^raphs. 

L I ■ ( : n M ; K . 


For eai'h pacUaeo earried outside .. <» 2 

A n n FT ro N A I , I ’ i : a s r » n s . 

For eneh person above two (two ehiUlren 
under ten year’s of a^r* ai<‘ iep:arded 
as OIK' person) U ti 


WAlTlNt;. 

By distance only. For every lifteeii 
minutes eomph'ted, if hired within 


the I’adius: 

Koiir- wheelers U l> 

Hansoms OH 

When hired ontsidc the radius. f<an'- 

wheelors or hansoms 0 S 


Unless tht; cabman is told wlien hired that 
he is engaged by time, faros must be [)aid 
according to distance. A driver can rt'fuso to 
be hired by time between 8 p.m. and 0 a.m. 

A cabman hired by distance must, unless pre- 
vented by the traffic, drive at the rate of six miles 
tin hour ; if Hired by time, four miles an hour. 
Should ho be requested to drive above the latter 
speed, he may demand, in addition to the time 
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fare, for every mile, or any part of one, exceedini; 
four miles, the fare regulated by distance. 

The Taxameter. Disputes between cab- 
men and riders concerning the fare to be paiil 
will continue to be numerous until some distant c 
registering apparatus is affixed to every oalt. 
The taxameter was tried on a few London eahs 
in 1809, but owing to the opposition of the cab- 
men as a body, the experiment was short-lived. 
At tile present day the objection to the taxa- 
meter is not nearly so widespread among eal»- 
men, and there is every probability that befori* 
long it will be given a fair trial ; a commission of 
inquiry into flu* subject has, indeed, reported this 
year (lOOti) in fa vour of its adoiition. Somewhat 
resembling ti clock in appearance, it is fixed over 
the olT-side wheel, and records at the end of 
every journey tht^ distance that has been 
travelled and the fare to Ih‘- paid, ineludiip; 
<‘xtras for liiggttgv' and waiting. It registet-M 
also the number of journeys the cab has niadr*. 
the mil(‘S travelled, and the total takings of tlie 
day. When tluj eab is plying for hire, a little 
red flag proj(‘ets from the side of the taxameter, 
and the words “Not tuigaged” appear on the 
dial. When ti passtuiger enters the eab, it i*. 
th<‘ driver's duty to press down a lever, which 
e.uiscs th(' Hag tiud “Not engaged ” to disapjK^ar, 
th<‘ lattru* being replaced by the tariff. On 
arriving at th(‘ passenger’s destination, the 
drivm* pulls up the l(‘V(‘r, whereupon a record of 
tin* distance travelled and the fare to l>o paid 
appettrs on the dial. 

Mtiny cabmen tire the proprietors of the eal) 
they drive. In the majority of cases the man 
originally drove for some other proprietor, but 
having saved money, started business on Ids 
own aecount. A hansom or four-wheeler can 
always be obtained on tlie hire purchase system, 
and a eoupit' of eab horses can usually be bought 
at a low ligiire if a man is j)repared to spt'ud 
some days at the Jiorse repositories waiting for 
an op])ort unity to buy cheaply. 

Cab Radius. As already stated, the London 
<‘al) radius is four miles from th<i statue (d 
('harles T. at ('luiring (Voss. Its extension ha.s 
been advoeated fretpjontly, but it is unlikely that 
any alteration will ho made while horse-drn\wi 
ea bs are in vogue. When motor cabs arc plcntif id, 
the proprietors arid tlic drivers of the latter will 
probably ignore it if it be not considerably 
enlarged. An important section of the drive rs 
of horse-drawn cabs — the men who ply for hue 
in the City and the West l^nd — are very rarely 
engaged to go beyond the radius, and eon* 
se(piently it is a matter of indifference to them 
Mhether it be extended or not. The cabiiieu 
who do object to any alteration are those wlm 
stand for hire just outside the four-mile limit, 
for they appreciate being able to charge a person 
who hires just outside the radius “ outside 
fares for the whole distance travelled inside the 
radius. Their reply to the fact that if they 
charged “ inside ” fares they would carry more 
people to the West End is that they would then 
lose their most profitable jobs — the short shilHim 
journeys from railway station to private houses. 
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Motor Cab Ro||[ulatioiiis. The oon- 

ditionfl to be complied with before submitting a 
motor cab for police inspection are, to a great 
extent, similar to those framed for motor omni- 
buses ; but the following are some of the special 
regulations. The height of the body of a hansom 
inside, from the top of seat cushion to thci roof 
at the lowest part, or where the front window - 
frames fold up toward the roof to the lowest part 
of the frame, must not be less than 40 in., the 
width inside at any point, not less than 40 in., 
the width from the back squab to the nearest 
point of door pillars, not less than 26 in., and for 
knee space, not less than 28 in. Tlie lieight of 
body of a brougham or landaulette, from the top 
of seat cushions to the roof at the lowest part , 
must not be less Uian 40 in., the width between 
tJie hinge pillars or shutting pillars, not- less than 
40 in;, the width of door, not less than 21 in., 
and it must be so constructed that it opens to the 
fullest extent, and causes no inconveni<?nce to 
passengers. Where the carriage is provided with 
front and back s^jats, the measurement betwetm 
the front edges of cushions must not la*- less than 
19 in., the width of front seat not less than 14 in., 
and of back seat not less than 16 in. 

Tramways, 'i'hc London (bounty (.'oimcil 
being the proprietors of the majority of the tram- 
way services in the metioi)()lis, the man wdio is 
ilesirous of becoming the driver or conductor of 
a tramcar, horse-drawn or motor, cannot do 
bettor than apply for employment to tlie eliief 
officer of L.C.C. Tramways, 909, Camberwell 
New Road, 8.E. Both drivers and conductors 
of the horse-drawn tramcars work six days a 
week, the rate of pay Ixnng for each is. 9d. a 
day on entering the service ; 5s. 9d. afU^r six 
months, or on obtaining a service car; 58 9d. 
after six months on a service car ; and 6 h. 3d. 
after twelve months on a service eai*. Men 
are promoted from “ spare ” men to “ servi<!c^ *’ 
men, as far as possible, act^ording to seni<.)rity 
of service. Every driver and conductor receiv(‘s 
also a uniform coat, overcoat, and two hats a 
year. Stablemen are paid 26s. a week ; washers, 
258. to .30s. ; farriers, 99s. to 49s. 6d. ; track 
cleaners, 25s. ; pointsmen, 24s. ; trace boys, 14s. 
lo 18s. ; ticket inspectors, 42s. ; regulators, 42s. ; 
and liiglit inspectors, 42s. All th<i above- 
mentioned work six days a week, tlie totirl 
number of hours jxr week being 60, except in the 
case of farriers, who work 54 hours. Tht^ only 
men who work sov^en days a week — total number 
of hours 70 — are the foremen and deputy fore-* 
men, whose pay respectively is from 42s. to 
64 b. 6d., and 42s. 

The drivers and conductors of motor tram- 
cars receive the same pay as the drivers aud 
conductors of the horse-drawn cars, but they 
work 56 hours per week instead of 60. 

When any of the L.C.C. tramway employees 
are requested to work during their “ stand off ” 
w “ resting time they are paid at the rate of 
tune and a quarter. 


The conditions of employment under tramway 
companies and on the municipal tramways of the 
provinces vary, but the conditions in I^ondon 
may be regarded as typical. 

Jobmasters. Any man who is energetic 
and a good judge of horses should be able to 
work up a profitable jobmaster’s business. Two 
or three hundred pounds w'ould sufficient 
capital for a man starting in a very modest way, 
as broughams and landaus c^an he obtained on 
the purchase by inslalment system, and the hay 
and corn merchants will give him credit, if hc^ 
is a respectable man. Sometimes the hay and 
corn merchant will iulvama; inon(‘y to a man 
desirous of starting business as a ji>biiiast<?r, 
but it is advisable to dispense with this assistance 
if possible, and lie friH? to buy Jiay and corn in 
the cheapest market. 

For every vehi(‘le which a jobmaster lets out 
.he has to pay 15 h. for a licence. His coachmen 
are paid from 29s. to 95s. a week ; but as their 
duties include the ordinary stable work, horse- 
keepers are not necessary. Many jobmasters 
do a good business with commercial travellers’ 
broughams, which they let out at alx)ut £12 
a month, this sum including horse and eojuili- 
man. Tlu^ wagi^s of the coachman arc about 
29s. a week, but this sum is augmented by tips 
which he receives from the commercial traveller, 
tlie amount varying accoiding to the prosperity 
and gtmerosity of tlie donor. 

No li<u‘nce to be paid for thi^ letting out 
of saddle horsi's, and iu some neighbourhood!- 
this branch of a jobmaster’s business is very 
protit able. 

On important Stale occasions, when the 
nation’s guests ar(^ nunu'rous, the Royal stables 
are unabhi to imict the demands tor earriagex, 
with the ri'sult that some of the leading 
jobmasters rectuvt^ orders to supply a certain 
number of broughams, landaus, and, occa- 
sionally, hansom cabs. The jobmasters naturally 
ajipoint their b(*st (uiachmen to drive the-se 
carriages, and the selected men usually receive 
a liandsome gratuity fioni the distinguished 
persons whose coachmt'n tli(‘y become for the* 
time Inung. 

Carmen. Of all drivers, carmen ani the 
worst paid, their wages ranging from 16s. to 92s. 
a wc*ek, the higher sum being received by the 
men who drive a jiair of horses. They Avork 
on an average 14 hours a day, but, unlike. mt>st 
workers, have no settled iimt‘s for meals, and 
must get tiuun wdien and where they can. 
WheiH^ver a carman leaves his vchitile to obtain 
a meal hf? runs the risk of being summoned by 
the police for Icuiving it unatUmded, and having 
t.o })ay a fine of from 2s. fid. to 15s. and costs; 
The London carmen, of wliom there arc some 
45,(M)(), are endeavouring to get Parliament to 
sanction the provision of registered stands 
where they could leave their vehicles in safety 
w'hen they wish to obtain food. Such stands 
are very badly needed. 


Continued 
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First Years of Reporting:. Shorthand. Telegfraphing: Copy. Long:hand Abbre- 
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viations and Press Corrections. The Reporter’s Environment. Helpful Qualities 


By ARTHUR MEE 


havr reac'hccl the door of the newspaper 
oflice, and the work of him wiio steps inside 
will begin to take definite shape. He may never 
have been in a newspap(‘r office !u“fore, and his 
first impression, })erhaf)s, will be one of surprise 
at the utter simplicity of everything he sees. 

He will lemember what a wonclerful thing a 
ntiwspaper is ; how it reaches to the very t;nds 
of tin; (;arth, and how it brings, or how it should 
bring, the beating lu'art of all the world to our 
own firesides. TTc‘ will km>w that nothing can 
happen in any far-away corner of the world 
which will not some time, in some way, make 
itself known in the room he has entered. \v{ 
all that he will see before him vill ])ioi)ai)ly bt; 
a few chairs and t aides at whicfi men are 
Avriting or reading telegrams. Ht* will find, 
no doubt, his first encouragement in this, 'f’he 
simpler the conditions, the more hot)eful lie 
should be ; and the man whose work needs no 
other tools than a fountain pen and a pad of 
paper can hardly wish for an (Mivironment more 
free from mystery and teehnicality. 

The Reader’s Room. Journalism lias 
many destinies, and the time will soon conn; 
when our eandidate must make uj) his mind 
which of these he Avill choose. Ib* will have to 
decide whether he would like to be a reporter 
* or a sub-editor, or Avhether he would rather aim 
for one of the other various posts a newspaper 
has to offer. Hut that time is nf»t yet, and 
for practical purposes his work will be, for the 
first year or t\>o, preeistdy the same whatever 
ultimate goal be has in a iew. The first business 
of the journalist is to he ready to do anything. 

It should ha\^e bei'n pointed out Ixdore, piT- 
haps, that journalism may be very easily entered 
through a department of the eonijiosing room. 
One of the most important figures in a ncAVs- 
paper oth(;e is the reader, to Avhom is entrusted 
the business of correcting proofs, 'fbe rcafler's 
room, one of the busiest corners in a nmvspaper 
ofiiec, affords an excellent opportunity for an 
introduction to newspajier Avork, and a boy may 
enter thu? department as a cojiybolder mueh 
earlier and more easily tliaii he can possibly 
enter the reporter's room. It will be his duty 
here to read copy aloud to the reader, who will 
compare it with the proof and make any necivssary 
corrections. The training in this work will help 
considerably to ])repare him for journalism, and 
this way of beginning may, indeed, he strongly 
recommended from many points of vioAv. A 
year in the reader’s room will enable a boy to 
form an opinion as to his liking for jouiTialism 
as a career, will make him careful and quick to 
detect error, and Avill in many ways help to put 
him on the road he is anxious to tread. 
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The Journalist's First WorK. But, 
whcllier with or Avithout this experience, he Avill 
begin his real journalism in the reporter’s room, 
and the first few years of his life liere Avill 
he decisive of his place in his profession. Ih; 
should ru'ver forg(‘t that his first duty to himself 
as Avell as to his paper is to gather experiences 
Avherever he can, whcncA^cr he can, hoAvever h<; 
can ; and he must be ])re pared to think nothing of 
hard work, of long hours, of irregular meals, of 
Aveaiy miles of AA'alking by night, of unexpec ted 
demands to begin again at the end of a trying day. 
.lournalism has no room for the man who must 
go home Avhtut the cloi k strikes. 

Only one thing is automatic in journfilistu — 
the hour of going to press. It is tlie irregular 
and <‘ver-changing nature of his work Avhieh 
the young journalist will come to re;gard as its 
chief value and charm. But he will find that at 
first his work lies in a Avell-defined field, and 
that he is givt‘n the r(;spousil)ility of “ covering ” 
several regular and necessary appointments. 

He Avill have hoeorae an apprentice, no doubt, 
on the staff of a jirovineial paper in a town such 
as, say, Nottingliam. VVe may (piite safely 
assum(‘ that h(‘ is in the jirovinees, because it is 
utterly im])ossil)l(; for a reporter U) begin his 
carts*!’ on a London ncAvspapcr. It is, indeed, 
impossible to begin neAVsj)a])er journalism at 
all exee])t in the ])rovinces. Tt Avill he helpful, 
therefort*, to take a swift survey of the ordinary 
Avork of ji reporter in a iy]>ieal provincial town, 
in the otliee of a morning paper Avitli an evening 
edition, and tin; r(‘ader should h(;ar in mind that 
it is pn‘eist‘ly this kind of work which the young 
journalist is sure to he called upon to do at the 
outset of his career. 

The Reporter’s “Calls.” The dav 

begins Avith a series of calls Avhioh, though 
made by the junior member of the staff, are of 
the greatest importanee. The eoron(*r’s ofliet*, 
the fire station, the police station, the hospital, 
must he called at early every morning ; at 9 or 
10 o’clock, or earlier, according to the time at 
Avhich the paper appears. Let us go with tiie 
reporter on his round. 

At the t;oi’oner’8 office he learns of some fatal 
accident, some sudden death, or some death by 
violence, and the brief statement of particulars 
Avhich the coroner’s officer allows him to see 
gives the essential facts. If an inquest is to he 
held the reporter notes down the time and place*. 
At the hospital he may glean particulars of 
some street accident which has not proved 
fatal, and has therefore not come to the notit <• 
of the coroner ; and there are many kinds oi 
information which he may acquire by keeping 
in close touch with the hospital authorities. 





So, too, at tho police and fire stations, usually 
close together. Tho reporter may learn here of 
some probable development in the local courts* 
that morning, of some interesting arrest, or of 
ffiome outbreak of fire. With the necessary 
information about these things in his notebook 
he returns to the office and presents his report to 
his chief. If the matters are of minor import- 
ance he may bo asked to write paragraphs 
concerning them, and this may be considered 
adequate treatment of the circumstances. 
Should there be any special interest, however, in 
any of the cases, the chief reporter will enter the 
(went in a diary to be “ followed up,” either by the 
junior himself or by one of the senior reporters. 

The Reporter’s Diary. Tho diaiy is the 
most important and exciting book in tho office. 
It is the genesis of Uio next edition of the paper 
so far as local events are concernc?d, and there are 
times in every reporter’s life when he approaches 
this book in fear and trembling. He may hnd 
himself marked to ttike tlie next train to Mmi- 
chester, or Birmingham, or Exeter, or Cardiff, to 
send a special account of a railway accidtmt, a 
dciscription of a political meeting, an interview 
with a man who has suddenly IxH-ome of local 
interest, an investigation of some eomniereial 
enterprise closely concerning tht» readers of the 
paper. He may find himsedf sent away for a 
week to follow a candidate ih!X>ugh a by-election, 
perhaps in some remote constituency in tlie depth 
of the winter. His fate for the day, whatever it 
be, is settled by the diary. 

Li is the duty of every reporter to see that 
every interesting event that takes place in 
town is entered in the diary, and the junior 
may make himself very useful to his chief by 
keeping his eyes wide open for public announce- 
ments. It will be his duty also to familiarise 
himself with the dates of regular meetings which 
must bo attended, and to see that these are 
carefully entered. Tho monthly meetings of the 
local authorities, the meetings of the town and 
county councils, the education authority, the 
parish and district councils, tho anmml meetings 
of societies, are all stock engagements which 
should never be left to casual rocolfection, but 
should bo entered in 4ho diary a year ahead. 
Notifications of most events are sent to th(i 
office by those concerned in them ; but the 
vigilant reporter never relies on secretaries, and 
every day events occur of which no notification is 
sent. It is the duty of the reporter to see that 
these functions ore not missed. 

What the Reporter Should Know. 
Tlie wise reporter will know something about 
most of tho things that happen in the town. Ho 
will know not only when an annual meeting is 
to be held, but what is likely to discussed at 
it. He will be friendly with all sorts and condi- 
tions of people, with employers of labour, with 
working men’s leaders, with social workers, with 
ministers and clergymen, with lawyers, shop- 
keepers, police officers, builders, doctors, woric- 
house officials, town councillors and poor-law 
Ipiardianfl, librarians, and a host of other people 
m aU ^rts of posts and places. The whole world 
is bis idesrbox, and the reporter never knows 
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when there may be a column of “ copy ” in the 
most casual remark of somebody he moots. 
He may be attending a public meeting in a 
neighbouring village, and may find himself 
chatting with tho chairman, who is, lot ii.s say, 
the local estate agent and valuer. Has th(^ 
reporter over thought of tho copy that lies 
unused in a valuer’s office ? If he is used to 
seizing opportunities, he will discover that his 
valuer friend knows tho ins and outs of all 
the little businessejs in tho neighbourhood — 
how they pay, their market value ; what kind 
of business siu^etiods and what kind fails, and 
why ; tho fa(!tors that make one tradesman’s 
life prosperous and happy and another a tragie 
failure. He will find a veritable mine of 
informarion of economic value and grtjat public 
interest in tho man wliose business it is to know 
tho comparative values of, things in our villages 
and towns. 

The Value of Shorthand. It will 
have boon gathered already that a reportc^r’s 
life does not by any means consist in tho mere 
\vTitiiig of shorthand and the transcribing of 
his luthis. With the development of journalism 
th(^ reporter has becomes largely m«Tgod in the 
d(“seriptive Avritcr. TIkto will, no doubt, always 
b(^ a demand for notetakers ; but there is no 
demand for men who can merely take notos. 

One of th<^ most, successful journalists of our 
time, Mr. T. P. O’Connor, has said that a 
journalist will sueeiMxl better without shortliand 
than with it. What Ik^ nuMns is, prob{il>ly, 
tlnit the journalist is bclt<T without short- 
hand whm he has (jainvd experience. It is un- 
doubtedly true that the man whosueeeeils in jour- 
nalism without th(^ use of Hliorlhatul is the Ix'st 
journalist, Ix^cause his journalism is thc> sheer 
triumph of his own native ability without any 
mechanical aid such as shorthand gives ; and in 
suceei'/ding without shorthand ho develo|>s 
(|ualities a thousand linn's more valuable to him 
than shorthand (tould ever lx\ 

But we live in a world whiu’o journalists are 
not born with a T.P. i)en in their hands, and it 
is still tru(^ that th(i broad way tliat leads Itt 
journalism is by Pitman’s shorthand. No 
ordinary young man has the sliglitest opportunity 
of joining a newspaper staff unless he learns 
shorthand, and this great hict is in itself an 
answer to t,hose wlio declare that shorthand is 
unii(^c<wsary. While, therefore, the young jour- 
nalist will fight against any inclination to trust 
to Ids eliorihand as (o a eriitoh, he will not fail 
to use it as a walking-stick— if one may adopt 
Sir Walter’s famous simile. 

VV(^ ’have considen^d some of the duties w^hich 
will make demands upon tho reporter’s notebook, 
and there are countless others. Every day there 
may lx? poli(;e courts sitting in which the reporter 
must make careful notes of the evidence of 
Avitnesses and legal statements. Not a day 
passes in which a careless reporter would not 
run the risk of involving his paper in an action 
for lil>el. Even such simple matters as the use 
of the word “ prisoner ” for “ defendant,” and 
tho necessity of guarding a report in accordance 
with the theory that a man is innocen" until ho 
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has been proved guilty, will cause the reporter 
much anxiety at tirst. 

Pitfalls in the Reporter's Path. Ho 

must take care to realise the many pitfalls that 
li« in his path. He should never, when learning 
his work, resent the advice of a more experienced 
colleague. He should never allow himself to 
lose tlie sense of responsibility, to forget that 
. the thing he writes is given to the world and 
cannot bo recalled. '^rhe clerk who makes a 
mistake in hi» hooks to-day can rectify it to- 
morrow ; even next week or next montli the 
mischief may he stopped before it has gone too 
far. B\it a mistake in a n(‘wspa|K'r paragiviph 
goes on for (‘V^er. No coiToelion can inaki* it good. 

A full HcUse of this truth will save the jour- 
nalist from many slips. ft will save him 
from such an expiaieiiee as ladel the \\ii1(‘r 
nluai, in a mood of inipaidonahlc inditrerenc(‘ 
tf> all tliat h(* is now contending, he f)ct rayed 
tile pa})er which trust('(i liini. 'rht‘n‘ was 
in his town a ])la(‘e of ('ntertainment so vulgar 
that Ih‘ would not go to it, and his g('ru‘rous 
chief saved him tlu^ pjiin of relx'llion hy 
not marking him for the engagement he held 
in such cont<"mpt. There eatm* a busy night, 
however, when there was no way out, and th(‘ 
sensitive junior reporter was marked to “ cover ’* 
the fatal engagement. He would not go. On 
an elect I’ie switch liy the fireplace in tlie reporter’s 
room hung tin* weekly hills of the music hall ; 
every week the new liill was put in its ))lacc on 
the top. Taking down the top hill, tlu* rebel 
junior, guarding himself hy an assuranet‘ 
over the telephone that tin* progr** -miue was 
being “ satisfactorily pei formed,” wrot(* a jiara- 
gra}>h saying so for tin* next morning^s pa])er. 
It appe«ared, a tamo little tiaragraph in which 
nobody would have looked for n. homh- 
shell, until the ma.nager of the music hall 
called to know' wliat subtle reason tin* pajier liad 
for declaring that a programme iive wfc*ks ohl 
had been reeeivtul the night before with great 
applause ! n’here are obvious morals to tin; 
story, which ev«'ry junior reporter may apply. 

Experience of “ Copy.” 1’he rc'porter 
should strive to <*reate the feeling in tlie mind 
of lus e}ii<‘f tliat he can be relied upon, f( will 
be necessaTy at first for his copy to revisi'd. 
but the time will come when he himself will 
he given opportunities of nndsing tln^ copy 
of a newer appnaitici*, or of the country eor- 
respondimts wlio, invaluable as they are to any 
paper, liave sometimes a genius for missing 
essentials and for writing tediously, in very 
had grammar, about trifling things. * The value 
of the good local correspondent ean hardly ho 
exaggenated. hut the chief value of the bad 
eomspondent is that Ins eojiy is a means of 
teacliing sub editing to tlioao who deal with it. 
The rc}X)rter who is ealled upon, as all reporters 
are. to practise .subediting, will find this 
experience so useful to him that he should do as 
much of this work as he ean ; it will help him to 
sec defeots in style, and to achieve a free style 
of his own. 

.1 he bulk of the reporter’s work is, however, of 
ayery different kind. His own copy should, after 
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one or two years’ experience, be ready for press 
without any sub-editing. He will learn in thcsti 
first years much more than ony book can teach 
him. Ho will have been called upon to 
himself at almost eveiy possible kind of function. 
He will have learned the value of every minute, 
the use of the telephone and telegraph, the 
importance of being able to make up his mind 
quickly how to act, the mjeessity of utilisimr 
time spent in travelling, and of writing with a 
rajiidit y he lias not thought possible before. H( 
will have found that newspaper work is not all 
1i()W'<‘r-.s]iows and weddings ; hut h(^ will hav(^ 
found, also, th.it constant application aiuf 
organisation make the ino.st difficult tilings easier. 

Reporting a Speech. There i.s a great 
dilTerenee in tlie styles of reporling which Avill 
eomc under his notice. Th(' rc[>orter wo II clis 
cover these tilings for himself, hut w'c Avill take 
one example, i’iicre was a fine passage* the 
other day in a speech hy Mr. VV’inston rhurchill. 
in which he che.‘w the* line between incJividualisin 
juid collectivism. Here is a first -person extract 
fremi his .speech ; 

'I’liaf i.s whert- the S()« ialists make* u iiiistakc. 
ns Im‘ J tHctuI n**i to hiH into it. Wc liavo an Army 
amt Xav\ coliccti vol.v. ( ’(»llcct i vely wc maintain a 
( lovcrnincnl , polict*. and Po.st OMice*. But wv d(» not 
nmk<- love <-oll<'< t i\ cly. Wo do not die collcctivt'ly, ami 
it is not colU><'t ivcl.v that we'Mutt'cr, and hope, iind win, 
oikI Ioso, in n world of a(*cid< titH and storms. 

The reporter who has to report this in the 
third ptTson n(*eHl only alter the first two lines: 

Thai av/.v wdiere the Socialists made a mis 
take*. Let Lihirals he* e are*ful not to fall inlei it.” 
In ordinary third-persein re*porling, however, 
this de‘ge‘nerateel into : 

f hat was wlu'n* tlu* Sociali.si.s iiia<lc a inistiikc. 
L('l lliciM he careful not to fall into it. Wt> had mi 
Army and Xavy <-ollccl i\ cly, (Villi'ct ivciy wi* mam- 
taiimd a t Jovcrnincjit, pjihci*. and Post oltici*. But wo 
di<l iH»t mak* lo\»‘ collectively, w'(* did jiol die collcr- 
livcly, and it was not collectively that wi* sutt c'd, 
and hoped, and won, and lost, in a world of act alcritii 
and stoians. 

This, of course, is full of absurclitie's, almost 
worlhy of tlm reporter Avho put a eptejtation fjoni 
'rciinyson into the* third person hy sayin.t^ : 
“The sp€*aker saiel that kind he*arls wx*re more 
than coronets, anel simpk' faith weis superior to 
Xeirnian blood.” 

It is unfortunately true that in third-person 
rcjiortin.g the* practie*!* of unnecessarily altering 
the* pre\se*nt tei the^ ])asl tense* is eirdiriarily 
adopte'd, hut it is rarely done wdthoiit sjioiliiig the 
repea t, and seiine'timos (juite perverting the mean- 
ing, as, say, in the ease of a speaker wdio says : 

“ I..ondon is greater than Manchester, and its 
streets are* w idt'r than the streets of Manediester.” 

This in the* third-person style of repeirting now 
common would hocomc : “ London was greater 
than Manchester, and its streets ivere wider than 
the streets of Manchester,” the effect of which, of 
course. Avould be to give the reader the impre.s- 
sion that London was greater than Manchester 
in the past, whereas what the speaker meant 
was that it is greater than Manchester now. 

Reporting by Telegraph. Thereportci 
will some day be called upon to send his copy hy 
telegraph, and he will find tliis quite simple. 
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<A Turned letter 
A Caret (insert) 

Quotation marks 
ff Insert hyphen 
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Insert a space 
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SIGNS USED IN CORRECTING PROOFS 


Cl 6 . The exercisoS^care^) correcting will bring its] 

ClI reward in a greft sQ^ing of time and expcnsi^ 

/ One man may correct a proof in such a way that 

l.C. its 1^ vision involves an hou^ work in the coti]^ 
posing room, while another may achieve the san^ 
end byl corrections involving only ten minutii^ 
^ work. Proof co^ecting is easentii^ one of 
* the things which only experience can teach, and 
Um the experience will come eai d^ and naturally 
' to the journalist. On this page tKere is reproduc<^ 
91 the passage we are reading, ^specially sot so as to 
20 ; ’ represenj^ypical mistakes made in setting. In 
X the margi^ appear the reader's corrections, and 
ef a comparison of th^se with the para$ 0 iph as now 
itflf being^bad will illustrate the way in which pr^ff 
I- ^ore corrections ^cur in one line the correc- 
Zare revised. be noticed that where two or 

sl Cj tton 0 are marked in the same order \\that is, 

/ / the first correction refers to the fi rst mistake! 
tkA. the second to the secontkftmstak^and so on. 
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now 'ID CORRECT PROOFS 

This passage appears ill its revised form on this pafie as i»art «»f this artiele, 
and the actual pussaije should he compared wit h the above 


The first thing necessary is 
to obtain from the post-office, 
free of charge, a supply of 
Press telegraph forms. On the 
front slip (Form 1) are the places 
for the names and addresses of 
the papers to which the message 
is addr(^ssed ; Form 2 is merely 
for the continuation of the 
message. Up to 6 p.m. on any 
(lay on which the office is open 
the reporter may hand in a 
message at any post-office in 
the kingdom at the rate of 75 
words for a shilling. After 
() p.m. the rate is 100 words 
for a shilling. 

There are still telcgi’aph 
offices in the kingdom where 
no Press message has ever been 
se(m, but the Post Office rarely 
disappoints the journalist. Tt 
is a condition that notice shall 
1)C given of any messages over 
200 words, but where this is 
impossible the rule is readily 
relaxed. By writing to the 
secretary of the Post Office, 
giving him twenty-four hours’ 
notice, the reporter may have 
any office in the kingdom kept 
open on payment of a minimum 
fee. When the message is to 
be sent to various papers, all 
that is necessary is to write the 
names and addresses on the 
front slip of his message, or to 
pin a list to this slip, and to 
pay 2d. instead of a shilling for 
each subsequent address — that 
is to say, a message sent after 
0 p.m. from London to ten 
different newspapers in ten 
towns will be charged for once 
at the rate of a shilling per 100 
words, and nine times at 2d. per 100 words, and 
it may be sent any number of times at this rate. 

Rapid Writing. It is not possible for ns 
to consider here, even in this brief fashion, all 
the practical things that a reporter mu.st know. 
He will come to learn them as he goes along. Tie 
should never be satisfied with himself so long as 
it takes him more than an hour to write out a 
thousand words in longhand from his notes. The 
reporter’s ideal is the House of Commons (Gallery 
man who once wrote three columns of the Times 
(over 6,000 words) in three hours. 

To facilitate rapid wTiting of longhand a series 
of abbreviations is recognised in cvei-y printing 
office and in every post-office. They arc : 

/ —the, fm— from, f=^for, wd=wouM, o— of, shd~Bhoiild, 
t- that, li-^have, wl— will, AV:=swlth, wh^^^wldoli, cd— could. 

Many other abbreviations will readily suggest 
themselves — such as, for instance, g for ing ; n for 
^ion-~that is, epeakfi for speaking ; terminaf^ for 
tennimUion, 

Of even greater importaneo is it that the 
journalist should learn how to correct proofs. 


The exercise of care in cor r(‘C ting will bring its 
reward in a great saving of time and expense. 
One man may correct a proof in such a way that 
its revision involves an hour’s work in the com- 
posing room, while another may achieve the same 
end by corrections involving only ten minutes’ 
work. Proof correctiiig is essentially one of 
the things which only exiierioiiee can teach, and 
the experience will come early and naturally 
to the journalist. On this p*age there is reproduced 
the passage we are reading, specially set so as to 
n^present typical mistakes made in setting. In 
the margin appear the reader’s corrections, and 
a comparison of these with the paragraph ixs now 
being read will illustrate the way in which proofs 
are revised. It will be noticed that where two or 
more com*ctions occur in one lino the correc- 
tions are marked in the same order — that is, 
the first correction refers to the first mistake, 
the second to the second mistake, and so on. 

The Reporter's Difficulties. The 

reporter should learn to write in almost any 
conditions. He may have to take notes in a 
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crowd, holding an umbrella, or hanging on to a 
lamp-pOKt. He will find great difficulty at times 
in obtaining names at meetings ; will suffer 
much inconvenience from the neglect of secrc- 
hiries, the mistakes of speakers, the bad manners 
of many people who ought to knoAv better. He 
w ill be insulted by people w ho imagine that every 
reporter has his price— from t he poor w oman who, 
knowing no l)ctier, offers him sixpence to ki^-p 
her boy’s name out of the paper, to the man 
w'bo, knowing better, is not ashamed to tempt him 
into evil by off\‘ring him gold. 

The good reporter is oblivioiis of the difficult 
or unpleasant eireuinstanees in w'hieh he may find 
himself at times. He will think nothing of 
havi?ig to write in trains — that, if he wdll sit 
facing the engine and write on a stiff board, 
letting his back comt^ into contact as little as 
possible with th<^ carriage, is easy. Ho will 
accept a difficult ('ngag(unent quite readily, 
knowing that the expei‘iei:ee will make tlie same 
work easier when it comes again, until difficulties 
cease to trouble him. Ho will learn to have a 
contem])t for such men as the repoitcM* on a 
London morning ])aper who, having been 
eng.aged in th(^ office for souk* time, was told to 
do outside work. “ But T am no good at outside 
work,” he said. “ Well,” said the editor, “ that 
is all I have for you.” “ Well, T had better take 
my pay and go,” said the stupid report<‘r, and 
one of tho most go-ahead halfpenny pap(‘rs in 
London was well rid of him. The reporter who is 
“ no good at outside, work ” is no good for any- 
thing to a ncwspa])er, and it is a most unfort.unato 
day in a journalist's career wium ho refuses an 
engag(5ment for reasons of that kind. 

A Royal Road to Information. 
There are many things that the reporter must 
teach himself. Only his own exjXM'icnce can 
teach him the pri(!oless value of th('. gift of 
holding his tongiu; and of nev^'r expressing 
surprise. 

There is a familiar story of a representative of 
tho Times dining w’itli a pliysieian, who men- 
tioned that a statesman had that day asked him 
if India would suit him. H(? had answ^erod, 
“ Yes.” The Times reporter exhibited no sur- 
prise and no unusual interest. Knowing that 
the Vieeroyalty w'*as vac- ant, he Avent to the 
office and wrote a paragraph saying that the 
stat(i.sman was to he the new Viceroy ef India. 
He was right. A casual remark at dinner had 
contributed wliat may have been the most 
interesting paragraph in the next day’s papers. 
It was a croditahlo achievement, and it depended 
upon four qualities on tho part of tJie journalist. 
He knew his facts; the Vi(^<‘royalty was vac;ant. 
Ho had cultivated his natural powders of deduc- 
tion ; it was not likely to be a mere coincidence 
that one of the probable candidates for tho 
Vieeroyalty should ask at that particular moment 
if India would suit his health. Ho had the 
astuteness not to seem unusually interested ; he 
had all tlic information he Avan ted, and knew 
that any expression of surprise might cause the 
physician to pledge liim to secrecy. He had the 
courage without which no man over succeeds in 


journalism ; he did not wait to make further 
inquiries, Avhich AA’Ould have lost him the dis- 
tinction of making an exclusive announcement. 

The Man Who Always Knows. It is 
one of the surest and wisest rules in journalisin 
never to manifest surprise. It is the business 
of the journalist to know, tand he should givi‘ 
the impression of a man who knows Avherevcv 
he goes to seek information. The quickest way 
of closing a man's lips is to express surprist* 
at anything he has said. He hesitates, paus<‘s 
to ask himself if he is wise, and at last regrc't^ 
having revealed a secret.. The natural roluctam .* 
of men and woincur to say anything Avhieh may 
itiA^olve them in trouble or publicity makes tin* 
work of the journalist often unnecessarily hard ; 
and the journalist can smooth the way for hiui- 
S(‘lf by taking a startling statem(uit as a matl< r 
of course, as if he bad been familiar with it 
all tlie time. It is not m^cessary, of coiirM(‘. 
to point out the difference bcdAveeii a piect* of 
eonfidtuitial information and information whiclj 
it- is (piite legitimates to publish, though the man 
who can giA^e it is unreasonably nervous about 
doing so. No report-ea* Avorthy of the name will 
br(‘ak faith by publishing something he has pro- 
mis(‘d to kee]) secret. \Vo, are discussing now the 
method of obt/iining information or opinions in 
a. quite legitiinalo manner from persons who, 
either because of their own nature or because' e>f 
the eireumslanees, may be very easily frightejieel 
and stricken dumb by the. Avay in which the* 
journalist receives their statements. 

The Value of Sympathy in Report- 
ing. Tlie reporter’s life brings him into contact 
with that side of things which is not always the 
best, but bo Avill, if he is wise, take care that his 
ox[X‘rienees make him not a worse but a better 
man. He need not- be ashamed of having emo- 
tions even as other men. The chief reporter Avho 
knoAvs his AAork Avell and knOAvs how to get full 
value from his staff Avill do his utmost to st'c 
that his reporters arc sent to sympathetic engage 
ments, and he will do all that ho can to encoiirag<* 
ratiier than repress any enthusiasm the report<*r 
may manifest. The reporter is too often re- 
garded as something apart ; a necessary, but 
not an integral, piece of machinei’y. He should 
make it his business to become an integral factoi- 
in things, to feel himself a part of, and let others 
feel that he is a part of, whatever is happening. 
It is inevitable that the reporter should 
lind himself in the company of people he dis- 
likes, in an environment that is intolerable to 
him, doing Avork that he detests ; but it is a good 
thing to bear in mind that tho man who will 
deseril)e a movement best is the man who feds 
the spirit of it, who knows the aim of it. There 
Avas a wonderful article describing a Salvation 
Army meeting in a London paper not long ago. 
It w'as written by a reporter who calls himself 
a Freethinker, but who had tho greatest difficulty 
to keep away from the penitent form as he h^- 
toned to Miss Eva Booth. It is not astonishing 
that he wrote a Avonderful article. The reporter 
who puts liis soul into his work will cany 
everything before him. 
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A Set of Garments for Little Boys. Tunic and other 
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Suits. The Popular “ Man-o*-War.” A Scotch Kilt 

oolitiiiued (roiu 4o:il 


By AZELINE LEWIS 


has already been remarked tliat, although 
^ botli boy and girl babies at first \v(‘ar petti- 
coats, there is some slight difference in shape, as 
those for the boys are generally cut with long 
waists, the skirt part consisting of a shaped or 
straight-gathered frill. The little frocks, too, 
cv'cn the kilted style, could be made on the 
same lines. 

Diagram 33 shows a set of boy-baby ga.rnu‘nt.s 
for the first stage : {a) is tlie small combination, 
consisting of tw^o parts, the 
leg portions of which, made a 
little larger, will afterwards 
ilo for pants. At this very 
(‘arly stage, however, a little 
knitted vest, cut up sufficiently 
deep to form legs, will answer 
the purpose admirably. (c) 
is an American vest or sliirt, 
made of very finest flannel, 
which may be worn up to 
four years of age under a tunic 
or suit. 

Tlie small drawers arc 
shown at (6). These are made 
all in one, the fastening con- 
sisting of tape passed through 
1 ‘yclet-holes, as in the sketch, 
which are drawn up and 
]>assod round the biittons of 
the bodice. (r.) is the petti- 
coat, which differs only from that show’ll iri 47 in 
having the seams from the armholes, and one 
instead of two shaped frills for (he skirt . 

The frock, made of white flannel, Viyella, 
or wincey, is showm in (d). (g) is a eross-over 

tunic, with vest and collar; (^), a pleated tunic 
frock. For quite small boys these are better 
arranged in a short yoke, but for older boys the 
pleats should come from the 
•dioulder. {i) sliows a smock, 
or overall, of liolland or linen, 
and (/) a neat variation of the 
tunic suit, with an added 
AA'aistcoat. 

Tunic Suits. Nearly all 
these garments can be (;ut 
with the aid of the draftings 
already given, with slight 
alterations. 'Tlie bodice of 
the petticoat and frock, for 
instance, is the same as in 
25, only a few inches being added to the 
length, and seams made to come from front of 
armhole. Directions have already been given in 
Dkessmaking for cutting circular and shaped 
flounces, the little skirt sketched being of this 
shape, as it sets out so much better at the lower 
edge than the sfraight-cut one. 


The little frock is exactly the same shape, 
minus the seams at side of front, the pleats 
being arrangc^d on the pattern before cutting out. 
If made in washing material the bodice need not 
be lined, but the pleats should be st itched down 
at each edge ; if of woollen goods, a lining is 
needed. The ))(‘tticoai will take J yd. of 30-in. 
maUwial, and the frock from I to IJ yd. of 27-in. 
goods. 

Diagram 34 .shows tli * shape of the American 
.shirt, whicli can also be 
adapted from the bodice 
])attern, wdth the nece.ssary 
extension for tin* belt part. 
This vest should be rut sclv- 
edgi? ways of the llannel, as 
it is tlieii much Ie.s3 likely to 
stn‘teh. The edges are bound 
with lute ribbon, care being 
taken not to stniteh the ero.ss- 
way edges, whilst the seams 
must b(* neatly lierringboued 
with fiiK^ cotton. Tlirec- 
(piartcrs of a yard of ffanncl 
arc required. 

Til 35 we liave the drafting 
of a tunic which will servo 
for (/), (f/), (h) and (i) in 33, 
as well as for (r/) and (/) in 36. 
TIu*se can bo c'volved from 35 
by adding on the re<pusite 
length and width to the lower portion. The 
plain tunic measures about IJ yd. round the 
lower edge. 

T’he doulile broken line at (a) in 35 sliowr the 
direction to be taken foi- the fronts of the cro.s.s- 
over tunic in of 33 for a very little l)oy ; 
wdiilst the single row' of broken linens indicate the 
direction for the plain double-breasted affair, 
with a diagonal closing, as in 
{(1) of 36. 

The pattern will also servo 
as model for t he pleated tunic, 
shown in the same diagram 
[33], by modelling the pleats, 
as described for the pleated 
skirt, as shown in tliagram 30, 
and also in Tailoring for 
Girls [page 24G8J. 'J'he box 
pleats are about 2 in. widi*. 
if a yoke be needed, cut this 
from the upper part, as shown 
by the notches, and model the pleats for tlio 
lower part as described. 

This tunic may fasten at ccntre-back or front, 
as preferred; if in front, the opening must bo 
made to come under the middle pleat. 

Directions for drafting the collar have already 
been given, whilst that for the crossover tunie of 
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jis th()S(* in 
(b) and (a) 
small hoy. 


33 must be sJiaped to fit the neck and front 
o))ening. "Dio vest can bo cut to the directionK 
ot the singlet shown in the boy's man-o’-war 
suil, in 41 , with the addition of a collar, or not, 
as fancy may dictate. 

Little Boys* Suits. The ideal suit for 
small boys, advocated by many doctors, is the 
kilt. This j>rovides tht^ necessary leg covering 
and gives freedom, whilst ensuring warmth to 
eneonraoe a proper blood supply to the knee and 
leg. Idle kilt can be worn 
with (ither coat and waist- 
coat — the making of both of 
wbii'h have been already 
desenbed |311~or a sailor 
blouse 

Diagram 36 shows the 
various gai’inimls suited to 
th(‘ second stages of the small 
b«)y's existence. (r) is the 
small first shirt, to be madi^ 
of either Hannel or shirting. i 
CVnnbinations w’ould, hovv- 
tw^er. still he retaiiu'd, and 
knickers or pants would h(‘ the sam 
33, with a slight increase of size, 
ilejiict two Fri'nch sliapes hn- the 
which may he comrnendi'd to the notice of 
mothers. Tlie first is across between a chmnise 
and a shirt, which may he recommended for 
summer, whilst the latter, combining the advan- 
tages of the shirt and eom bination, is advisable 
for winter wear, ddiis latter shape, with the 
lt;g portion furtho]’ lengthened, th 

wlee})ing-suit. 

In {(}) is slunvn a Russian 
tuni(\ wliieli is worn over 
small knickers, and can be 
))la.in or pleated, as preferre<l. 

(/) di^piets the same pattern, 
only ma^h^ to fasten in the 
centre. This is a very suit- 
able style for boys from four 
to six yeai’s of ag(*. 

Tlireo things arc necessary 
to this snit~?jr., the collar, 
tie, and the belt, whilst a 
fourth may also be added - 
the ea]), A\hich is of the 
“ Tarn ” order, for outdoor 
wear, d’hc suit may be made 
of any material, and any 
suitable colour. The suit can 
also be w'OJ*n by older boys, 
when a plain Eton collar is 
best . The belt should be of 
leather, with a large plain 
buckle. 

In (i) we have ca Scotch 
kilt suit. For the making 
of this, see directions for kilt in the pre- 
vious course [page 40,53). It may, liowever, ho 
remarked tJiat the kilt should be fuller, and can 
w(‘ll liave throe widths of material. (A kilt for 
an adult Scot measures, on an average, seven 
yards round.) If made with a plain front it 
should bo made to lap over the full width of this 
plain pai’t, and thus be double where required. 
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For the making of the coat and waistcoat, 
see Tailoring for Women and Children 
(page IHOJ, all that is necessary being to cut 
the pattern without allowing inlays, if rcquiri'd 
for the smaller size. 

A Man-o’-War Suit. In (g) wo have the 
suit cut exactly on the lines of that of a Jack 
Tar. From a hygienic point of view this is by 
fjir the best sailor style for the tiny boy, beeauM 
the blouse, or jumper,” as it is technically 
known, is cut somewhat 
long, so as to bo tucked 
into the w'aist part of tlu* 
trousers, which are cut with 
a fall-front, and thus affords; 
mon? w^armth than the or- 
dinary blouse gathered into 
an elastic. 

(e) shows a blouse fastened 
over in the manner of a 
short Breton coat, which 
makes a warm wrap. In 
the American fashion it 
fastens over in the opposite 
(//) illustrates a removable sailor 
ollar, the semi-circnlar piece at the back keep- 
ing this in position. From six years of age and 
onwards th(‘ coat and knickers, as W(‘ll as the 
Norfolk and other suits which are deserilxnl in 
Tailoring) page 1752], can be worn. With regard 
to his out-of-door attire, tin? small boy looks very 
well in a (unie coat, cut on similar lines to that 
sketched in 36. made of cloth, velveteen, or cordu- 
roy velvet, with leather belt and large squan* 
buckle. Another stylo would 
be the sacque coat, cut the 
same (is in 32, only less full in 
the skirt portion, and made* 
singki or double-breasted, as 
preferred. This can be accom- 
panied by two or three gradu- 
ated ca^xis, highwayman 
fashion, and a tricorn hat. 

The reefer coat is a very suit 
able accompaniment to the 
man-o’-war suit shown in 36. 

Later on the little boy may 
quite well be clad in an over- 
coat with a step-collar, with 
( 'hestcrfield or donhle- 
breasted fronts, for wdiicli 
full description as to drafting 
and making are given in 
Boys’ Suits ) page 1754 ). The 
system of drafting there given 
will answer for this with the 
necessary alterations of dies I 
and length measure. In many 
cases the drafting will do 
perfectly for the smaller size, 
if cut without allowing inlays, llio making d 
such an overcoat will be exactly the same as for 
the larger size. If required double-breasted, and 
to fasten with buttons and buttonholes instead 
of a fly- front, an extra two inches must be allow ( d 
for the lap-over, whilst the fronts would he made 
described for the Norfolk coat. 
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By C. DUNCAN CROSS 


VV/E have seen how a man may rise from 
^ private to warrant rank. We now come 
to the career of a soldier who joins the S<'rvice 
as an officer. 

To bo eligible, the young man must attain to 
certain physical requirements. His chest mea- 
surement and height must accord with the figures 
given in the following table ; his eyesight must 
1 k^ good, and his hearing perfect. Tfis teeth are 
(Nirefully examined. More than ten lost or de- 
cayed will disqualify him, though a decayed 
tooth well stopped is counted as sound. 


Ane last 

without 

Ch.'H 


Itii thdiiy. 

iillOOH. ' 

CIilli when 

Uaiim* of 

18 

62 and under 6.5 ' 
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b5 1 

2 


72 and upwards 
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19 

62 i and under 65 

35 
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o5 
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70 „ 72 

72 and upwariis 

36 
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Ho will choose first of all which of the two 
great divisions of the Army he desires to enter. 
If he has a strong taste for engineering, for 
mathematics, and for the applied sciences, he 
will do well to choose the Royal KnginofTs or 
the Royal Artillery, through the Royal Military 
Academy. Or, if he prefer, he will ciiUt the 
(Cavalry, the Infantry, or the Army Herviee 
('orps, through the Royal Military College, 
Sandhurst. 

The Royal Military Academy. Wo 

shall consider first the Royal ^tilitary Aeadcmy, 
or, as it is called, “ the Shop.” 

Admission is gained by open competitive 
examination (fee, £2 in London, £3 in Dublin), 
held in June and NovcmlxT each year. The 
candidate must bo between 18 and 19J years 
of age. He must produce cither a leaving ceiiifi- 
oale from one of the accepted sources, such as 
the Oxford and Cambridge Schools Examination 
Board, the Universities of London or Birmingham, 
the Oxford or Cambridge Local Examination 
Board (in Scotland the Scottish Education 
Department, and in Wales the Central Welsh 
Board for Intermediate Education), or he must 
produce a “ qualif3dng ” certificate, for which 
he is examined by an Army qualifying board 
in English, English history and geography, 
elementary mathematics, and two out of the 
following three subjects : Science ; French or 
German ; Latin or Greek. Or he can produce 
an “ exempting ” certific^ate showing that he has 
passed certain other Civil Service examinations 
of an equal or greater severity. 


The subjects of the entrance examination are as 
follow : 

COMPULvSOIlY Srn.IEdTS 
Kngmsii. R'isay, preoi.s writinfi, and reproduction 
of pa8.sagcs read. 

Frknch or (iRRMAN. Translation into and from, 
conversation, and an essay. 

Mathematics I. Aritlnnclic, geometry, Euelifl I. to 
VM., nlgohra, a knowledge of simple trigonometry, 
simple statics and dynamics. 

And two of the following : 

OPTIONAL SUn.JEtJTS 

Mathematk^s II. Inehiding mathematics I. (uhove), 
with solid geometry, Euclid (Book XI.), advanced 
algebra, tlifferential and integral calcuhi:;, co- 
ordinate geomt'try, elementary statics »>£ licpiids 
an<l gases. 

History. A general paper, a period or a general 
]»aper on ancient history, a military biography. 
Oermax or Errxjti. Other than the language 
.^elei'ted in coin]>ulsorV subjects. 

Latin or Orrkk. Translation into and fnnn, 
Latin vi'rse or Homan litin-ature. 

S«TEN(*K. An examination to te.st a general know- 
ledge of physics and (diemistry. 

Physical Standard, Should the applicant 
prove successful in the examination, it will bo 
neecBsary for him to pass a severe medical test 
before he can bo accepted. To minimise tho 
possibility of failure now, with its consequent 
•waste of time and money, ho may apply to 
the Secretary, War Office, for a preliminary 
medical examination (fee, £2 2s.), in whicK 
case arrangements will bo made witli a medical 
board at the military station nearest to tlio 
applicant’s residence. This preliminary ex- 
amination is in no way linaJ, and binds the 
War Office neither to take nor reject the 
candidate, the final examination being the 
rcfiort on which his physiiuil condition is con- 
sidered. Should the final medical examination 
be unsatisfactory, an appeal may bo made 
for a further inquiry into tho applicant's health, 
in which case a fee of £4 4s. must be deposited 
in advance. This will lie returned should tho 
appeal be found to be justified. 

Cadetship. The medical board safely passed, 
the candidate is then enfered as a cadet. The 
fees range from £40 to £80 for tho sons of officers, 
retired officers, and a few ])rivileged persons, 
according to the rank of the father ; for the 
son of a private gentleman the fee is £150, 
A few King’s cadets (sons of officers who have 
died on service) are educated free of charge. 
Beyond this, for other than King’s cadets, at the 
beginning of the course a sum of £35 must bo 
paid for uniform, books, etc., and again at the 
beginning of the third term a further sum of £15. 

An allowance of 3s. a day is made to each 
cadet in aid of exiienses of uniform, messing, 
washing, etc., but a further allowance from the 
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parent ifl necosMary, With economy on tlie part 
of the cadet, tW a year will suffice for pocket- 
money, travelling find other expenses. 

The course of insti uction extends oyer two 
years, divided into four terms, ami includes 
the following subjects: 

Mathematics and mechanics, artillery, military 
(‘ngineering, practical g<‘ometry, military topo- 
graphy and freehand drawing, military history 
and tactics, electricity and magnetism, chemistry 
and physics, French and fJerman, military law 
and ink'.rior economy, infantry drill, riding, 
gymnastics, signalling, workshops. 

Every half-y<^ar the cad(‘t is examim;d by the 
staff of* t he Academy, and by (mtsidt^ examimas 
at the end of <‘ach year. A certain ])erc(‘nta.go 
of marks must b(‘ gaim'd or tlie cach't loses th<^ 
term and forfeits all claim to choice of eorj>s, 
and, if the, same thing sliould ha.])pen again 
he is removed from th(^ Academy. 

A Commission. At the end of tw'o years, 
supposing him tr. hav(^ reached the Fourth ('lass 
.Old pass<*d his Hnal t‘xamination su<*eessfully, 
the cadet is gazetti'd to a sec«)nd lumtenant’s 
commission in tlie Arlilha y or the Engini‘ers. 

'rhe Royal Military ('ollcgc {Sa.ndhurst) is an 
institution similar in chai'acter t«) “■ (li(‘ Sh >]).’' 
Its function is the training of otticers for the 
cavalry, thii infantry, ami the Army S<‘rvice 
Corps. 'Fhe ((ualitications ami c{‘rtilicates are tlie 
same as those necessary for th<; Academy ami the 
course, consists of four terms normally, though, 
pending the (Milargiunent of the college, a t<un- 
porary two-tmiu course has been adopt<‘d. The 
course; is less strenuous tha,n that of the Military 
Academy, gunnery, chemistry aiul physics, and 
workshop practiiu; being omitted, and tlie cadets 
go into camp for thre<; weeks in the summer. 

Passing Out. When the final examination 
is passed and the candidate passes out of the 
Academy, tin; ehoioc; of corps, so far as vacancies 
permit, is given to those who have passed out 
liiglu'st in the order of merit at the final exam- 
inat ion ; but those eandidatc's w ho are recom- 
mended for tlic Royal Artillery are given the 
opportunity of choosing whether they prefer 
the Fu^ld Artillery or the (larrison xVrtillery. 
Provided he has distinguished hims<‘lf in riding. 


horsemanship, and Field Artillery drills, the 
cadet who desires it will ho posted to the Field 
Artillery, from whose ranks are selected the best 
riders and the smartest officers for the Horse 
Artilleiy. 

Til passing from the Military (/ollego, sele(*tion 
is made among the sueccssful candidates as 
follows. Tile eavalry ciwlets are appointed to 
British cavalry, and after their claims have been 
satistied, tin; remaining commissions are thrown 
open to otlu'i- cadets w^ho desire them, and ai<‘ 
allot t<;d in order of merit. As to the infantry, 
cadets having sjK^eial or territorial connection 
with certain regiments should apply before the 
ex.aminat ion to the Military Secretary through 
the commandant of the College. Occasionally, 
if the claim is a very strong one and no vacancy 
exists, the cadet is allowed to wait, hut in no ca^<> 
may he wait more tlian six months, (/andi(]ate^ 
without s])ecia.l claims may ap])ly for special 
regiments, but (hey are not allow^ed to wait 
should there lx; no vacancy. In due course tin* 
succt‘ssful on ndiilate’s name ap])ears in tli<‘ 
“ (hv/tdte, ’ he. rcciuves from the Militaiy Secre- 
tary a confirmation by letter, and from IIk- 
Adjiitant-t Jiniaal orders to join his battalion. 

'rh<‘ cas(‘ of a cadet joining the Indian Army 
is treated seiiarately. 

University Men. A (certain number of 
commissions are given to students at tiie 
great universities who are between the ages of 
t wenty and tw'enty-fiv'c and who have graduated 
in any of the approved subjoi^ts (except 
tlu'ology, medicine, music, or commerce;). A 
student passing with lirst-elass honours is 
entitled to count one; year's seniority for it. 
A candidate for the Royal Artillery must show 
that he has (qualified in the same mathematical 
subjects as are required in the entrance examina- 
tion for the Royal Military Academy. Tlii‘ 
further qualifications reeiuired of all iiniversily 
students arc that they shall have been attached 
for training to a Regular unit during the previous 
two years, and that they can obtain qualifying 
marks ( o in the aggregate) in military history 
and strategy, tacjtics, military engineering and 
topogi’aphy, military law, and military admini- 
stration. 
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laeut., £70 a year. 

i Rising Is. 6d. a day for every five years served, 
tin admtipn, A.S.C. “Cuiw Pay,” U.-Col., rts. ; Major, 
Lieiit., 2*> 6d. a day. 


Capt., Os. ; Lieut, and Secomi Liciit., 4s. a day. 
Maj»>r, £1 70 ; Capt., £140 ; LieuL and Second 


.'is. 4d. ; Capt., 49. ; Lieut., .3s. 6d. ; Second 
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Officers of the Militia and the Imperial 
Yeomanry are also admitted on similar condi- 
tionsy provided they have served for two annual 
trainings, have been attached to a Regular 
unit for instruction in drill, discipline, interior 
economy, musketry, signalling, and practical 
tactics, and are recommended by their com- 
manding officers. Further, they must produce 
the “ leaving or qualifying certificate before 
mentioned. 

Equipment. The cost t o a newly appointed 
lieutenant, including private clothes, etc., in a Line 
regiment of infantry will be not far short of 
£100, and in the cavalry close upon £250. The 
equipment, such as revolver, field-glasses, 
saddlery, etc., can be bought either at Govern- 
ment price from the Ordnance Department, or 
privately. In the Foot Guards and Household 
(Cavalry the outlay is naturally greater. It 
may be said that a second lieutenant in the 
Infantry of the Line should have at least £100 
and in the cavalry £200 a year of his own. 
Even this will mean cutting down personal 
expenses to a minimum. 

Promotion. As second lieutenant ho must, 
before promotion to lieutenant, pass a simple pro- 
fessional examination in regimental duties, which 
is based on the ** King’s Regulations,” the Army 
books and forms in use, the Pay Warrant, 
“ Equipment Regulations,” and, in the case of 
foreign service, on the special Army Regulations 
laid down for the particular country in which 
he is serving. The examination divides itself 
into four heads : 

1. Disciplink. (ieneral iiistru( tit»ns ; administra- 
tion ; courts of inquiry ; dosorters ; and disposal 
of prisoners. 

2. Duties. Roster of dut ies ; garrison and field 
duties ; compliments ; guards and sentries ; 
military funerals ; duties in aid of eiv'il antlioriti(‘s. 

if. iNTEnioK Economy. OlUeevs and N.CJ.O.’s ; 
system of kee'ping neeounts, books, un<l returns for 
squadron, battery, or company ; system of pay- 
ment, messing, and supply of necessaries for same ; 
])ay of N.O.O.’s and transfer and diseharge, of 
soldiers. 

4. MT.srKLi.ANEOU.s Ineohmation. The metliod of 
supplying troops in quarters and in the field ; a 
junior officer’s duties in eoiineetion with the move- 
ment of troops by land and si’a ; detail of carrying 
.irms and equipment (for the cavalry, the iletail t)f 
sadtllery, the fitting of sudillo and bridle, etc.). 

Practical Test. In addition, there is a 
practical examination in the field to be pa.s8ed. 
The candidate is required, in addition to 
giving the words of command, to explain 
clearly and simply the movement he orders 
f'O be performed. In the cavalry, the exami- 
nation is based on “(Cavalry Training” and 
the “Musketry Regulations,” and comprises 
a knowledge of 

Drii.ls. Military equitation ; the instruction of a 
soldier mounted and on foot ; and the capacity to 
command a squadroti on parade or in the field. 
Musketry. Instruction of tlic recruit ; preliminuiy 
drill and practice ; field firing and dismouiite<l 
practice vith horses ; musketry returns. 
Miscellaneous subjtfcts from “ (’avalry Training.” 

Artillery. In the Artillery the examination 
IS rather more complicated. The range of books 
required also wider. It includes “ Cavalry 
Training,” “ Field Artillery Training,” “ Rifle 


Exercises and Infantry Training,” “ Infantry 
Training,” and the ” Handbook of the Gun,” 
“Instruction for Practice, Horse, Field, and 
Mountain Artillery.” 

Hero is the syllabus of the examination : 
Drills and Kxeiu’Isk.s. Jnstruchon of diHinountoil 
men ; oquitaiiion, stable duties, and driving ; drills, 
maiueuviVH, and ceremonial observances ; rifle and 
)istol exercise ; guards ; s(H*tion gun drill ; guii- 
aying — sights, tangent, and ti4escopic ; indiri'ct 
laving and the use of tlie elinometer ; car(3 and 
adjustment of sights ; the laying of a gun under 
conqietit ion condit ions. 

Kquh’Ment. Taking to ]>ieces fittings of guns and 
ctarriages, and the (ixplanation of their nsas ; 
kiu»wdcdg<3 of tlie parts of gun-carriages likely to 
sutler from wear, ill-nsago, or service conditions ; 
explanation of the eoiistriiction and action of 
various projectiles; the action of fuses ; preparation 
charges and the setting of the fuse. 

PuA<‘TicE. A gcaieral knowledge of Chapter \V, of 
“Field Artillery Training.” 

The examination for coast defence companies 
is similar, but deals more with the work 
of a coast defence section of artillery — the 
construction of heavy guns, their lilting and 
adjustment, and so forth. The hooks on which 
the examination is hast'd arc ‘‘ Infantry Train- 
ing,” parts I. and 11. ; “ Handbook of the Gun ” ; 
“ (Larrison Artillery Training,” V\)ls. I., TL, and 
111.; and “Instruction for Practice Seawards.” 

For siege companies and heavy batteries the 
examination is much the same as for coast 
defence companies, but in relation to siege guns 
particularly. The books rt'quirt'd are “ Infantry 
Training,” “Sieges Artillery Drill,” and “ Heavy 
Artillery Training.” 

Engineers and Infantry. For engineers 
and infantry the examination is quite simple, 
and is based on “ Infantry Training,” “ Com- 
bined Training,” and tbo “Musketry Regu- 
lations.” The following are tlu^ subjects : 

Drill. Sipnul and compniiy drill ; lo (Mimniaiul a 
company in battalion drill. 

Exekciseh. Rifle ami firing cxercisos ; advanced 
guarils and rear guards ; outposts and skirmishing ; 
tho company in attack and defence ; <*crcmonial. 
Musketry. Instruction of tin* recniit ; preliminary 
ilrill and ])rm*tiee ; the making up of drill and 
])ra(!tiee returns. 

The Army Service (’orps examination is 
practically the same as that for infantry and 
engineers, e.xeept that under the heading of 
“ Drills ” comes knowledge of corps duties from 
“A.S.C. Training,” and instead of “Exercises” 
is carbine exercise and niaiuud and tiring 
ext‘rcises. 

Promotion to Captain. The next stage 
in the lieutenant’s career is promotion to cap- 
tain. This comes by seniority, with a certain 
amount of selection in the case of a particularly 
desirable officer. It is possible to prepare for this, 
but more usually a tutor is employed for a month 
at a cost of twelve to fourteen guineas. In any 
ease, ho must pass a searching test in (i.) Practi- 
cal military topography ; (ii.) practical military 
engineering; (hi. j practical tactics ; (iv.) riding; 
and, if he belong to a mounted branch, (v.) hoi-se- 
mastership, which includes horsehroaking. veter- 
inary knowledge, and, indeed, a comprehensive 
knowleilge of the whole subjec t. Beyond this lies 
a theoretical acquaintance with military law, 
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engineering, tactics and topography, adminis- 
tration, organisation and equipment, and 
militai’y liistory. A candidate fo7’ a captaincy 
in till) artillery must in addition ptuss in 
artillery, and in the A.S.C. will be tested in 
the varied duties wliich fall to the oflicers of 
that branch. 

Higher Staff Appointments. As cap- 
tain ho will, if he he an ambit ions man, try to 
enter the Stall College, which, after a two- 
years’ course, will make him eligible for higher 
stall’ appointments. There is also the reeently 
ereatcil general staff which will attract the most 
brilliant soldier to its ranks. To prepare for the 
entrance examination a tutor (eost about £40) is 
necessary. On the other hand, he may prefer to 
remain with his I'egimi'nt, in which case seniority 
will <;arry him to senior major, llefore promotion 
to lieu tenant-colonel he will liave to show in 
the Held his ability to handle mixed forces of 
all arms of the Service which will he }>lacod 
under his command, to take part in stall rides and 
Avar gamt'S, and gmerally to prove by ])r:ietical 
demonstration that he can not only command 
mi'n, hut that he has also tliose highiM’ quali- 
tii's Avhieli make the successful tactician and 
strut (‘gist. 

Among the side avenues (.if I ho Army the 
Royal Army Medical Corps the Veterinary 
S(‘rvice Corps, the religious, and the seh(.ilastie 
branches olfer many advantages to men of 
special training. As those are of purely l(H*hniea.l 
interest, and appeal only to men with special 
civilian training they may be dismissed with the 
statement that to enter them a proof of pro- 
fessional capability is required in the form of a 
diploma, and that promotion comes by seniority 
and length of service. 

The Indian Army. On passing out of 
the Military College the cadet is gazetted as 
second lieutenant on the unattaclied list,, and 
is appointed to a British reginiont serving in 
India, From the date of his first commission 
to the date of his arrival in India he receives 
the British pay of his rank. At the exjhra- 
tion of one year’s actual duty with the 
British regiment, should he prove satisfaet-ory, 
he is admitted to the Indian .Army with the 
rank of second lieutenant, and appointed 
to a nativ(‘ regiment. Jfere his position is 
inlinitely more, responsible than that of second 
lieutenant in the British Service, lie has native 
oflicers of many years’ sorvieo under him, and his 
pay —considering the cheapness of native ser- 
vants, and the loAvor standard of expense 
generally obtaining in the Indian Service — is 
more adequate. Within two years and three 
months from Ivis first commission ho must pass 
an examination in Urdu by the lower standard, 

1 then 1)0 pr(^motcd to lieutenant. 

Withm three years of his admission to the Indian 
Army he must pass the higher standard of Urdu, 
for until that is done he is not eligible for any 
higher apfiointmcnt than Sipiadron or double 


fUAmpany oflicor. When the direct supply of 
officers from Sandhurst fails, officers are draAvn 
direct from volunteers from British regiments. 

In addition to the Urdu examination, officers 
are reqnirotl to pass another examination in tlio 
language chieHy spoken by the men of their 
regiments. There is also a simple professional 
examination. 

Promotion. Promotion in the Indian Army 
(subject to the passing the examinati(_)n) is regii- 
lat<‘d by length of service. As we have seen, aRer 
27 months a second lieutenant is promot/cd tx> lieu- 
tenant ; after nine years he becomes a captain ; 
after IS years, a major ; and after 26 years a, 
lieutenant-eolonel. It may, however, bo aeeeler 
ated Avith luck by a brilliant man. A major 
may bo promoted to lieutenant-cokmel whoii 
he is appointed to command a regiment, oj* 
battalion, or an appointnient which would carry 
the snhstantive rank of colonel if the (^rticci' 
wore (pialiliod for that rank ; find in one or two 
other eases. 

A lieutenant-eolom'l reaches the rank of col(An( l 
in similar fashion on comple tion of three years' 
s(‘rviec in eoininandof a. battalion or reginn'iit, on 
completion of six years' ser vice as hievet lieu- 
tenant eolon(‘l in a military appointment, oi- 
by holding certain analogous positieuis. 

Promotion to the rank of major-general is 
made by selection. In the same fashion is 
promotion to one of the five lieutenant-genera l - 
sliips. Last of all, a?)ove this come the thre(» 
generalships by seniority after three years 
or more as lieutenant-general. 

The Egyptian Army. Officers of tin* 
British Army desirous of joining the Kgyjitian 
Army must apply through their coloml 
to the Adjutant-deneral of the Fgyi)tian 
Army, Khartoum. Officers must be over 25 
years of age, unmarried, must be good horsemen, 
and must obtain a medical certitioate that their 
health is equal to service in a tropical climate. 
Tlioy must have had five years as commissioned 
officers, and must have passed for the rank 
higher than that wliieh they hold. 

On.aeeeptaneo they join the Army as bimbashis 
(majors), or a higher rank if their position in the 
Britisli Service warrants it. After three months' 
probation with ca native regiment their pay is at 
the rate of £.540 a year. They then sign an 
agreement for tAvo years, during which time the.A 
learn Arabic and the vernacular spoken by thoii' 
command. The agreement on expiration nia\ 
b(' extended by tAVo years, later by thr(‘<* 
yearn, and again by three years up to 10 years, 
by Avliieli time the rank of kaimakam (coloix l) 
will have been reached with salaries of £720 m 
J^oar. 

For men Avho can stand the strain of the climate, 
and who arc willing to cut themselves off from 
home and friends, the Indian and Egy]>H'i’' 
Armies offer exceptional chances both in tlc‘ 
good rate of pay and the opportunities of ei\il 
and staff appointments to which they lead. 


Army con-clnded ; jolUnved by 
Navy 
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Design Drawings. We pvc in thin 
lesson a seriert of draAvinj^s illustrating tJio art. of 
machine design. Fig. 133 is a design drawing 
of a l,2()0-hois(^ po\v(‘r mill engine. It is a iyineal 
exam))le of the class of <lraAving usually made 
to accompany a temha*, for no attejiipt is made 
to .show d<‘ta.ils or ,se<tional vi(‘ws, tiie object 
a,imed at being to pi*oduce an attractive-looking 
draAving mad<‘ to s< Mh‘. ami fnAm Avhi<‘h the over- 
all dimensions may h(* takt n. In acliuil practice; 
such a draAving is set out by an ex]>eriene(‘d 
draughtsman; hut the stuck nl has much to ga.in 
by copying it. and stmlying the. proportions and 
])ositions of the various ])arts, for it is from such 
d(‘.sigo draAvings tJiat the working, or detail, 
draAvings are deduced. Foremost, Avill he noticed 
the ro])e aa Ium^I, Avit h its grooves for the driving 


The lever I) is for Avorking tJie air-puni]) K. 
It ree(‘ives motion from one of the piston-rod 
cros.shcads, and is pivot(‘d on a hrackc't bolted to 
one of the back columns. The air-pump itst'lf 
is bolted to the becl])latc‘, and also to the column. 
The air-pump is connected with the low-pre.ssurc 
(‘ylinder (M)y the ])ij)e F, and its function is t(> 
maintain a vacuum for that cylinder to exhaust 
into. A note on air-pump levers Avill be found on 
page 82S in Mechanic AO FNCiiNKKtiiNC. 

'Phe outline of the cylinders tluuuselves does not 
a])p(‘ar, as tliey are siirronnded Avith lagging 
strips. TM(j(jin.<j consists of Avrap])ing the cyliii- 
d(‘r Avitli asbestos mattvc'sses, or similar noii- 
eonchieting material, in oialer to prevent loss 
of beat, tlie mattress('s bcung kc‘])t in phme by 
strips of wood and brass bands, or alternatively 
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ropes [see page 342S foj* section of groove], and 
the opening ent in the* ground for the reception of 
thc^ Avheel. It is necessary to provide a bearing 
for the shaft on the oiitsicle of the wheel in order 
to aA^oid the tremendous loacl whieh woidd 
otheiAvi.se come on tJie shaft, duo to the o\u*r- 
hang of tlic; wheel. 'Phere are three cylinders, 
A, B, and F, supjiorted upon front and hack 
columns from the bedplate ; the front eohimn.s are 
(‘ircular, but llio back onc?s are shaped to carry 
the crosshead guide's, and arc east in holloAv 
J’ec'tangidar sc'ction. The uppew ends of (he 
columns have flanges east, on to meet the fc'ct. 
of the eyiindc^rs. The lower ends are splayc^d 
out in order to clear the conneeling-rod heads, 
and liave flanges to m(;et facings on the bedplate. 


by thin sheets of stec'l. The valve-chests are 
similarly lagged. Belic'f vaivc's, G, IT, I, are 
shoAvn on the Cylinder covers, and also upon the 
high prc'ssure and intc'rrnediate valvo-cdu^st covers 
J and K. TJie relative positions of the cranks 
are seen in thc.‘ end elevation, and are projeeted 
in tlie side elc^vatioii. A liearing is arranged 
upon each side of eacTi crank, and a solid forged 
coupling, L, connects the crank-shaft to the 
pullc'v-shaft. The Avewking floor level is raised 
above the foundation line, so as to give c'asy 
access to the bearings and cranks. Two plat- 
forms arc built around the engine at suitable 
levels to facilitate attention to the working parts, 
the upper platform serving for the cylinder and 
valve covers, etc., Avhile tiu' loAA'cr platform is for 
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the glands and bottom eovers. I^acldors and 
handrails are provided as shown in drawing. 

General Drawings. Another class of 
drawing is sJiown in 134. which is V(‘ry similar to 
the preceding example, but presc^nls much more 
detail. It is a (jcneral (trravfjetncnf drawimj, made 
after the dcd ails have been w orkt'd out on se])aratt' 
slieets, and it servc‘s as a guide for the eomj^letc 
assembly and erection of th<* macliine. '^Phe 
foundation blocks are fully dimensioned in the 
side elevation, and the holding- 


Detail Drawings. Tho drawings from 
which machines arc actually manufactured an*, 
termed detail diawings*^ each part of tho macliiiu' 
bidng fully delineated and dimensioned upon 
one or more sliccts. Castings have a sheet to 
thernsedves, forgings have a separate sheet, plating 
another, and so forth, the object being to i)ro- 
vide each Avork's department with drawings that 
eoneern the department alone. Tho principal 
detail drawing is the one which depicts th(‘ 
main framework of tho machine. Framings arc* 
made of various metals and in various forms. 
Machine tools and engines are invariably built 
with cast-iron frames, although exceptions are tr) 
be found, the chief virtue in such frames being 
rigidity, a factor that- cannot bo calculated in 
anything like an exact manner. There is 
perhaps no other part that requires so miicli 
.sound judgment and (‘xperience in order to pio- 
duce satisfai^tory results. The earlier designers 
of engine frames, et(\, aspired to architectural 
outline.s a!id ornamentations ; but increasing 
steam pressures, greater outputs, and cIoscm* 
economy, have resulted in the adoption of 



134. OETSICUAL ARll.^NGEMENT OF 15-TON DEKRICK CRANE 


crane-mast; such a foundation is sn b.staiit ial 
and permanent, but very frequently, however, 
this typo of crane has only temporary founda- 
tions, such as timber Heatings and weiuhts 
simply laid across the ends of the sleepers. The 
niast is furnished with top and bottom pivot 
pins, and the back stays support the top pivot. 
The crane gearing is seen in position at the 
lower end of the mast ; there is a train of 
spur gear from the handle shaft B, oonneeting 
to tho barrel (1, which coils the hoisting-chain. 
A clutch, 1), and gears, K, couple the hoisting 
barrel C to the barrel F, upon W'hich is coiled 
another chain, which varies tho radius of the 
jib by altering the length of the ties 0, this 
movement being termed derrieking, or luffing, 
die jib. The revolving, or slewing gear is arranged 
behind the mast and consists of spur and bevel 
gear, connecting to the curb ring H, which is 
Ixilted to the bedplate underneath the mast. 
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scientific lines of construction. Smooth outlines, 
easy curves, and even disposition of metal are now 
aimed at. Tho same may be said of macliim' 
tools generally. Other frames, such as cranes 
and overhead travellers, are built of mild steel ; 
and, althougli experience is necessary in ordei- 
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ORAWINQ 


to cloKign thorn, their proportions can bo definitely 
calculated by estimating stresses, etc. 

Vertical Engine Frame. Two views 
taken from a detail drawinj of a vertical 
engine frame are given in 135 ; the construction 
is similar to 133, but is for a smaller engine. The 
front supi)orting columns .are of mild steel, ami 
are cottared into a boss cast on the Iwxlplato. 

back (Column is sliown in section, as w^t^ll as 
in face elevation, the bearings for the air-pump 
lever and the bracket for the air-pump itself 
1 icing shown in position. A table is given on 
page 4202 of tln^ approximate leading dimen- 
sions of (his class of engine frame, which will be 
tisefiil to the student. There are many variations 
in the outlines and sections of sueli frames ; they 
are also made for single, doub'c', tri])Ie, and 


from foundations, as well as b(*ing held by the 
ends of the guides. Tlio main bearings are 
formed in the frame in a similar manner as they 
are formed in the bedplate of the pievioiis 
example. It is usual to detail the bearings 
sepai*atcly. The ])iston-rod glands are arranged 
in the ends of the guides, but- they are also 
frequently mad(i part of the cylinder easting. 
Hesses are formed for the foundation bolts, and 
extend the full depth of the framework, wherever 
they occur ; the centre boss(‘s are provkled with 
ribs connecting them to the side walls. Holt- 
bosses are also madt^ on the end of the frames 
for coupling up (o the cylinders. 'Phe guides liav(' 
facings top and l)ottf)m, bored out for th(i i ross- 
head to bear against. We give a t abh’; of appi o x i - 
mate over-all dimensions for this class of frame 



135. FKtMK FOR A VERTICAL EXCiTNE 


quadruple cylinders. When largo engines are to 
he built, it is usual to replace the front columns 
hy rectanguhar eastings similar to the back ones, 
double slides being tluis provided for the eross- 
hearl, but the (‘hief i-eason for the moditication 
is to provide better and more subst ant ial suj)ports 
for the heavy cylinders above. The (‘iigiiu^ shov^ n 
[135] has provision for the governor (J, and an 
extended bed]ilate with outer bearing for a belt 
drive ; the cylinder is Ifi in. in diameter by 24 in. 
stroke. 

Horixonial Engine Frame. Fig. 138 
illustrates a detail drawing of a pair of frames 
for a horizontal compouml engine. Each frame 
consists of a single member, rectangular in section 
and of cast iron ; the guides arc forme<l in the 
same casting, and arc cylindrical, having openings 
on each side. The li ft hand frame is for the 
high pressure cylinder, and the right hand for 
the low pressure, each cylinder being supported 


on page 4202, but it will be understood that many 
variations occur with dificrent manufacturers. 

Steam Hammer Frame. A detail 
drawing of a frame for a steam hammer is given 
in 138. Tlui views presented comprise a side 
elevation, a back elevation, a plan of the top, 
two sections, and separate details of bosses. 
11ie head of (he frame is arranged to receive a 
s((uare boK , which is coKared in place ; the upper 
end of the bolt j)asscs tlirough tho foot of the 
hammer cylinder, as well as tho two outer bolts, 
and holds it down with a nut in tho usual way ; 
(here are two such frames, one on each side of the 
liammer block. The section of ilie freane is 
dilferent to the preceding engine frames, it being 
what is termed H section instead of a hollow 
rectangle ; the inner flange throughout is heavier 
than the outer one, it being subjected to severe 
compressive shocks ; three cross ribs arc 
arranged to tie the dangers together, and to stiffen 




136. FRAME FOR A ‘ia-C’NVT. STEAM HAMMER 


tUo web plate The iapc'r allowed on the flanges 
is considerable, and large radii are put in the 
corners. This is dom^ in order to ensure a sound 
easting, free from initial stress due to eontraetion, 
and also to enable tlie pattern to be drawn easily 
from the mould, and so produce a smooth outline. 
I’lie front of the frame at 
the bottom of the hammer 
guides is specially heavy, 
to prevent fracture at this 
point, ^riic bosses are h^r 
the pivot ])ins of the work- 
ing levers. The base of the 
frame is provided with 
facing strips and bosses 
for the foundation bolts, 
and the holes are slotted 
so as to p(‘rmit adjustment 
endwise. 'I’ho slope of the 
upper part (^f the frame is 
obtained by prolonging the 
line, as shown [135], until 
it fonns a tangent, with 
the inside radius of the 
lowt^r pari. The drawing is 
I'eproduced from an actual 
working drawing supplied 
by Messrs. Thwaites Bros., 
of Bradford, Ydrkshiro. 
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Machine Tool 
Frames. Outlines of 
machine tool frames 
will be found on pagt's 
20G and 207 in Mecha- 
nical Enoineerinc, 
and further examples 
are given under 
Machine Tools. We 
amplify these by 137, 
which is a drawing of 
a bar shearing machine, 
driven by an engine 
carried upon the frame 
work. "Ihc frame is in 
lialves, bolted at to}) 
and bottom, and is in 
hollow form, with an 
opening at the centre 
for the gearing ; bosses 
are cast on the up^xT 
part to carry the engin<‘ 
shaft, whieli is shown 
in position with tin* 
two fly-wlieels. Then^ 
are tw^o spur-gear r« - 
duotions from tlu^ 
engine shaft to the 
e eentric shaft, which 
()perate.s the moving 
cutter. The metal is 
massed around the jaw 
which receives the cut- 
ters, the top and hot tom 
of the jaw having enor- 
mous strength to witli- 
stand the reaction of 
shearing without yield- 
ing. A biaeket and 
facing are provided for the steam cylinder, whith 
is 8 in. diameter by 12-in. stroke. The machiin^ 
will shear up to 2-in. square bars on cither sidi‘. 

Mild Steel Frames. Mild steel frames 
are not used for machine tools proper on 
account of their elasticity and consequent 




Drawing 



138. FR\:V1K FOR A HORIZONTAL ENTONR 


lack of rigidity ; they do, however, enter into 
the couBtruetion of many applianees used by 
engineers, and in sueli appliances Iiave a far 
greater v.aluo than east-iron frames. f.,oeo- 
motive frames, carriage frann's, large* crane 
frames, furnace charging machines, etc., are 
examples in which cast iron would be a failure. 
Ihg. 139 illustrates the steel frame of an over- 
head traveller as used in most engineers’ sliops. 
It consists of a pair of girders, A and B, secured 
to two cradles, C and D, whicli are mounted 
npon double-flanged wheels. 'I’hese wheels arc 
set to run upon rails which are built on the 
side walls or columns of the shop. '^I’he girder-s 
A and B are provided with rails which form 
the track for a trolley or crab, which is fitted 
jvith hoisting mechanism and necessary tac’kle. 
The machine is driven electrically, a separate 
nxotor being applied to each movement. The 
example [IM] is for a high-speed electric 
traveller, and it is therefore specially braced 
to meet the stresses due to inertia in starting 


and stopping. The auxiliary girdtu's E and F 
are stayed to the main girders \ and B by 
bracing bars on the lower boom in such a way 
as to afford them lattTal support; the upper 
booms have clie(|uer jxlates coniieetiiig them 
instea^l of bracing bars, and these inciilentally 
form a platform for the attimdant, and an’; 
)>r()tected hy h.'indrailing as shown at < b The 
distame from C(‘nt re to centre of the main rails 
IT is termed tln^ sj)an, and the distance apart 
centre to centre of the wheels I i.s the wheel 
base and is usually one-tifth of the span. The 
depth of the main girders at the centre of the 
span is generally onc-lift<M‘nth of the span. 

The upper elevation shows the main girdi'r 
with its joints. The web plate is made in four 
lengths for convenience, while the boom plates and 
angles are made in two lengths ; the central 
jc^int is shown in plan. Tlie next elevation is of 
the outer girder with the liandrailirg on top, 
the form of the bracing being known as the 
Linvillo and being economical of material. 

f‘2ff5 




189, FRAME FOR A 85-TON ELEtTRIO TRAVELLER 

Tho general plan view shows all the girdem in tal line from L, moisting at then K IVt seak‘s 

position as well as the cradles and platform. The the load on th(‘ mast and L M scales the load on 

two lH)ttom left-hand enlarged views are details the sleeper. Tlolh mast and slec|X‘r have altei- 

of the cradles, while the right -h.and bottom natively tensile and compressive loads in a 

view is an enlarged section cut through tlie four similar manner to the backst.ay, and tliey an* 

gird(*rs at the centre. proportioned for compression ; tlie mast has 

Calculations. The main sections of the to sustain in addition the load due to the hoisting 

various members of such frames as 134 and 139 and derricking eliains, which also impos(i corn- 

can be decide^d by calculations. In 134 the load pre.ssive loads. 

on the jib and tie may be determined as deseri bed Traveller Frame. In 139 we have th<‘ 
on page 415 of Mkoiianu’al EN(iTNEERiNii. simple ease of loaded beams or girders fully dealt 

The tie-rods and chains are tension members, and with on page 540 in Mechanical KNoiNEKRiNii 

can have suflieient area allowed to permit a and page 1084 in Materials and Structures. 

factor of safi'ty of 8 to 1 ; the jib is a <‘oIumn '^Fhe load on the main girders is made np from 

and should have a factor of safety of (> to 1. the actual load lifted by the travrjlliT plus 

The load on the backstay is found l)y taking tlic weight of the movable crab and lialf the 

moments about 1 ; the forward moment is W'eight of the girders themselves. I’he cradles 

made up of the load multiplied hy the full may be regarded as beams of a length erjual 

radius plus the weight of the jib multiplied by to the wheel base, and loaded at the two 

half the radius ; adding these two momenta points at wliich the main girdei’s are built in ; 

together and dividing by distance J, get the each cradle has to sustc^in half the wTight of the 
load on the backstay (111). The backstay may whole framework pins nearly the whole weight 

be either in eom]>n'ssion or t(Mision, according of the crab and load; the exact amount of this 

to the position of the jib in plan ; as it is weakest latter sura depends upon the nearness of the 

in compression il may be proportioned as a extreme position of the crab to the cradle. The 

column w'lth a factor of safety of G to 1. The outer girders have to sustain their own weight 

load on t.'c sleeper and tlie mast is easily ob- and half the w’cight of the platform, etc. When 

♦ amed by a simple diagram. Mark olf the load long spans are involved the main girdei*s 

(in the backstay as K. L on a scale of tons, and well as the outer girders are often designed as 

draw' a vertical line from K till it cuts a horizon- Warren or Linville braced members. 

Continued 
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MATHEMATICS 


Another axiom following from the definition is Problems and Theorems. Tiio pvo- 
All right angles are equal. positions discussed in geometry are of two kinds, 

Note. A right angle is divided into 90 equal Problems and Theorems. 
parts called degrees ; a degree into 00 C(j[ual parts A qnoblem. requires something to be eon- 

called minvles ; a minute into 00 equal parts structod, sucli as the dtawing of a line which 
calked seconds. will bisect a given angle. 

9. An angle less than a right angle is called A theorem requires the proof of the truth of 

an acute angl(\ some geometrical statement. 

An angle greater than a right angle but less The gener"*! statement of what tho proposition 

than two*^right angles is called an ohta.se angle. requires us to do is called the Enunciation. 

'l\vo angles whose sum is one. right angle are The 'pitrtinilar enunciation is tlie same stati'- 
ealled complementary angles, and each is the ment referred to a diagram. 

rompZmrn/ of the other. Two angles whose sum In the enunciation the Hi/pothesis is that 

is tzco right angU'S are called which is assumed to be true; the Conclusiv)} 

ami each is the supplement of the other. is that which has to be proved. 

10. A pkme figure is any portion of a plane If we have tAvo propositions in which the 

surface hoiindcfl by one or'mon^ lines. hypothesis and conclusion of tlic one form tie* 

11. A circle, is a plane figure contained by a com'lusion and hypotliesis respectively of tlu^ 

line traced out by a j)oini olb(‘r, the one proposition is called the Conve.r.sc 
wliich moves so that its dis- of the othiu*. 

tanee from a given fixed point For example. “ If two sides of a triangle arc 
is always the same. equal, the angles opposite to them arc equal.” 

For *exampl(‘, if P moves so Tlie hypothesis here assumes that two sides of a 

that its dislauce from O is triangle ai'e equal; the conclusion is that tlu^ 

always the same, then the line angles oi)posite to them are equal. Hence, the 

trac(‘d by P encloses a circle. converse of the proposition is “ Tf two angles 
Tlie lino itself is called the circa mference of of a triangle are equal, the sides opposite to 
the circle. them are equal.” 

The fixiul point is called the rewfre of tlio circle. A Corollary to a proposition is a statement 
A straight line drawn from the centre to the whose tvntli follows readily from the result 

eireu inference is called a radius. Hence, all cstablislu^d in the proposition and generally 

radii of the same circle are (upial. requires no furtlier i)roof. 

A straight lino draAvn tlirough the centre and . . - 

terminated both wa 3^8 by the circumfercrieo is Proposition I* Theorem 

c*alled a diameter. If two straight lines cut one another , the sum 

An arc of a circle is any portion of the cir- of the angles on 
eumferenco. ‘ the same side of 

A semicircle is the figure bounded by a either line is 

diameter and the portion of the circumference equal to two right 

Avhich it cuts off, angles. 

12. To bisect a thing is to divide it into two Let AP andC 

equal fiarts. It is clear that (JH be two 

(i.) Every terminated line has a j)oint of straight lines 

bisection. For, if a point be supposed which intersect 

to move from one cud of the line to at O. 




the other, it must at some instant be 
exactly half-way. 

(ii.) Every angle has a line of bisection. For, 
in the angle AOB, if a straight line 
start from tlie position OA and revolve 
about () into the position OP, it must 
pass tlirough a position in which it 


It is required to prove that 

L DO A + z_ COA — 2 right ^s. 

Proof. If DOA — L COA then each is a 
right angle (I)cf. 8) ; so that their sum is two 
right angles. But, if l. DOA is not equal t(» 
L. COA, let OP be the straight lino through O 
which is J_ to CD. Then 


divides AOB into Iavo equal parts. 

The Postulates. It is taken for granted 
that the three prohlmns staled in the folloAving 
postulates, or demands, are possible with tlie 
help of a straight ruler and a pair of compasses. 

1. A i^t might line may be drawn fy'om any 
one point to any other qioint. 

2. A terminated straight line mxiy be produced, 
i.e., made longer. 

tl. A eirclc may be described with any cciiJtre 
and any radius. This enables us to transfer 
distances liom one part of a diagram to another ; 
^o that, from the greater of two straight lines 
Avo ca.u, Avith the aid of compasses, cut off a 
part equal to the loss. 


Continued 


L DOA 4- L COA - the 3 L b DOA, AOP, PO( ' 
and 

^ ^DOP+^COP 

/ ~ the same 3 z, s. 

i. DOA + i COA 

/Y ^ DOP -h ^COP 

y \ =2 right L s. 

/ \ In the same A\ av 

^ \ . it can be shown tliaf 

^ any other pair ol 

angles on the same side of either of the linc^ 
AB, CD, are equal to two right angles. 

Coi'ollary. If any number of straight 
meet at a point, the sum of the consecutive angles 
is equal to four right angles. 
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MILK SELLING & BUTTERMAKING 

Conveyance of Milk from Farm to Table. Cooling and Aerating 
Milk. Flavour and Aroma. How to Make Butter. Setting Milk 


AGRICULTURE 


By Professor JAMES LONG 


THE SALE OF MILK 
From Farmer to Retailer. The Imlk 
of the milk supplied to our ]>opu!atiori 

IS produced hy farmers who contract to supply 
^^h()loHalc and retail buyers under conditions 
which tire rearranged every half yiNir. 'rhere 
however, in or near all towns eowker'yjcrs 
who retail tln^ milk tliey ])roduee. 'Plie usual 
prices paid to the farmer ;ire from l.‘ld. to 17d. 
per barn gallon from March to ()»^tober, tind 
;rom Is. (id, to Is. Od. frotn October to Mareli ; a 
it:i.rn gallon consists e,f 17 jiints, or two imperial 
gallons and ti })int, which, originally thrown in 
to make u]) for waste or lo.ss in vtuiding, is now 
idlutred to by tlie tradt% altliough Ibis particular 
inca.sure, the “ barn,” is not a legal oiu'. 

The farmer is rerpiired to d<‘liver Ids milk 
twice daily, well cooled, acTated, ji.nd 
.\vcet, containing at least .‘1 per cent, of 
tat — the Governinerit standtird — or 
slightly more in some eases, wIktc firms 
require higli quality. 'Phe milk is sent 
liy rail, carriagti paid, in metal raihvay 
‘•hums, which u.sually hold 17 gals, 
imperial. In soim^ parts of England, 
especially in the North, however, smaller 
churns or cans are (‘inployed for the 
purpose. The cost of the transit varii's 2Q. ii( 
with the distance from Jd. to l.ld. pir (hi 


be <»bserve<l that when the milk is coldest it loaves 
tlu‘ refrigerator at its coldest ]>oint, and thus witli 
sulPicieiil ly cold water it may be n^diKuul from a 
temperatun^ of 90“ F. to .5()“ h\ in less than a 
minute. Then^ is. however, a lenticular cooler 
[21 & 22 1. in wdiieh the priiuiple adopted is similar, 
.‘’Jthoiigh iee may lx? ])aoked within the interior 
in thf)se made for this particular purpose. In 
botli ttases the milk pa.ss<*s over tlie ctooler in the 
form of a thin film, and is ther<‘fore Avell exposed 
to the air, and its temp(M-ature more easily re- 
flu<‘ed. If cool milk he retailed in vessels whudi 
{\n‘ coven^d with a wliite cloth, it should keep 
swt‘et during the hottest weatlier ; but on many 
farms it is imjMKssible to obtain w.iter of siilli- 
eiontly low temperature, with the result 
that wJiole churns of milk occasionally 
.irrivc^ at their de\stinat ion in an imper- 
fect condition, Ixung for this reason 
generally returned by the purchaser. 
Such milk, however, is not valueless; it 
may still he churned for the prodiietioii 
of imtlor, althougli the pecuniary result 
will not he so satisfactory. 

Precautions against Contami- 
nation. Milk vendors and dealers in 


churns or cans are (‘inployed for the u mMn- general naturally object to the mixing 
purpose. The cost of the transit varii's 2Q. horizoxt.vl tjie niilk of two milkings — the morn- 
with the distance from Jd. to l.Jd. pe r (hxilkii evening’s -which many 

iinp(Tial gallon, while tlu' prices realised (showin*? tiu* new farnuu’s practise* during (iold weather in 
-Tc higher in the South than in tlu; Mid- ord(‘r to avoid two journeys to the rail- 

I.inds. The churns are gauged, .and in vontedhy the J>airy "’‘'-y station; nevertheless, there are 
course of time the constant bruising supply to) many eas(.*s in wliieh this practice is 
iuterferc'S .sljglitly with the measurement. "I’his - Tw>rmn(..ri uffrktirri.f 

pi'ineiple is wrong, for the most accurate method 
'*f buying or selling 


eiilk is by weight, 

!tlt bough this is diilicult 
ni practice. 

Keeping Milk 
Cool. The cooling of 
*uilk is imperative, for 
"nl(‘ss reduced to a 
temperature of about 
F. in hot 'weather it 
will scarcely keep half a 
'lay, or sutUoiently long 
* I > arrive sweet upon tho 2 1 

or tea table. listeb’s lbn' 

• , 7 In 22 th. 

■u.iopted also provides 

for the aeration of the milk. There are two forms 
‘>f cooler — one, 'which is liorizontal [20], (xmsist* 
of a number of tubes which cold water en(x*Ts 
at (he bottom and passes out at the top, while 
the milk runs from a receptacle above over the 
<aitside of the tubes, and passes into th<5 churn 
as it leaves the bottom of the cooler. It will thus 

1 Y *7 n 


gjg" ' — 


LISTER S LENTICULAR COOLER 
In 22 the cooler is p.'iclvod with ice 


Co) many eas(.*s in wliich this practiced is 
permitted. Still strong(‘r 
ol)j(‘etions are made 
against tin* milking of 
cows hy persons who 
are sutT<‘ring from any 
dis('ase or who are mem- 
bers of a houseliold in 
which any infectious or 
contagious disease (^xists. 
For tJiis rea.soii some 
farmeis retain tlm ser- 
vices l)otli of a veteri- 
nary surgeon and medical 
officc'r, who from time to 
22 tinm \isit tlm farms, 

UL.1B COOLER 

. j . interview the farmer 

n.aclvod with ice . . ,» ,, r 

liiinself. borne of tho 
larger Hrms of milk vendors refuse to allow 
members of their statT to enter their premises, 
or to retail milk under similar conditions, their 
practice being to pay them tlieir wages until a 
clean bill of health can be shown. The reader 
is refernsd to the article on the Trade of the 
Dairyman, on page 2215, in which the question 
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AQRICULTURB 

of milk contracts and cognate subjects are more 
fully treat ed. 

It is obvious that where milk is delivered, as 
it is by p^lmost every firm in the country, twice 
daily, the labour involved is considerable, and 
it is chiefly for this reason that thcn'c is so largo 
i\, dilTerence between tin* pri(*(5 ])aid to the farmer 
iuid that obtained from the consumer, 4d. a 
quart being the averiige figure demanded in this 
country. 

Bad Mi IK. From the retail dealer's point 
of view it. is important that milk sliould be 
produc<‘d by cows which are not fed ux)on im- 
pro])er foods, such as strong-smelling ensilage, 
half-rot t<‘d brewers’ grain, turnips, and swtsles, 
wliieli, given in large (pipmtiti(%s, convey an ill 
flavour to the milk, e.nd certain other foods 
known as distillers’ sludge, or cv(‘n large rations 
of cabbage. There is, liowcvei*, a good deal of 
imperfect, and even impure milk retailed in large 
cities at 3d. a rpiart ; but whal(‘,vor may be 
l)ie desire of the consumer for cheap food this 
milk should Ix' strictly .ivoidcsj, for it is iiii])os- 
sibk*, whatever it may have been like as it, left 
iKo farm, that it could have been 
handled ju'operly by the rtflailer. 

During very hot and dry 
weather, milk frecpienlly reaches 
famine price, and retailers are 
sometimes compelled to pay as 
much as Is. 4d. per imperial 
gallon in order to satisfy tlieir cus- 
tomers. Milk sold to hos])itals and 
other eharitahk^ institutions is 
naturally sold at lower prices than 
wli(*re it is retailed in large (£uanti- 
ti('S to tile public. The wholesale 
V(‘!idor is required to take veiy 
little more trouble in the con- 23. milk or 
v<‘yanee of 50 or 100 gallons jier cream can 
day than in delivering a few 
<[uarts to a number of difl'erent houses, hut this 
contract milk is frequently poor in quality, aiul 
sometimes imjmre, although of all places the 
hospital and t.)ie childrc'ii’s hornet are those where 
the quality domanded should be of tlie highe.st. 

Milk Delivery. If milk be j^nfitearised 
— and the remark equally applies to cream — 
and suddenly cooled, it will keep longer them 
when it is simply cooled. In all eases, however, 
it is the wisest and most business-like plan to 
d(fliver milk immediately after it has arriv<*d 
from tlu* station —servants and customers 
l)(‘ing advised where v<*r possible to tak<' care 
that, the vessels in which they receive it are 
perfectly clean and that it is ahvays kept in the 
coolest dry apartment in the liome. In Paris 
:mkI many foreign citiCvS milk is delivered daily 
in bottles which are sealed, and in this w^ay its 
(piality is stamred ; this plan lias been already 
jidopted in this country, and will probably 
extend far and wide. Similarly, milk which has 
been sterilised, in herm<*tically-scaled bottles, is 
delivered, but only once per week or fortnight, 
sterilisation ensuring its kee]3ing properties 
during any reasonable period, and in (his 
w’ay a groat deal of labour is saved on the part 
of the retailer. Milk, however, should never 
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be p]a,ced in bottles which have not been cleaned ; 
nothing but actual scalding either with steam 
or boiling water is efficacious. 

Tn many cases retailing firms send out thi ir 
milk in locked metal churns, the man in chare,, 
drawing it from the tap as his customers rcquii c 
it : but, making every allowance for the shakijig 
Avhieh the milk undergoes, the quality at the 
bottom of the churn is always lower than that 
at the tO]), owing to the fact that the cream 
ascends ; the ascent of cream, however, is very 
slow' and slight in milk which is cold. In spite; 
of all precautions, milk carriers occasionally 
man.age to introduce w'ater into the. milk they 
dtfliver ; for this reason inspectors are sonu'- 
tim(‘s employed by large firms to look after 
them. Suoli firms t;ike samples of the milk 
th«;y send out by their servants and are, tlier<‘- 
fore, able to elu'ck them in case a sample Avas 
Avatered before it reaches a customer. 

BUTTERMAKING. 

Buth‘r made directly from milk, or from cream 
remoA'cd from milk, contains about 86 percent, 
of fp.t, 12 J per cent, of water, and IJ per cent, 
of e«?.st‘in, suge^r and sedt. The more heavily 
salted the butt(;r, hoAvever, the larger the last 
percent e,ge. The finest hut tor niay contain 
less than 12 per cent, of water, while in 
imperfect samples the w^atiT present may reach 
20 per cent, or even more. Jn commerce a 
mat<Mial is frequently sold whioJi is known as 
“milk-blended butter;” this sometimes eon- 
tjiins as minfli as 30 ])er cent. Avater which )i«as 
been Avorked into it through the medium of 
milk. Imported butter is usually (‘iiiployed. 

The Best Butter. The finest bnttfr 
is the produce of (flmimt'l Islands’ cattle — 
Giierns(;ys and Jerseys- or of lierds of wJiieh 
these animals chietly form part ; they" add 
both richiK^ss of fiaA^our and colour. Fin(' 
butter sJioidd be tough, diy, a rich primrose 
in colour, A\flth a fine, mild, s\\'(*et, nutty flavour 
rtiul a delicate aroma. If a roll be t.ikt'ii in 
the hands and gently bent it should brealc 
gradually and exhibit a grain resembling that 
of a piece of broken east steel. If tlio grain 
exhibit numbers of drops of water the fact is in- 
dicat<‘d t hat it usually (Contains too mucli Avater — 
aJtliough butter may look dry and still contain 
a Jiigh percentage of moisture, for, «as sliown 
by Storeh, the Danish chemist, a cubic millimetre 
of butler Avliich has been Avell worked may 
contain from 3,000,000 to 4,000,000 globuhs 
of AA'atcr. Ifeavily-Avaterod butter is soft or 
brittle, Avliile pickled butter, common to Ireland, 
perhaps the most inferior product in the British 
Islands, is not only heavily salted but heavily" 
AA'atered — tlui result of the proces.s adopted. 

Although butter is washed while in grain in 
the churn, Avasliing should not bo overdone, for 
Avhile it removes the impurities such as curd and 
sugar, Avhich, if allowed to remain, cause rapid 
deU'rioration in quality, flavour and aroma, it is 
possible to reduce both flavour and colour. 

Colour and Flavour. The colour of 
butter is chiefly due to the breed of cattle 
employed, but partly to tlie food supplied, to 
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sunlight — hence, the paleness of the but ter pro- 
duced in winter — and to excessive wasliing. 
The flavour of butter also depends in a Ic.rge. 
iu(‘asiire upon the breed of cows, u])on the food 
supplied to them, and to the. condition of the 
cream at the time that it is churned. The, 
Iinest mild butter is the product of sweid. 
cream, and this realises the higliest prices 
in the French market, wherc^ \v(^ have known 
it to reach 2s. 8d. a pound. The fullest 
flavour is obtained when ripeiu'd or soured 
cream is employed, but llavoiir slioiild not 
masked by tlu' employment of too much salt. 
In the production of a fine mild sam])le less than 
a quarter of an ounce to the pound should bt^ 
used. Storch believes that the tlava^ur of biittvT 
is larg(‘.ly derived from tiie s(>Iid materials in the 
scrum of milk and not from the fat ; but there 
is reason to suppose that it is, in part ;it least, 
owing to the presence of tJu^ volatile fatty acids. 
Food, however, necrcssarily affects tlavoiir ; 
lu'iice the change which occurs when turnips, 
swedes, sour grains and strong siu(‘lling herbs 
are consumed. All difiicmlties on this score, 
however, are obviated where cows feed u])nn 
firui ])astures in summer or ar<‘. siippli<'<l with the 
best HW(X^t hay, bran, crushed oats, parsnips, 
and (uirrots in winter. The fine flavour of 
butter is not dc^veloped until 24 to 48 hours 
after its manufacture ; lienee, the mistaki^ 
often made of judging butter fresh from the 
churn. At th(^ National Dairy Show, w'hero 
piizes firo. sometimes awarded for the Ix^st 
samplers on the last day of tlu* Kxhibition, while 
some ])rize samjilcs are found to have lost 
both flavour and aroma, others become more 
perfect. 

The Aroma. The aroma of butter is due 
lo similar causes to those w'hich atf(*<‘t the 
flavour. When exposed to air and light the 
aroma, like the flavour of th(^ outside, elui.nges 
lapidly, the move so where it is pl’Ma d in (;orila(4- 
with tiny strong smelling material. 4’hc aroma 
(>f the interior of a sampU^ is as indieativi? of 
(piality and even of ag<^ as the flavour, but 
both are affected by heat, wbicli induces decoin- 
])osition and the (k^velopment. of raueidity. 
According to Duelaux, than whom no one was 
more competent to speak, the jMoma of butter 
possibly proceeds from the result of ferment c.- 
tion in the cream ; ])erliaps, ind('ed, to ethers, 
till' products of ca])roic or butyric acid, whi(4j 
are found in all sami)k‘s of butter in a free 
state. 

Amount of Butter to be Made from 
MilK. The (pmntity of butter obtainable from 
a given quantity of milk may he estimated with 
mutih accuracy if the quality of the milk he 
known. Thus, if we take a sample of milk eou- 
taining 4 per cent, of fat, which nqmwmts milk 
of high quality, and suppose that a sample of 
butter contains 14 per cent, of winter, we sliall 
lind that tlie milk sliould produ<*e 4*4 lb., 
assuming that the separator be employed for the 
extraction of the cream. The pr(»coss of skim- 
ming would be followed by a loss of *15 per cent, 
of fat, and the process of churning by *05 per 
cent., or *20 jht cent, in all, leav ing 3 8 per cent. 


of fat wolh Avbieli to dec.l. If we add to Ibi-. 
the water, a.]):>.rt from iiufitirities winch ougin 
not to be present — end this we cjmi <1o by 
dividing 3 8 by 8(1 — we get 4’4I Il>. of l)utl.‘r 
to the 100 11). of milk ; tb,).t is if the work lu; 
})(‘rfornied skilfully throughout. 

How Butter is Made. The syst< lu^ 
iJiidiT which butter is now' made an* as follows : 

1. From soiir<‘d or ripened milk churned cJ 
00'^ K. This pracli<*<*, still ('xisting in botii 
Scotland and Ireland, especially where biiltor- 
iiiilk is reaflily se.leahle, is nsnally’ follovvc'd by 
the production of a large yield of but((‘r of f.i.ir 
qualit V. 

2. From ensam skimmed from milk s(4 in 
shallow vessels or pans. 

3. From scalded en‘ani. In this casji the milk 
is set in similar but slightly (h'crper v(*sst‘ls. 
This praeliee is commoii in tlu^ tlirc<^ western 
counties —Somerset , Devon, and (^>riuvali — the 
.snildvtl milk, as it is t(*rmcd, b«'iing easily saleable. 

4. From cr(*a.m skimmt'd by the mechanicai 
s<q)arator. 

[n every case in which butter is ina,de frfun 
en*am it may bo the produet of sweet, cream 
or matured cn?am, tlu^ latter 
being sometinn^s described as 
i‘ip('ri(‘d or soured, <ulh(*r 
naturally or arti(i(*ially. Tlu? 
employment of sou?(*d <‘ream 
iu‘C(*ssitat(?s eitlu‘i' acimrate 
skill and judguu‘nl. on tlu^ 
j)art of the maker, who must 
deti'rmiru? how fa.r acidity 
should go by t^xpeihuicc and 
taste, or the aid of a ch(*mica.I 
t(*st by w'hicli the (jua-ntity 
of acid pr<‘S(‘nt. is iiulicatcil. 
This quantity may va,iy in 
accordama* with tlio charac- 
t of the luitler prodiuaai 
or with tlie milk employed. 
Swc'ct cr(*ani produces a 
smaller quantity of butter 
than ii|)encd enMin, with the 
result that the butU‘rinilk contains mon? fa.t . 
Tlie buttm*. howH‘V(?r. is mildew’ and seanctime', 
realises a higher prie?e. Me)st. of the? butte r iti 
tlie Jh’itisb marke‘t is the? preidue-t eif ripciuel 
cream, whetlier it lie? homo produe_*cd eir iTn[)e)] te el 
from foreign e‘e)imtrie*s or our (dle)nie*s. I'he* 
flavour of sue*h butte'r is fuller, and it is g. iicrally 
biflievwd to kt?ep longer. 

A Model Dairy, fn a well-managed dairy, 
the luvul ejf w'hicli is highly skilled, tlie? butte'r 
produc(*d is practically always the? same in cha- 
racter. The dairy anil dl its utensils and plant 
should he tjioroughly ek?ans(*d with boiling W’aier 
thre>uglu)ut. If the? milk, the produce of e ows 
properly fed, he then drawm into clejin ves.scls 
by clean hands, and the cream removed in 
perfect condition, the^ re?sult should be satis- 
factory ; but satisfaction may bo practically 
tmsured by the addition to the cream of a smal! 
quantity of fresh buttermilk obtained from an 
adjacwmt dairy where butter of the^* tim^st (piality 
is produced. In this w^ay it is inoculated with 
friendly bacteria. Thus in most factories and 
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crcamcricH wliere milk or cream are obtained 
from largo numbern of farmers, the cream is 
])asteurised with the object of destroying all 
bacteria, and subsequently inoculated with what 
is ttirmed a “ pure culture ” of bacstcria, which are 
responsible for the production of fine flavour. 

Pans versus Separators. In the past, 
and especially before the introduction of the 
separator, the system of cold setting of milk was 
common, especially in the three Scandinavian 
countries, and in parts of Germany and America. 
Tlu» two systems employed were known as the 
Swartz and the Cooley systems. The w’arm milk 
w as plunged in deep pans in very cold or iced 
w ater, Avith t lie result that th(^ cream Avas thin and 
large in AM)lnme, Avhile, being but little in contact 
Avith the air, it Avas not suflicu'enlly oxidised. The 
system of .sha/lftw sett ing in pans already referred 
to possesses tli(‘ distinct advantage that the 
cream is practically all brought into contact Avit h 
the air, Avith the result that oxidation is perfect, 
and the llavour much finer. Groam is also raised 
in ja(‘ketcd shalloAv pans of rectangular form. 
Tlie jackets arc tilled as occasion dtmands with 
(u1h(T hot oi* cold Avater, and Avhen the cream 
lias risen tli(‘ skimmed milk is AA’ithdraAvn from 
beneath it. All systiuns of tlu^ past are, hoAV- 
ever, giving Avay before^ the separator, and yet. 
no liner buttci’ or cream can firoduccd than by 
the simple method of shallow' setting. 

Points for Buttermakers, There are 
certain principles involv(‘d in biittor production 
Avhich may be formulated as folloAAs : 

(1) Oeam is cxtrattlcd from milk by the sejia- 
rator by centrifugal force. The effect of tliis force 
is to throAV the heavier portions of the milk to 
the wall or iieriphcry of the cylinder or drum, 
and til us to keep the lighti^r fat gloliules in tlie 
centre. 

(2) Grcam is extracted by shalloAv setting for 
the reason that, as already mentioned, being 
lighter than the scrum, it rises to the surface. 

(3) Cream rises best in a fnlling temperature, 
the larger globules rising first. As the timijHwat lire 
falls, tJie fat, being ,a non-conductor, docs not 
feel the change to the same extent as the serum, 
with the result that the difference in the density 
of the lAvo materials is Avidened, and it rises all 
the quicker in consequence. 

(4) If milk be cook'd before setting, the cream 
rises imjierfeclly. 

(5) (k-eam should be aerated that it may part 
Avith any objectionable odour or flavour, and be 
tlie better oxidised. Tlie higlier the temperature 
at Avhich milk is set after coming from the coav at , 
say, t)5 ' F., and tlie loAver the temperature of the 
apartment in Avhich it stands for the cream to 
rise, placing 4(C F. as a minimum, the better 
the cn'am rises. 

(()) If milk be re heated before setting for 
cream there is a loss involvi'd. 

For the purposes of raising cream on the 
shallow system, thi? vessels employed arc usually 
of metal, glass, porcelain, or earthenware. They 
arc round, and vary from 18 in. to 24 in. in dia- 
meter. Where the cream is scalded, however, 
tlioy arc slightly deeper than under otJier con- 
ditions, and furnished Avith handles on either 
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side to facilitate manipulation to and from thr 
stove. In no case should the dairy in Avhich cream 
is set in these vessels be higher than 60*^ F., or 
the cn^am rises Jess perfectly, while acidity is 
induced by the heat before the fat globules hav(‘ 
had time to reach the surface. Where the system 
of scalding is practised, a pan of milk liaviiifr 
been si^t in the dairy for twelve hours, or longer, 
if in the judgment of the dairymaid, the cream 
has not. all risen, it is placed upon the stove — 
preferably into a vessel of water that it may not 
burn — until the cream be covered with a tilm. 
and has reached a temperature of 175” F. If 
by accident the milk be alloAved to boil, a small 
quantity of cold water should be immediately 
added, but this will not altogether remedy thr* 
mistake. Tliis heating pro(;ess is practically 
pasteurisation, Avith the result that bacteria an' 
killed, and botli cream and butter keep sAvect 
longer. 

The Separator, The important mod('rii 
macliino known as the cream fieparator is iioav 
made in many forms [ 24 ], but in all cases tlx* 
same principle is adopted. The milk passes into 
a receptacle, usually a bowl or cylinder, the 
hcmvii'i* solids it contains b ung repelled from the 
centre, around which the lightcu' portions — tlx* 
fat globules Avhich form the (4iief portion of tlx' 
cream — gatlicr. As the inflow continues, the 
])rcssur(^ it i^xerts is folloAvcd by a corresponding 
outflow, the cream finding its Avay through one 
orifice and the separated milk through another, 
both being conveniently placed for the purpose'. 
All the Ix^st machines are noAv provided Avith 
discs of different forms, which divide the milk 
into layers, and thus facilitate its separation, 
Avith the result that much larger quantities are 
handk'd tluiii was possible formerly. Tlx' 
thickness of the cream is regulaU;d not. only 
by the si/iC of the orifice, but by heat, the 
temperature of tlie milk being now controlk'd 
to a great nici'ty in all large butter-making 
establishments, Avith the result that much bet l< i' 
Avork is performed ; but. the separation of tlx' 
<*ream from the milk is only jierfect — which means 
that not more than *15 per cent, of the fat is left 
behind — Avhen the conditions are perfect. The 
speed — that is, the number of rcvolut.ions — must 
be correct, Avhilo the temperature of the milk and 
its infloAv must bo carefully regulated. What- 
ever instructions may be provided by the makers 
of a separator, the skilful operator will ascertain 
for himself Iioav many revolutions per minute, 
Avliat temperature, and what inflow will enable 
him to obtain the best results. The separated 
milk, as it leaves the machine, is sometimes 
cooled rapidly that it may bo kept for sale or 
for return to tho farms ; or, if not heated to a 
high temperature before separation, it may bt^ 
first pasteurised and subsequently cooled, plant 
being iioav obtainable for that purpose. 8om* 
or imperfect milk cannot be separated with good 
results. Tho scum adhering to the sides of the 
separator sliould be removed by thorough cleans- 
ing after each day’s operation. Since the first 
public trials in Denmark and Hamburg, in 1883, 
and subsequently in Paris, separation by cen- 
trifugal machines has been improving until the 
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work of to-day is as nearly perfect as possible ; yet 
we look forward with confidence to something 
still greater — the production of the butter direct 
from, the coav. This will involve the invention 
of a more perfect milking machine from whicli 
the uncontaminat<?d milk will pass into the 
separator, and from the separator into an 
instantivneous butterniakcr — a ma hine which, 
if still imperfect, has already been inv€mt('d. 

Strainers. All cream should be strained 
before churning. Many forms of strainer have 
been invented, but none are really perfect, Avith 
the result that cloths are still employed. A hair 
strainer, hoAvever, may be used for straining the 
butter, the buttermilk, and the Avatcr or brine 
as each leaves the churn. For butter production 
in a private dairy, tlio cream, as it is skimmed, 
diould bo mixed and stiiT(*d after each skimming, 
a glazed carthenwari^ vessel being kept for the 
purpose ; but churning should never begin until 
twelA'^e hours have elaps(‘d since the last cream 
Avas added ; nor, if tlie best product is to bi^ 
obtained, should any cream be more than twenty- 
four hours old if it has bciui kept, as it should bo, in 
a dry apartment at GO'’ F. At this tomperaturt*. 
cream skimmed from a shallow vessel while 
perfectly sAveet should be quite mature or ripe 
in 24 hours. Wherc^ cream is ehiirned under 
tlu^so conditions it produces butt(‘r of fini^r 
llavour, chiefly OAving to its more perfect oxida- 
tion, than anything Avhieh is produced in the 
creamery or factory — or, indeed, Avherever tho 
practice of inoculat ion b<3 carried out. If ercNim, 
when ready for churning, be too small in volume 
for the churn employed, that volume may bo 
increased by the e.ddition of a j)ortion of the 
skimmed milk from Avhich subsequent cream has 
been removed, conditionally upon its being clean 
and pure ; but this method is not a])plicabl<^ to 
tho factory, llipo or mature cream is thi(‘k, 
owing to the production of lactic acid, and the 
resulting coagulation of tho casein. Such cr(*am 
produces from l/> per cent, to 25 pci- cent, more 
butter than perfectly sAveet cream Avhich has 
been raised, for oxampU^ in twcK'c hours at a tem- 
perature of G0° F. If SAATct cream bo mixed Avith 
ripe cream, there is a eorrt'sponding loss ; in 
other words, tho loss Avill be in pro()ortion to th<? 
quantity of SAvcct cn*am employed. In no ease 
should cream — or, indeed, milk — bo set in 
a badly- ventilated, dark, or danq) apartment ; 
it is practically certain to bo spoih^d in flavour 
and to produce ill-flavoured butter, OAviiig to 
the fact that it is attacked by organisms Avhicli 
are peculiar to siich apartments, but Avhicli aro 
seldom if ever found in sunlight. 

Regulating the Temperature. When 
cream is ready for churning it should be brought 
to the required banporature, otheiAA'iso there 
may bo loss both of quantity and quality ; in 
summer, GG'’ P. to GG'^ F. Avill bo found tho 


most convenient, Avhilo in AAuntor the t(^mJ)era- 
ture may bo raised to G4'’ F. It depends, hoAV- 
ever, upon tho tomperaturo of th(^ apartment in 
Avhich tho work takes place. In winter tho 
churn should bo scalded, and thus prci)arcd, 
so that after the cream has hccui placed Avithin 
it its temperature may not fall. vSimilarly, in 
summer, the churn may be cooled after scalding, 
to prevent a rise in t he temperature of t he crcaiii. 
The object should he t o obtain small, avcI I -formed, 
crisp granules of butter Avliieh are easily Avaslu d 
and brined. If the granuh'S bo too large or too 
soft, washing is nect“ssarily imjHThM-t -■ the larger 
granules enclosing buttermilk, Avhich cannot la*, 
removed, Avhilc those Avhich aro soft- r(‘sist the 
a.(!tion of Avater. In a private dairy, avIku'c churn- 
ing is not. praotis(*d at least every other tlay, it is 
difficult to obtain butter of the tim‘st quality ; 
therefore, whatoATi* care bo exercised in feeding 
ilieeat-ile, in milking ooaa^s, in slotting and skim- 
ming tho cream, avo must look for imperfect 
rc?.sults if that cream Ix^ kept too long. It is 
indispensable that a testctl thermomcit'r shouUl 
be used in every operation ; it will indieab^ 
tho suitability or not. of llu^ t(‘mperatuni 
of the dairy, of tho cr(‘am, and of tho Aval-(*r 
employed in wc.shing the butter. Tt is still mor-' 
necessary where milk or cream is pasb'uriscd. 

Avoidance of Sudden Changes. In 
order to obtain tho rccpiired temperaiun? 
of tho cream before churning, usually it is 
necoKsary to heat it in Avint(‘r or to cool it. in 
summer ; cither process must Ihj gradual, sudden 
heating or cooling, or lu'ating or cooling too 
many degrees at one time, being fatal to succ(^:.s, 
and hero tho ing(‘nuity of tlio maker Avill ho 
tested. Neither hot nor very eold Avatcr, nor 
should b(' added to cr(*am on any coiisid(*rat.ion ; 
nor should it ho ]icati*d or cooled mojo than 
three or four degrees at one time, and this only 
by tlic addit ion of ]>uro Avat(*r, or by standing the 
cream voss(*l in hot or cold water, and ko(‘ping 
it gently stirrt'd. In factory and creamery Avork 
the U'liqxTaturo is regulated by heating tlm 
apartment in which tlu* cream is placed, and by 
aiTang(‘in('nts so carefully niado that it is 
churned immediately it is lit for tho purpose. 
In buttermaking tho o])crator should on all 
occasions note tlu^ aroma, and flavour of ('roam 
before churniug. and compare tho su})S(upient 
aroma and llavour of tho butter j)roduccd from 
it. In this Avay lie will bo ablo to indicat(! Avith 
great accuracy prt'ciscly Avhcii croaiu is ready to 
churn. If cream has hecu |)a>stouris(‘{l on milk 
ill an open vessel, or clotted, as in tho Wi^storn 
Counti(.\s, it may bo churned at a temperature of 
58 ’ F., although it is quite a coininon practice 
among many makers to stir clotted cream into 
butter, and .subscipient-ly to work the butter 
Avith the naked hand — both of Avhich methods 
are carefully to be avoided. 
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ITALIAN 


Cnutiiim'il fr<i) 


By Francesco de Feo 


IRREGULAR VERBS 
Second Conjugation 

Verbs in ere (long) 

Sapere, to know (T know sotriethimj) 

Jnd. Pns. — So, .sr//, .syi, snppiamo, saptte^ 
m nno. 

Iinprrf. — Sapt ro^ snppn\ t‘lc. 

/ic/ln.—Seppi, .^apr.'<ti, spppc, snpemmo^ 
m pi ste, .si pppro. 

Futin c -Sa pro, .saprai, .sy/y>;v/, .sapretno, sapreU, 
.sapranno. 

Impirn*. -Sappi, .s'lppia, (‘<u. 

Pres. Suhj. — S('(p))in, .sap))ia, .sa ppia, .sappiamo, 
.sa p piiffe, .so p pin no. 

Iwp. Snttj. — Snprs.si, .sapessi, etc. 

( ■onilifioHitl — Soprii, .saprfsti, .saprehhc, ct<*. 

Pn st Part. — i<a puto. 

Dovere, to owo, to bo oblig(‘d 
Pre.s, Tiiil, — Dein {dehbo), fieri, dere, dofthiamo, 
dorete, derono {{dibhono), I must, o((‘. 

Tmpcrf. — Dorcvo, dorevi, clc. 

Past Def. Dort'i a nd dovetli, dove.sli, don tie 

{dove), dovcnimo, dove.ste, dovHUro {dorinmo). 
Future— /)orrb, drjvrai, dorra, etc. 

Pre.s. Suhj. — Dtbha, debba, debba, dobbiamo^ 
dobbiafp, debbatw. 

[nip. Subj. — 'Dovessi, doves.si, etc, 

(Conditional — Dovrci, dorre.sti, (‘tc. 

Pa.st Part. — Dovuto. 

Volere, to ])e willing 
Jnd. ]^rf.s. — Yoijlio {vo'), ruoi, ruol{e), roi/liamo^ 
volete. voglionn. 

Jmpcrj. — Volevo, rolevi, rolcva, etc. 

[*ast Def . — Votli, volcsti, volte, volemnut, 
rolcste, vdllero. 

Future —Vorro, vorrai, vorra, nnrenio, etc. 
Pre.^. Subj. — Vdfflia, roglia, voglia, voglianio, 
rogliate, vogliano. 

Imp. Subj. — Volessi, voIe.s.si, etc. 

(Conditional — Vorrei, vorre.sti, vorrebbc, etc. 
Pa.st Pa rl . — Vol uto. 

Vedere, to see 

Pres. hid. — Fr/7o {lei. veggo), vedi, rede, 
rediamo, vcdde, vMono. 

Imp. — Vfdevo. redevi, etc. 

Past Def . — Vidi, vedc.sti, vide, I'edemmo, 
rede.ste, videro. 

Future . — Vedrd, vedrai, vedra, etc. 

Imperat. — Vedi {ve"), veda, etc. 

Pres. Subj. — Veda (vegga), etc., vediamo, 
rediate, vedano. 

Imp. Subj. — Vedcssi, vedes.si, etc. 

Conditional- - Vedrei, vedre.sti, vedrchbe, etc. 
Pa. 9 t Part. — Veduto and visto. 
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The com pound pre vedere (to foresee), provvedire 
(to provifl('), and travedhe (to see indistiiKitly), 
in the; future and conditional are regular; 
prevederd, prevederei, prorvederd, etc. 

Potere, to be able 

Pres. I ml. — Posso, puoi, puo, pos.siam(t, 

potete, possono (1 can). 

Iniperj. — Potevn, polevi, etc. 

Past f)ej. — Potfi, potesti, etc. 

Fuiure—Potrd, polrai, potrd, cte. 

Pres. Subj. — Po.s.sa, etc. ; pos.siamo, possiate, 
possatw. 

Imp. Subj. — Pote.s.si, pote.9,si, etc. 

(Conditional — i*ofrei, potresti, etc. 

Past Part. — Pot uto. 

Tenere, to bold, to keep 

Pres. Ind. -Tengo, tieni, ticne, teniamo, tenete, 
tingono. 

fmperf. -Tenevo, tenevi, etc. 

Pa.st Def. — Tenni, tencsti, tenne, tenemmo, 
etc. 

Futun — 'Ferro, terra i, terra, etc. 

Tmperal. -- Tieni, teiign, teniamo, tenete, lingano. 

Pre.s. Subj, — Tenga, etc. ; teniamo, teniate, 
tingano. 

Imp. Subj. — Tene.s.si, etc. 

(Conditional — 'Ferrei, terresti, etc. 

/*(t.st Part. — Tenuto. 

Conjugate like tenere: appartenere, to belong, 
rontenere, to contain, ritenere, to retain ,so,stenerr, 
to sustain, etc. 

Ksercizio di Lettura 

. . . Do vet c dun quo sapere cho, in quel 
eonvonto, c’(Ta uii nostro padre, il quale era 
un santo, e si chianiava il padre Maeario. Un 
gionio d'inverno, passando per una viot tola, 
in un campo d’un nostro benofaltorc, uomo 
dabbeiic' anebe liii, il ])adro Maeario vide quest o 
bonefattoro vieino a un suo gran noce ; c 
(piattro contadini, eon le zappe' in aria, die 
])rineipiavano a scalzar' la pianta, per mctterle 
le radici* al sole. Che fate voi a quella povera 
pianta V domandb il padre Maeario. Eh ! 
padn% son anni e anni che la^ non mi vuol far 
noci ; e io ne b\ccio legna. Lasciate-la stare, 
disse il padre : sappiate che, quest’ anno, la* 
fara piu noci cho foglio. Il benefattorc, du; 
sapeva chi era colui che aveva detta quella 
parola, ordino subito ai lavoratori, che^gettasser 
di niiovo la terra suite radici ; e, chiamato il 
padre, clie contimiava la sua strada, padre 
Maeario, gli disse, la meta della raccolta sara 
per il eonvonto. Si sparse la voce della pre- 
dizione ; e tutti correvano a giiardare il noce. 
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Infatti, a primavera, fiori a biy.zeffe,'* e, a suo 
temiK), noci a bizzeffe. Tl buoii benefattor© 
non ebb© la oonsolazione di bacchiarle ; perch© 
aiido, prima della raccolia, a ricevere il premio 
della sua carita. Ma il miracolo fu tanto piii 
grande, come sentireie. 

1, pick-axe ; 2, to bare ; 3, root ; 4, it ; 

5, in abundance, plenty ; 0, to shake. 

PERSONAL PRONOUNS— continued 

Tu, Voi, Lei. Tn addressing a ptM’son we 
may us© the pronoun of the second person 
singular, iu (dare del tn) ; or the pronoun of the 
second person plural, voi (dare del voi) ; or the 
feminine pronoun of the third person singular, 
lei (dar del lei). 

1. Tn is used in addressing children, n‘latives, 
very intimate friends. Examj)les : Where n.re 
you going, Peter ? Dove vaiy Pietro ? Speak, 
my (hild, Parla, bambino mio. 

2. Voi is used in addressing a p(‘rson to whom 
we desire to show a certain deferemu*, or with 
w4iom we do not wish to be too familiar. 

Examples: You have not studied enough 
to-day, Voi non arete ntiidiat>o abbastanza ogyi; 
You are a good man, Voi siete. nn buon nomo. 
The adjective referring to ivn (sing.) is in tin* 
singular. You are very kind, Voi siete. motto 
genlile. 

3. Lei is the usual form of addn'ss (except 
in the eases mentioned above); for the plural, 
loro is us(;d. Example : You must (‘xeuse me. 
Lei mi deve scusare ; You (plural) are right. 
Loro hanno ragione. 

4. The verb must, of course, agree in x)erson 
and number with the pcu’sonal pronoun used 
in addressing ca jx'rson. The pronouns also 
in this eas<‘ are generally omitted : entrn, entrate, 
entrif entrino. 

!j. In addressing a man in the third person 
the .adjective refen’ing to the pronoun ?nai/ be in 
the feminine, as lei stands for the feminine 
Vossignoria (your lordship) ; Lei sard covientu 
(or contenta) di sapere. You will be pleased to 
know\ 

6. Yemr, ijoars when sjieaking in the third per- 
son must be translated by svo, sua, snoi, sue, 
loro ; suo padre, your father ; le s'ue sorelle, 
youv sisters ; i loro amici, your friends. In 
writing, Ella may be used instead of lei, hh. Serin f 
subito perche Ella ne sia infornmla, T am writing 
at once in ord(*r that you should b(^ informed of 
it. 

7. For you (obj.) the conjunctive forms la, le 
must be used. If a conjunctive pronoun is 
used the adjective must be feminine. Example: 
La jerego di scusarmi, 1 beg you to excuse me. 
So the forms to bo used when speaking or writ ing 
in the third person, whether the person addressed 
be a man or a woman, are as follow : 

you {std}j.) — lei, or Ella (sing.), loro (plural) 

you (obj.) — la (sing.), le plural) 

to you—le (sing.), loro (plural) 

it. him, them, etc. to you — glielo,-a,’i,-e 

of it, of him, of them, etc. to you — gliene 


Exeucisk XXXTT. 

1. Noi si parlava di lei. 2. Lei gentilis- 
sima. 3. Mi facci.a il piacero di darmi cpiello 
spillo. 4. Mi scusi se non gli(‘li ho mandaf i piu 
presto. 5. Le prometto clie fo uno spropbsito 
.se lei non mi dice siihito siibito ii nonu* di 
colui. (). Amico mio, tu hai torto ; doin.iiida 
iin po’ a tiia sorella; non e vero, signorimi, die 
lei e informata di tut to ? 7. Siete ben pronta 

a imrlan' senz’ essere interrogata. S. Iau e la 
piu cara persona (du* io abbia mai eonosiduta ; 
come l.a a essere semjirc* cosi allegra ? lb Suo 
fratello mi disse ehc lei «M"a ritornata in citta, 
e mi sono atlrettato a venire a stringerlc la 
mano. 10. Si e divert ita ipiesti lunghi mesi 
d’inverno ? 11. Perclie stamio sulla porta al 

freddo ? entrino. 12. Lei non sa, non sapra 
mai quanto sinccra fosse la miii arnici/ia per suo 
figlio. 13. Abbia la geiitilez/a di mothTe 
que.sta lettiu’a alia posta quando va fiiori. 14. 
La riiigrazio tanto tanto did bid liori cho mi ha 
mandat i. 15. Loro credono die tutto si jio.ssa 
fare a lambur battente ; (d viiol tempo ])(*r 
tiitte le eose. Iti, L(' sue aniidie la pregano 
di volere andar giu in giardiao, se non le dis- 
place. 17. (dicii moslrero. 

( 'oNVEIiS.VZIONFi 

Chi le ha detto elic' ralTarc non si fara ? 

liO so ; e veclra (die ho ragioni*. 

La ringrazio della sua gt^ntilczza e la prego di 
comandarmi in tutto ci<i die posso. 

Non si dia ponsicTo di me ; sapri'» conu5 
regolarrni. 

Ifo saputo die i suoi lavori sono stati acetdtati ; 
gliene faeeio i nii(d eomplimenti. 

(Jrazh', ma. non diea niente a mio padre, 
pt'ndie voglio fargli uno sorpresa,. 

E loro stanno seiiqire in eanqiagna ? 

Si, e fors(‘ ei resteremo jxa’ din* o trc! iiu'si 
ane(')ra. Speriaino die ei fara ronore fli uiia 
sua visit.i un gionio o l altro. 

Da (juanlo ttaiipo non v(‘de il signor N ? 

Lo vi(Ji in easa Sarli diu? iiu'si fa {ag**). 

I)ov'<> il mio giornale ? 

Scusi tanto, signorina, non ci ho pensato; 
ma Ic |)r(uii(‘tlo idn* stas(‘ra al j>iu tardi giielo 
fan') aven'. 

S(‘ non N'liol fcirlo, C(' lo dica,. 

Non c ch(‘ non voglio, non posso. TA)ro non 
sanno quanto sia ditlicile di ottencre (juahdie 
cosa da qiudla gjuitc. A ogni modo proven'), e 
gliene faro sap(‘re qualehi* cosa. 

K E Y TO E X KKl U S E XXIX. 

1. We had thought to sell him some 
tickets, but he has not wished to buy any. 
2. Th(?y have shown me some of dith'.rent 
(pialities. 3. If T had some more, 1 would give 
some to you. 4. Where is your aunt ? 5. 

There she is; spirak of it to her. b. Thirst? little 
pictures are very beautiful ; if you go to Italy 
do not forget to buy some for me. 7. I have 
bought some beautiful toys for thiji little boy, 
but 1 have forgotten to bring them to him. 8. 
Do not bring them to him, because he has been 
naughty all day. 9. If the dressmaker has 
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finished my dress, tell her to send it ix> me 
directly. 10. T shall not fail to tell her of it. 

Key to Exercise XXX. 

1 . Non vedeto che la faceia di qnosta bambina 
e tntia sporea di fumo ? lavategliela. 2. Se 
avete delle rose c dei gardfani froschi, fatenc \in 
bel mazzolino e niandatcdo a rjuesto indirizzo. 
•i. Vi avev-o pregato di non dirl<^ nientc, e voi 
le avele raccontato tiitto. 4. Eeeo la leilera 
ehe abbiamo vieevuta, le.ggetegliela (5 vedete che 
impressione le fa. 5. 8c avesse detto a noi tali 
])arol<*, avreinino saputo come ris])6nd(*rle per le 
rime. (>. Quesio t(‘legramnia vi e stato rimesso 
alle sette c venti, eorne va che me lo dale dopo 
Y>iii di due ore ? 7. Se volet e andare a teat ro, 

andateci ; io preh'risco di non usoire. 8. Lo 
tratterd come nn mio fratello, ve lo prometlo. 
0. Eeeo il telegiamrna (4ie abbiamo ricevuto/. 

Kicevuto bieiolette : spediremovele." 10. E 
in Ttaliano, non lo eapiseo ; traducetemelo, per 
piacere. 


Key to Exercise XXXI. 

1. That boy was saved by a miracle. 2. 
To-day the new railway time-table has been 
published. 3. The workmen are paid eveiy 
five days. 4. We were invited, but we did not 
go (there). 5. He is loved and esteemed by 
all who know him. 0. I am sorry I cannot 
accept your invitation, because I must, soon 
start for Rome, where I have been summoned 
by telegram. 7. Stick no bills. 8. It is 8ai<l 
that war between the two eountries is now 
inevitable. 0. They say that General N. has 
been wounded in the last battle. 10. Don’t he 
t iresome, otherwise thou wilt he avoided by every- 
body. 11. This little story lias been related 
to us by a friend of ours. 12. The miser is 
attracted by gold, as iron by the magnet. 
13. The tire has been finally isolated ; but. 
twenty houses and two con,l-storcs liave been 
entirely destroyed. 14. The thief has been 
arrested. 
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FRENCH 

VERBS - continued 

Pronominal Verbs Conjugated 
Interrogatively 

Pronominal verbs ar** conjugated interro- 
gatively; 

1. In simple tensc's, iiy putting the pronoun 
subject after the verb. 

2. In compound tenses, by putt ing the pronoun 
snl)j(^ct after the auxiliary verb. 

These verbs may, like, all other verbs, be con- 
jugated interrogatively by ])retixing e.sLee fpte 
without inversion. 'Phis form is most commonly 
used in the case of tlie first person singular of 
the simple tenses, and is the only one lliat will 
be given here : 

Se flatter, conjugated interrogatividy 
Indicative 
Present 

Do T tlaUer myself ? 
est-ff (fuf. je me paltef 
nous fiattons 'iums ? 

Im perfect 

Did I Hatter myself ? 
fst-ee (jup. jc 7)1 e flAtltais ? 
nous flatlions-yious ? 

Past Defi iiite 
Did I flatter myself ? 
cst-re qne je me flattai ? 

710 u s ft attdm es - 7u> us 
Future 

Shall I flatter myself ? 
est-ce que je me flatterai ? 

710 US fhiUeroiis - iio us ? 

(■OMPorND Trnses 
Pa^t hule finite 
Have I flattered myself ? 

?n.c SHiS‘je flatte, or flattee? 

710US sofutnes-nous flatth, or fiattees P 
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Pluperfect 

Had I flattered myself ? 
mW'tais-je flatte^ or ftnttee ? 

710 US ctions-nous flattcs, or flatlfes ? 

Past A nlerior 
Tfatl I flattered myself ? 
me fus-je flatU\ or ffatlee ? 

7XOUS fiimes-nous ffattes, or ffattees ^ 

Future Anterior 
Shall I have flattered myself ? 
me fierai‘je flatte, or flatlee. ? 

710US serons-nous ftattes, or ftnllees? 

Condition AD 
Present 

Should I flatter mysfflf ? 
fst-re. que je ync flatterais ? 
nous flatter ions- nous 
Past 

Should I have flattered myself ? 
me se.rais-je flatte, or flatlee ? 
nous serions-yions flattes^ or flattees 

Pronominal Verb Conjugated Interro^ 
gatively and Negatively 

Indicative 
Present 
Do I not perceive ? 
est-re que je ne 7n aperqois pas ? 

7%e 710US apc)'cei^ons~tU)us pas ? 

Imperfect 
Did I not perceive ? 
e.sLce que. je ne 7n' apercevais pas ? 

7ie nous apercevions-Tums pas ? 

Past Definite 
Did I not perceive ? 
est-ce que je ne yn'aper^.ns pas ? 
ne nous aper^umes-nnvs pas ? 
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Shall I not perceive ? 

est-ce qua je ne vC apercevnii pas f 

ne novs apcrcevrons~nom pas ? 

Compound Tenses 
Vast hide finite 
Have I not perceived ? 
ne me sitis-je pas aperQii, or apv'^ue ? 
ne rioiis sommes-nous pas aper^as^ or aperi^ues ? 
Via per I eel 

Had 1 not poreeiv(‘(l. 

7ie m'etais-je })as aper^u, or a pox tie ? 
nc nniis elions-nous pas npercus, or apeixues ? 

Past AtUerior 
Had r not pcrcciv^ed ? 
ne me fus- je pas apetxu, or apoxue 
■ne nous ftlmes-noiis pas apercns, or aperi^nes ^ 
Future. Anterior 
Shall T not liavr perceived ? 
ne me serai-je pas aper^u^ or apereue ^ 
ne n/nis 8ei'ons-m)us pas aper^'us^ or a per^urs ? 
t.'oNDITIONAL 
Present 

Should T not perceive ? 
fst-ee que je ne m'apereevrais pas? 
nous aprrccvrions-noKs pas ? 

Past 

Should 1 not have ])ereeived ? 

}V' me serais- je pis apoxn, or a perdue? 
ne nous serions-nous pas apeixiis^ or apeixues ? 

Exercise XXIX. 

Of the pronominal verbs that have the 
second pronoun for their direct object, sojn(‘ 
t ike the preposition o, others th<j ]»rej)osition 
f/c, bt’fore their indirect object. These pn*- 
])ositions are indicated in the following list of 
verbs that, occur in the exercise : 
sender, to hel]> oneself 
s' apercevnir de, to p M‘ceive 
s' a p peter i to be called 
s'arrifcr, to stop 
se tmttre, to tight 
se defendre, to defend oiK'self 
se defer de, to distrust 
.VC dvfjuiser, to disguise oneself 
se dernaer, to d<',vote oneself 
s'em]xtrer de, ti> take j>ossessi()n of, to seize 
s'ennuqer de, to weary of 
se (jlorifer de, to be proud of 
se mefer de, to mistrust 
se mettre a. to .set about, to Ix'gin 
se plaire d, to take* pleasure in 
se ratentir, to shu^ktui 

se trourer, to fijul oneself, to happen to be 
se. ranter de, to boast of 

1. It seems to me that 1 have already seen 
that lady. What is her nanu* ? (How does she 
call herself ? ) 

2. The vanquished (vainru) have not fought 
less well than the victors (rainqu.foir). 

3. The enemy (singular) have taken posses- 
sion of the town, after a long siege, during 
wliich the inhabitants defended them.selves as 
courageously {courage itsemerU) as the soldiers. 

4. We distru.st others too much, and wo 
do not mistrust ourselves sufficiently. 
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5. There are men who are prouder (glorify 
themselves more) of their defects {le dejaut) 
than of their good qualities. 

0. “Help thyself, heaven will help thee,” 
says the' proverb. 

7. Tiicy (f.) perceiv(*d their ern^r, but it wa.s 
too 

8. A writer (ecrivain) has said that, if we 
often boast of not wearying, it is because we 
are so conceitc'd {qlorieux) tliat we do not wish 
{vouhnis) to consider (lind) ourselv^es {de) bad 
(roinpany {la. cornpa jnie). 

9. At what lime do you usually {ordinaire- 
men/) get u]) ? We usually g(‘t up at half-pa<t 
seven, and we rarely go to Inul before half 
past elcv^en. 

It), threat motives may {pen rent) iiidiUM* 
(engager) us to humble, {humitier) ourselves, 
none to demeau (aciUr) ourselves. 

1 1 . The Romans, after having taken jiossession 
of (laul {la (raule), gave it in a short tiiiu’: their 
civilisation. 

12. It is (mut) btdter to ex])ose oneself to 
ingratitude than to leave a wndehed (man) 
{mnlheureux) without ludp {seeours). 

13. History t(‘lls us that tlu'n^ have l)t*(‘n 
kings who devoted {deroucr) tluuiiselve.N to 
death for the safety {le saint) of their peo[)le. 

14. Tlu're is a great deal of dilferenet* betwetui 
(entre) taking pleasun' (.vc plaire) in a (a) work 
and being s\iit(‘d (propre) for (to) it. 

10. We are so aeeustonuHl {areontiimes) to 
di.sgui.s(‘ oiir.selv'es to others, that in tlu^ end 
(etifn) w(‘ di.sgui.se ourselves to ourselve.s. 

in. It is as easy to d(‘eeive (from per) oneself 
without pere(‘iving it, as it is ditlieult to deceivi* 
otlu'rs without tluur (that they) p<u*c(Mving it. 

Passive Verbs 

1. Verbs in the passive voi(*(\ or passiv(‘ 

v«‘rbs, as tlii'V ar<‘ (ommonly ealUsl (rerhes 
p7v.>//.s), consist of th(‘ ])artiei])le of an 

a-tive V(‘rl) a,d<l(*d to the vauh ffre, tr) ho. Thus. 
aimer, to love; ehe aime, to he loved ; j'ninir, 
J lov(^ ; je sui'i aime, T am loved; La mere a 
(jronde I enfant, Tiui motlier h.as sttoldisl tlu^ 
child ; h'enjant a He grondi pur .sv; mere, Tlie 
cJiild lias bc<‘ii .scoldtsl by his molluM'. 

2. In passives v<‘rbs, tlu‘ ])ast ])irticiple always 
a.gn*<*s witli the subject,; Jetnine d' Arc fut fuulee 
sur la place puhliqur de Rouen, Joan of An; 
was burnt in the public s(piare at Rouen. 

3. In eonjugatiiig a ]).issiv(; verb, it must 
b(* reuuunlM'ied that je, lu, nous, rous may 
stand for feminine subjects, and that in sncli 
a case the past participle's must be feminifU' 
also. 

4. As th(‘ conjugal ion of the ])assivo voice 
presents no ditliculty, it will suIVkm; to give 
one simple tense and out' eom])ound ten.s<‘ 
as inod(‘l.s : 

/ Ve.se nt I ndicali ne 
T am loved, ete. 
je suis aime, or aimee. 
tu es aime', or aimee 
it est aime, elle est aimee 
nous sommes aimes, or aimees 
■rous efes aimes, or aimers 
Us sont aimes, elles sont aimees 
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Past Indefinite 
T have been loved, etc. 
fai He avme, or ahnee 
ta as He aime, or aimee 
il a He aime, elle a He aimH 
nous avons He airm\% or aimves 
vous avez He aimeSy or airnHs 
its ont He aimes. Hies ont He. aimees 
5. The subje(;t of a verb in the ]jassive voice 
can only be that which would be the direct 
object or accusative of the same verb in the 
active voice. The indirect object or dative 
of th(5 activti may never be the subject of tlio 
passive voice. Thus, the verb dire, to tell, 
requires tlie indirect object : je lui dis, I t(^ll (to) 
him. Consequently, such a constiuction as 
“ I have been told ” is impossible in Frt^neh. 
We must say, on m\i dil, one* lias told me, t>r 
il ni’a He dit, it has been told me. 

0. The passive construction is used far less 
frequently in French than it is in English. 


In the former language it is very commbnly 
ri^ndered by an active const motion with on as 
subject, or by means of a reflexive verb : It is 
said that the enemy have taken possession of 
the town. On dit qiie Vennend s'est einpare de la 
ville ; Tliat word is not found in the dictionary, 
Ce mot ne se trouve pas dans le dictionnaire 


Neuter Verbs 

1. The neuter, or intransitive, verb (verhe 
neutre on intransitif) is that which can neviu- 
have a direct object or accusative, and which, 
consequently, has no passive voice. 

2. Some neuter verbs are conjugated witli 
Hre as their auxiliary, in the compoimd tenses. 
The more common of these are : 

nller, t o go partir, to go away 

arriver, to arrive rester, to remain 
enlrer, to enter sortir, to go out 
mourir, to die totnijer, to fall 
naitre, to be born vemr, to come, and some 
of its derivatives. 


Continued 
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XCII. Attributive Clauses. The atti i- 
bulivo clause rejircsents t-be attribute to the 
subject in the principal sentence, and is 
generally joined to the other juirts of the 
sentence by the conjunction taj?, or by interro- 
gative or relative pronouns. As a substitute 
for an attribute, the attributive clause, like the 
attribute, answers to the question UMiJ fur ciu 
what sort of i In the sentence : CS‘v vyrt miv ten 
'Ihirciff ter 'llhd)rl;cit fciiier Tar'ftcUuiuv lie gave 
me the proof of the truth of his version, 
t he substiintive attribute answering tlieque.sihm 
'ithiii fiir fitieii SBeun'iti? is : 

i‘lc. The attributive clause, by Avhich it may 
1)0 replaced, would bo : (5r lyit luir ten 
t a f? feinc TiarjlcKuiuj U\d)v fei, He gave me the 
proof that his version is true. 

XCIll. Relative Clauses. Attributive 
adjective.s can be replaced by attributive clauses 
connected with the princij)al sentence by the 
relative pronouns tcv, tic, tat\ U'cleter, u>acf, or 
by the conjunctions [see XLV., 2) nc, tu, une, 
ivailii, etc. TJie relative pronouns agree in 
gender and number with the eorrespoiuliiig noun 
ill the j)rincii»al sentence, but the ease i.s deter- 
mined by the predicate of the subordinate clause. 
In the sentence : tiiu falser '!l3aum cvi|nirft tvUJ 
nhht, A barren tree does not please (refresh) 
the eye, the adjective-attribute fal'l can be 
replaced by an attributive (relative) clause : 
(<111 'Ihuim, ber Fal;t ift, crvpiiitt tacs bHui^c md)b 
A tree that is barren, etc. lictc iiicih fcf^lcr^ 

lofc JUiiter, I do not like faultless children, and : 

lick nul)t h inter, tic fclhciici5 jint. iff ciu 

9}}anit, teffeu ^ilfe icf) betarf, This is a man 
whose help I need. ill fin 2Jlami, tern (3) 

nid?t {|cl;olfcn ivertcn faun, This i.s a man to whom 
help cannot be given. ijt cin 9)lann, ten 

id) bvaad;f, Tliis is a man whom I want. Jt'icd 
fint i*eutf, tif unr ffiinen, These are people whom 
wo know, iff fine gran, tcven §i(fe id) 
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bctvUf, This i.s a woman whoso help I want. 
Ill these examples it will be seen that gendci- 
and number ()f tlie relative pronouns are deter- 
mined by the nouns to which they refer, whilst 
the ca.se i.s influenced by the predicate of tlio rela- 
tive clause. Sometimes the relative pronoun is 
ilependent on the adjunct substantive, in which 
case it must be in the genitive (teffen, beven) ; 

1)1 cin 3}lami, an beffen sBcifall miv liciy, 
This is a man whose approval I care for. 

1. If the attributive clause refers to a sub- 
stantive, the relative pronouns ber, tic, bait and 
ivchtcr, mcld;c, U'chhcci, (ire employed. The choice 
between the two grou[)s i.s generally decided by 
euphony : (Sv brad)tc ben 'Hj^cb, mddjen (or ben) ietj 
i)c)tcvn i^efanft l;atte, lie brought the table wliieli 
I [bad] bought yesterday. Ihit if the relative 
clause refers U> a personal pronoun, only the 
relative pronouns ber, bic, bae<, are admissible : 
'•h'ir faben ibn, ber (not metd^ev) un*? fnil)ci' ?luafuiift 
i^Cv^cben battc, AVe saw him who had previously 
given us information. CSr belcibiidf inid;, ben (not 
U'cldjen) ev pim cr)hn SDlalc fat;, lie insulted me 
whom he saw hjr tlie first time. 

2. If the relative clause refers to tlie neuter 
of a dcim ) n. strati ve pronoun, or of a sub.sUintivc, 
or of an iiulefinite numeral, it has to bo intro- 
duced by the relative pronoun or its con- 
traction with prepositions, like tromif, moburd), 
UH'pi, ircram?, etc. Examples : C'fr faj^le miv 

ma«< er Umjhe, He told me all he knew. 
If the relative clause refers to a substantive, 
mail and its contractions are usually not employed : 

bad (not mac) i(b fauftc, The bed which 
I bought. The relative pronoun mad is, of 
course, subject to declension. 

3. Relative Adverbs are : mo (mobiii), ba (aid, 
meim) — mo referring to place, and ba to time. 
5M?o (mebin) is used instead of an bem Dvtf, an 
melcbcm .... (an ben £)rf, an mefeben ....), in the 
place where . . . . ; and ba (a(d, man) instead of 
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^nbct U'fldjcr . . . , at tlio time when . . . etc. 

Examples; Jtcuuft bu bvu^ Vaiib, tv o bic Oitvcncu 
biul;u V ((^3cfll)e), Km > west tliou the land where 
tlie lemons blossom ? Vim b a tvir \\m pim 
crflcii aJhile faljcn, On the day wlien we saw each 
otlier for the first time. 

4. The contraction of relative clauses lomls 
more vigour and terseness to the sentence. The 
relative clause in the sentence Ter CMvaf, ber ei u 
V 0 r ^ u vt I i d) e V 9? c i t e v tv a r , fticv^ in ben <2attc(, 
The count, who was an (ixoellcnt liorseman, 
mounted into tlui saddle, can be contracted 
by tlie omission of the relative pronoun „bcr'' 
and the finite auxiliary (copulative) verb „tvav" : 
Ter (Mraf, eiu vor^u^ditf)er Oicitcr, fticvt in ben ^^attel. 
The contractiKl part of t.he relative clause takes 
the case of the noun to which it refers : Ter ^Ifat 
bfV Vlrdce‘, ber cin iYreiinb nnierer gamilie tvar, fd)icn 
i^ut, The advice of the doctor, who was a friend 
of our family, seemcKl good ; but Ter ^Ifat betf 
Vlr^ft^, ciuee* greanteef nnferer ?gamilie, fdiieii ipir« 

Tf the predicate of t he relative clause is a verb 
in the passive voice, tlie relative pronoun is 
ilropped and the verb takes the past |)artici])le : 
f^'r lebt in einem Torfe, (tveldjec) (^iernl)anfen iV*^aunt 
(ivirb), lie lives in a village (which is) called 
(lernhausen. 

XCIV, Adverbial Clauses. According 
to the dihbrent groujis of adverbs there arc 
adverbial clauses of place, time, manner, cause, 
etc., which can bo p]ace<l at the beginning, at 
the end, or in the middle of the sentence. The 
adverbial clause must not bo confounded with 
the ordinary adverbial ]dirase of place, time, etc. 
The former is a completa clause with subject 
and predicate. Thus, \vc immer, an alien Crtcn, 
wherever, in all places, are merely adverbial 
phrases of place; whilst VlU' iunner id) and) bin, 
Wherever I may lie, is an adverbial clause of 
place, witli subject and predicate. 

1. 'I'he adverbial clause of place answers to 

the (|uestions Where;' VihdmiV Whither.^ 

VlU''^fr ? Whence ^ by which con junctions it is 
generally introduced ; whilst the correlatives, 
ba, bolt, etc. frc(|iiontly occur in the juincipal 
sentence: o VidH ijl, ba ift and) '^diattcn. 

Where there is light-, there is also shadow. To 
distinguish between adverbial clauses and attri- 
butive clauses of place, which are intrcxluced hy 
the same conjunctions, it should be ivinembcrcd 
that the former answers t(i the (juestion 'Ilk' ? etc., 
and the latter to 'Uhv? fiir fin i 'III o id) c b o r c ii 
bin, ifl meine ^'peiinat, Where I was born is my 
home, is an adverbial clause of place. 
((.Question: 'll' o ifl mciuf ‘^icimatV) But in 
Tcf iDrt, ivo id) itd'orcn bin, ift inciiic .t»cimat, 
'J’ho place where I was born is my home, 
the relative clause is at-trihiit ive. (Question : 
'Ilk'll fur cin Dvt 0 

2. The adverbial clause of time answ'ers to the 
questions 'li^ann ? When ^ 'li’ic (aiiitV How long? 
'^cit U'ann ? Since when ? '^it^ mann ? Till wlicn ? 

{a) Tf the actions in the principal sentence 
and in the dependent danse coincide, these 
clauses are introduced by the conjunctions alc<, 
ii'if, icfun, iranu, febalb, fcmic, n?dt)rcnb : ct fam, 

id) frvt, As ho came, I went away, 


U'clltc cinftciitfii, n>a!)vcnb ber 3iut ab^ino* We wanted 
to get in whilst the train was starting, etc. 
The predicates of both paits of the sentence 
take, of course, the same tense. If the con- 
juiiclions menu and ivanii are omitted the 
soqiieiico of words is the same as in an iiitcrro- 
galive sentence : Iiknu idMviftevtomme, Wa'lUn ivir 
frbblid) fciii. When T return wo will he merry ; 
but ; .Homme id) loicbcr, mol Ion mir ftd)ltd) fein. 

(6) If the action of the dependent clause pie 
cedes that of Mie principal sentoiico, the forimu- 
is introduced by nadibom, after : IHadibfin id) ifun 
mcinc 'llleiniuut vtefa^v bevnbi^V^ fid'» After 
1 had told him my ojiinion, he oalme<l down. 
Here the imperfect in the principal sentenct* 
correspomls with the jihiperfect in the dependent 
clause. 

(r) If the action of the princij>al sentence 
precedes that of the de])endent clause, the latter 
is introduced by f()f, bfoor, before : lue fO, fl)f fo 
pi fviit ift. Do it-, before it is too late. 

{(i) The adverbial clauses answering to 'll' if 
laiiip? How long? v^fit maun? Since when? 
'Ikd maun ? Till when ? are introduced by the 
conjunctions feir, since ; bio, till ; inbfm, ma brent, 
w’hilst ; inbea, meanwhile; folanc\f, as long as; 
and nun, now: ^cit tn ta bift, fiiblc id) mid) mietcr 
mobl. Since you have been (are) here, I fetd 
w'oll again. 'lUcibcn 2ie bier, bu< id) femme, Stay 
here until 1 Ciune. 

8. Adverbial clauses of iikmIo and manner 
answer to the questions IlUe ? How ? and Iluf 
mfld)c 'likifc ! In which way (manner) ? 'riiese 
clauses can be (a) comparative, or (h) conehisivo. 
In (a) the subjects of the principal sentence and 
of the adverbial clause are compared ; in (0) a 
conclusion is diaw n in the one from the other. 

(a) ^Idio comparative clause is introduced by 
the conjunctions mif, ale<, ii'ic- -fo, fo — fo, aldbaf?, 
alo cb, aic menu, mic mfim, intern, otjuf bap, jc nad). 
tfin, jf — bfflo, infcffni, iumiffeni, infomfit, inmiemfit. 
The siiuilarily of the fdqccts comjiared is indi- 
cated by mie, the superiority or inferiority by 
ala [sec LV., 5, t)|: jlavf mif (.tifen, strong as 
iron; ftavter ala I5ifcn. str<*nger than iron. 
If the princi])al sentence and the oomparative 
clause have the same subject and predicate, 
these can be <lropped in the comparative clausij 
after the con junctions ala and mie: t^r lifbt feiiie 
'Ibid'fv, mif (er) fenft nid)ta aiif tSiben (lifbt). He 
loves his books as h(‘ loves nothing else on 
earth. Comparative claiistis introduced by ct)nf 
bap can also Ix' contracted if tlujy have the same 
subject as the ])rincipal seiiteiiee : (fv fltiumt pi, 
cbiif bap ff bariiber fin 'IlU'vt vcvlifvt can be con- 
tracted (w ith omission of bap, and with the pre- 
positional inliiiitive of the verb) into: tiv ftimnit 
pi, ol)nc bavuber eiu IBcrt pi Dctlicvcn, He assents, 
without w'asting [losing] a word about it . Com- 
jmrative clauses introduced by inbfin arc con- 
tracted by omission of the conjunction an<l 
.subject, the verb being jmt in the ])articiple 
]n*cscTit ; flanb aiif, inbfm fi bfin .li'flliifv eiiif 
£ilbfrmfnip ptmarf, and Cfr panb anf, bfm Jfflliifr 
cine ‘Sitbetmimp pimcrffub, He got up, thrnw'ing 
a silver coin to the waiter. 
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(6) ConcluHivo cbiuses are introduced by 
fo— tap, frtap, tap, ,; 5 U — aUtap, etc. ba§ is 

followed by the subjunctive: U'ar ju emgt, 

aU tap id) ipm Ijattc autu'evtcn feimcii, or 
contracted (with omission of the conjunction, 
and willi the intinitive with urn ^it) : uvu* 

fivc^y, inn itm antnuntcu tonuen, 1 was too 
excited to be able to answer him. iS.t UMt .^u 
iH'vpdniiV ala tap cr ten *l?at bcuMid l)dttc, or con- 
tracted : ("^v U'ar gu terftc^tii^ nm ten )liat bf; 
fi'lv^fU, lie was too cautious to follow the advice. 
The contracteif form is distinctly preferable and 
is generally employed. 

4. Advorbial claii.scs of cau.se dtmote (a) the 
cause, (6) tlui purpose, (r) the condition, (//) the 
conces.sion of an action cxpro.ssed in tlie prin- 
cij)al sentence. 

[а) Clauses of cause are introduced by the 

conjunctions U'cil, intcui, ta, taturd) — tap, taran 
— tap, taiH'it — tap, taraua — tap. Examples: 
.'Ich iliWi] fevt, trcil (^ic niefu famcit, I went away 
becau.se you did not come. Ta cr nid'ta fai^tc, 
H’Vvid) and; id; iud)t tainui, KSince ho said nothing. 
J, too, did not speak about it. The clauses of 
cause introduced by the conjumdions ta and U'cil 
can ))e contracted by the omi.ssion of the con- 
junction and the subject, tlic verb being put in 
the participle : T^a id; iiiit tiefev iiidn 

tiiibfrftantcii irav, brad) id) tfc 'lUrbautlun^fii ab, 
x\8 I did not consent to Mii.s stipulation, 1 broke 
ott’ the negotiations ; or coiitractc<l : yilht bifiVr 
I0cbiiu]uuc\ uidU cinaerilaubcn, brad) id) tic 'd>fil;aiib^ 
I mute n ab. 

(б) Clauses of j)iirpose are introduced by tlie 

conjunctions bam ir, auf bap, bap, etc. (sometimes 
with the correlatives barinn, beatuilb. pi biefem 
3medc, in the principal .sentence). ^J^he verb in 
tlio.se clau.sos takes the subjunctive mood; 
CSt fvrad; Icifc, bamit il;ii iiiemarib l)crc, lie spoke 
low, so iliat no one should hear him. The 
contraction is eflcctcd in the usual way, by 
oini.s.sion of coiijunetion and subject, tbe veil) 
taking the prepositional intinitive with pi or 
mil pi : |d)cmc tciiie 3Lliul)c, bamit ftc pi ibm 

vtclaiutc, or '3ic fdicuic fcinc SUb’ibc, urn pi ibm pi 
vtclaiutcu, She shirked no trouble to get to him. 

(c) Conditional clau.ses are introduced by 
falla, loemi, iroKrii, uu', im 5Vallc bap, sometimes 
with a correlative fc in the principal sentence: 
Salia ca rei 3 nct, fo femme id; iiid;t, If it rains 1 do 
not come. If the conjunction of the subordinate 
clause is dropped, the verb must ijrecode tlui 
subject: dtf^nct ca, fe frmme id) iiid;t. lfaclau.se 
introduc(‘d by tveiui is contracted, the conjuuc- 
tiou and subject are omitted, and the verb 
takes the jiast particiide: 'ilibiin cr iptvctcii U'irb, 
frfimmt fid; and; ber^IBurm, or contracted : (Mctretcii, 
fnimmt fid; and) ber ^lihivm, Even the worm will 
turn when trodden on. 

{d) Clauses of concession are introduced by 
U'cim aiK^i, mcnn^lcid;, u'fun fd)on, cb and;, cbyjicid), 
obfc^cn, cb'Dcl;!, Unc and;, micU'cM, although, some- 
times with a correlative fo bocb or fo bennoe^ in the 
principal sentence. The conjunctions U^enn, ob, 
are sometime.s dropped for reasons of euphony, 
in which case the sequence of words is the same 
a» in an independent interrogative sentence : 
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5iienn and; baa Utujlucf ibn tief vjebcu^t ^ttc, fo 
licp cr bod; ben nid)t linfen, Although mis- 
fortune had bent him down, he did not lose 
courage ; or contracted ; ^atte il;n and; baa Un^Uuf 
lief flfbcngt, fo licp cr bod; ben ^h\t nicibt finfen. 

EXAMINATION PAPER XXIII. 

1. To which question does the attributive 
clause answer, and for what reason ? 

2 TIow are relative clauses connected with 
their principal sentences ? 

3. What determines the gender and number, 
and what the case, of the relative pronoun 
in an attributive clause? 

4. Wh(‘n i.H it necessary to employ the relative 
pronouns ter, bic, baa ; and what consideration 
docide.s, in other cases, the alternate use of 
these pronouns and of U)cld;cr, loc(d;c, loclcbca ? 

5. Which relative pronoun must be used, when 
the relative clause refers to the neutor of 
an adjective in the superlative? Undm- 
Avhat other circumstances is the same 
])ronoun to be used ? 

r>. How can relative clauses be contracted? 

7. What are adverbial clauses, and how' are 
tlu‘y groii ped ? 

S. How is it possible to decide whether dt*- 
pendent clauses introduced by the con- 
junctions iiH'. )iH'l;cr, irobiii, arc adverbial 
clauses of place or relative (attributive) 
clau.ses ? 

9. What is the dillenmce between an adverbial 
clause of place and a mere adverbial phrase 
of place ? 

10. What tenses are used in the principal 

sentence and in the adverbial clause of time 
(rt) if the actions of both coincide, (h) if the 
a(;tion of the depcndcuit clause precedes 

that of tlie principal senttmee? 

11. What rule determines the use of mic and ala 
in comparative clauses ? 

12. How can a comparative clause be con- 
tracted? Anti how are clauses of causts 
purpose, and condit ion contracted ? 

ExKKrisi: 1 («,). Insert the missing relative 
pro! loll ns : 

Ad) faiifte bcu .)>ur in bem Olcfi'^aftc, .... fid; 
I bouglit the hat in the shop [which 

iKtcnau I'cjinbi’t. Tica unbcvfiitv miv, .... bod; 
i.s] next ch)or. This happened to me who knew 
bfU ctfimii faiintf. I5:v ftolltc niir feinc Srau inn-, 
the way exactly. He introduced to me liis wdfe 

id) i'orl)cr nod; nie ^efetm battc. ift ber ^il'iaHn, 

whom I had never .seen before. This is the man 

. . . ^o()ii nna l;tcvt;fr fid;rtf. 3)ica ift bie 

wlioso son conducted us here. This is the peasant- 
'Baiicriii, .... Xod)tfr uiia bcu bade, 

w'oinan wdiose dau.i^hter liad shown us the way. 

^I^aamai* Vlllca id; evfaf;rcii fciuitf. JDaafa^cn Sir, 

This was all I could learn. You say so, 

— biea boc^ beifer miffen foUtc ? iDaa fa^tc ber 51?anii, 
who ought to know better ? The man said so, 

— bica bdttc bcifer miffen muffeu. JDaa .H'liud'le, 
who sliould have known better. The best [wisest] 

— unr hill fennen, ifl, abjurcifew. gab iiid;te!, 
we can do, is to dejjart. There was nothing 

.... cr hmgte. 
that he did not know. 
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(6). Form attril^utivo (relative) clauses of the 
following sentences : 

3cf; faiifie ben in fccm ncbctuni bcnnblid^en tMcfdjaftc. 
1 bought the hat in the shop next door. 
(See first sentence of exercise la.) 

VlKc baran i^eivanotc ^ll«n()c u\u* ivriV'Hid). 
All the trouble spent on it was wasted. 
3d) bcfch^c ben inir cvtciltcn iliat. v^ic 
T followed (he advice given to mo. She 
fd)enftf if)m cine uumbcibav bnflcnt'c iWofe. 
presented him with a deliciously smelling rose, 
(^r icic(tc mir bcii fiir^cftcn 
Ho showed me the shortest way. 
Exkrcisk 2. Insert the correct conjunctions 
of comparison : 

3d) fhl)lc mid) fo mohl, .... cin ?^-ifd) im 'Jl'affcr. 
I feel as well as a lisli in llie water. 
3d) fhf)lc mid) mcblcr, .... cin i^ifef) im '.HUiffcr. 
I feel better than a fish in the water. 
. . . . bic '2cnne anc« ben 'iltclfcn brtd)t, fo 
As the sun breaks forth from the clouds, so 
trat bic ‘iVee aiicJ bent 'iltHtlbc«>bnnfct bevvov. 
the fairy stejiped out of t he darkness of the forest. 


Unfer (Mavtcn ill melt fcfjoncv . . - . bev fcinc. 
Our garden is far more beautiful than liis. 
(vr licbrc ilm, . ... cin 'timber ben nnbcni [liebt]. 

lie loved liim as one brother loves the other. 

Key to Exeik isk tn Examination Paver 
Pa<ie 407 (j 

rent dUnbf mnvbc befohien, im Aimmev pt blcibcn. 
rem .ttinbe iturbc bcfoblcn bapt blcibcn. 3d) bat 
ibn miv pi t)clfcn. 3d' bat tint miv mit cinivym 
(Metre ani'pibclfcn. 3d> bat il)n pd) cin|bvcilcn 
obne midi pi bcbclfcn. (fr cvfiartc nid)t«5 bav*on pi 
ti'ilTcn, or : l5r cvHartc, cr miiTc nid)to bavon. rev 
'Ipatev fuvd'tcic, (cin '2olm muvbc ibm uid)t».^ mittcilcn. 
3d) f)offc nu'i\pn fiul) abpivcifcn, or : 3d) t)offc, id) 
merbe moi\]cn fiiil) abveifen. (vo mar, fai^tc cr mir, 
fd)vctflid). Ter .Uoniir miirbc, bcrid)tctc ble 3citni^, 
vdan^enb cmvfaiupn. rcii Ivuvvcn UMirtc ber )bcfci)l 
fvtcilt bao 3‘cncr pi croffnen, (Mcnatten '3io mir 3l)ncn 
allcct pi crpil)lcn. (f'llanbcn -2ic mir ^^ic nvid)ftcm' 
pi bc|nd)cn. ^Icmiip, aber tvad)tcn ^ic ben 3n^ »id)t 
pi ocrfaumcn. "l>cvba(t co fid) fo, bami blcibc ict) nod), 
‘•'iihinfd'cn ^3ic co uid)t, fo mivb co cinfad) nid)t 
9 cfd)c()cn. 


CONVERSATIONAL EXERCISES 
IX. Forms of Courtesy 

(Generally speaking, the Gormans are far more formal and courteous in conversation than the 
English, and have many expressions and quaint forms of speech which do not exist in English. 
Thus it is eustomary to say „(Mntcn (good appetite) before, and „'>tbinfd'c n'ol)l ipfvcijl pi ()abcn'‘ 

(1 hope you have dined well) after a meal; or to exclaim „3nnt 'idoblfcin on liearing somebody 
sneeze. The custom of addressing people by t-heir full title is carried to such extTcmes that the wife 
of a small government official is addressed, by her husband's title: „'3*ran ^S>tonercinnc()merin" (Mrs. 
tax -collide tor). To make these forms clearly intelUgililc, they are here literally translated. 


G ood-morning ! G ood- day I G ood- c vening ! 
How do you do ? 

(Jluito well, thank you ; and you ? 

Well, not particularly well; I have caught a 
slight cold. 

Good-bye ! God be with you ! 

After you ! 

Your health ! 

FarcAvell ! 

May we rnet^t again soon ! 

(lood-night [gracious | madam! 

T am pleased to have made your acipiaint- 
ance. 


(Mutfii 'ifiovvpn! (Miitcii laitl Wuten \'lbrnb! 

'llUe vpl)r cc 3 l)ucu ? 

Tanfc bcftcnc*, ypit ; uuD 3bncii ? 

?hin, nid't pirn 'IVftcii ; id' babe mid) ciii mciiiv^ 
cvfalict. 

\Hbicu! (Mott befol) ten ! (Mott pint (Mnific! 

'.itad' 3i)ncii ! 

'k'vofit ! ?(nf 3l)r '.IDobf ! 3l)rf (Mcimibbcit I 
Veben 3ie mobl ! 

Vluf 'liUcbcvfchcn ! 

(Mute 'Jtad't, spuibiiic 3 van I 

(io bai midwpfrcnr, v^ic feunen pi Icincn, (on 3 brc 
U'cvic 't.V‘tauiufd)aft pi madden). 


X. Concerning Time 


What o’clock is it ? 

Eight o’clock. A quarter past eight. A quarter to 
nine. Five minutes past nine. Half past eh^’cn. 
The tTaiii leaves at 2.20, at 3.30 ]).m. 

The fiist train arrives at 4.45 a.m, 

I shall be with you at live minut(!S to six. 

1 shall only wait for you till a quarter past six, 
then 1 shall go, as the iierformancc begins 
at 7 o’clock sharj). 


'M^c bid llbr (U'ic i>ar) ift ca? 

XHd'lUl)r. (iiii 'I'icvtcl uad) ad't Ubr. T^rciuiccrcl iicuu 
Ubr. 3’nnfi.l)bniitciMiad) nenn. '^alb poblf Ul)v. 

rcr ipbr nut 2 llliv 20 'IVinnrcn, nm balb bier 
nadMUittaiV' ab. 

iTcr ^d'licltpiv^ fommf nm rreibiertd fiinf llbi 
nu'Vipni.’t an. 

Svi'inf ^JHnntcn bor fcd'ci lU)v bin id) bci 3l)ncn. 

3ih made nnv bib cin ‘‘lUcrtcl nad' fcd)b anf (Sic, bann 
ipbc id' fort, ba bic $ bcatcvbovftcllniut nm vtdeife 
7 U()r bi\pnnt. 


XI. Concerning Relationship 


That young lady is a niece of the officer who 
travelled with us. 

3ry nephew lived twelve months with his mother 
in London. 

T have a cousin at Breslau and an uncle at 
Magdeburg. 


3cncb Grankin ift cine l>iid)tc beb Cfjipcrb, bev mit 
nnb rciftc. 

SDkiu yicffe Icbte cin 3ai)r taiuj mil feiner niter in 
V cub on. 

3(^ babe cinen ^Better in ibrcbUni unb einen Dnfcl 
in 3Jlavtbeburg. 
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I think there were several brothers and sisters ; 

has the child any brothers or sisters ? 

The grandparents took cliarge of the little girl. 
Uow' many grandchildren has the Count ? 

He is a stepbi other of my brother-in law. 

Do you know my sister-in-law ? 

The bridegroom anti the bride came to see us. 
The children arc twin-sisters. 


c^taubc umrcu inclpeve ©ruber unb ^d;\oejlei*u 
ba ; l)at ba^ .tiiiib ©cfc^liuflet ? 

C^hojdteru nalpnen bte Jl’tciric jit fic^. 

'hiie I'iel C^iifd bat bcr ©yaf 
(Sr ift fin Stiefbnibev meine^ 

.Uenucu nteine • 

'Tcv ©vautiyvun inio bic ©rant mv\d)tcu imts ciucu ©efudj. 
5 >ic .H inbet fiub 3nn((iu3e(fd)u>cfleru. 


Continued 


SPANISH By Amalia de Alberti & H. S. Duncan 


VERBS — continued 

The Reflexive Verb. Reflexive verbs 
are so called because th(\y arc conjugated with 
a pronoun object identical with the stdjject. 
Examples : 

alaharse, to praise oneself 
^me nlabo, I praise myself 
tc alohdSy thou praisest thyself 
.96 alnha^ he praises himself 
nm alabdnwa, we praise ourselves 
os alahai,% you prai.se yourse!lve.s 
se aldban^ they praise themselves, etc. 

Many neuter and passive verbs have only the 
relloxive form in Spanish. Examples: 

alegrarsi\ to rejoice 
arrepentirse^ to repent 
quejarse^ to complain 
hiirUirsef to mock 
enfadarsey to get angry 
levantarsfy to get up 
m'ustarsey to go to hed 
llarmrsey to b<' calk'd 

Verbshaving only the reflexive form in Spanish, 
when active or neuter in klnglish, may be con- 
jugated with spy itself, and the dative pronoun 
lo distinguish the person. Examples : 

me aleqroy or se me aleqniy 1 rejoice 
te aleqraSy or se te aleqra, thou rcjoicest 
se aleqrdy or se le aleqnty he rejoices 
iws aleqrdmosy or se nos aleqray we rejoice 
os alegraisy or se t)S aleqray you rejoice 
se aleqraUy or se les aleqray they r<;joice 

Reciprocal Verbs. When rellexivc verbs 
in the plural rett;r to two or more persons 
separately they are called reciprocal, and the 
pronoun object is rendered by each other wheMi two 
are intended and one another when several are 
indicated. Example : se a many they love each 
other, or one another. 

As se aman may also mean they love them- 
selves, when any doubt is possible such phrases 
may be strengthened by some addition. Ex- 
amples ; 

se aman d si misnwsy they love themselves 
St aman el uno al otro, they love each other 
se a7fM7i los unos d los otros, they love one another. 

The Passive Voice. The x>ASsive voice, 
as already explained, is formed by the simple 
and compound tonse.s of tho auxiliary verb ser 
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joint'd to the past i)articiple of tho verb to bo. 
Examples : 

soy aniadOy 1 am loved 
fni amadoy f was loved 
sere arnadoy T shall he loved 
haher sido amadoy to have been loved 
The passive voice is little used in modern 
Spanish, but is generally replaced by the re- 
flt'xive construction. Example : 

El lihro se vendio muy baratOy Tho book was 
sold vtMy cheap ; rather than fae vendido. 

'riie passive voice is preferred in narrative of 
past events. Example : 

M nchos soldad os fiii.ro n m.atados en la batalla. 
Many soldiers were slain in the battle. 

The Participle. The past partieipk? 
is looked upon as an adjective, and agrees with 
the noun in gender and number when used 
as an adjt'ctivo without tho verb, and wIk'U 
<M)njugat(‘d with any verb as auxiliary excepi- 
haber, VV'^itli haber the participle is always 
invariable. Examples : 

Elios han leido las cartasy They have read the 
letters. 


Faih cartas estdn Indas, Tha letters are read. 

Las cartas leidasy Tho letters read. 

Participles are considered irregular when 
they do iiol end in ado or idoy according to their 
conjugation. 

'Pile following regular verbs have an irregular 
past participle 


In fin itire 
ahriry to f)pen 
enhrir, to l Over 
escribery to write 
impritniry to print 


Participle 

ahiertOy optmed 
ctihierlOy covered 
escritOy written 
imqiresoy ymntcd 


All the deriv ativtvs of tlm above verbs have the 
same irregularity. Examples : 

desenhriry to discover descAihierto, discovered 

cnenbriry to conceal encubiertOy concealed 

inscribUy to register inscritOy registered 

Impersonal Verbs. Impersonal verbs 
are those which can only bo used in the third 
])er.son singular, and whovso subject in English 
is it. They are intlected according to their 
conjugation. Tnie impersonal verbs refer to 
natural phenomena. Examples ; 


llovery to rain 
nevar, to snow 
helary to freeze 
tronavy to thunder 
amanecer, to dawn 
anochecery to grow dark 


lluevey it rains 
nievay it snowfe 
Mela, it freezes 
truena, it thunders 
amanecty it dawns 
anochescy it grows dark 
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The two last may be used personally. Ex- 
amples : 

Anuineci cn Londres^ I reached London at dawn. 

Arwchecimos en Paris , We reached Paris at 
nightfall. 

The following are examples of the different 
methods of rendering the English impersonal 
“it is “ in Spanish : 

Es verdadj It is true Hace frio^ It is cold 

Ast es. It is so Hace. sol. It is sunny 

Estd hclando^ It is Race, tres dias^ It is 
freezing three days ago 

Ray diez tnillas de aqv'i. It is three miles from 
here. 

ilias vale tener poco qiic nada, It is better to 
have little than nothing. 

Note. Race is always used with ref<‘rence 
to time, and hay with reference to distance. 


Vocabu- 

Vocabu- 

Vocabu- 

Vocabu- 

lary 

lario 

lary 

larlo 

A cowJienl 

t’n va«|uero 

A baR-pipo 

Una Raita 

A wateririj?- 

Tina reKa<lera 

A fif(‘ 

Un ptfano 

pot 


A elari«>u 

Un c^larin 

A spade 

Fna azada 

A spring' 

Un maiiantial 

Shears 

(J.as) eizallas 

A torrent 

(bi torreiite 

A shearer 

Un esqiiilador 

A rivulet 

Un arroA o 

A thrasliing'- 

Una iii.a(]uina 

A canal 

Un canal 

niuehitie 

<lc trillar 

The ealm 

La <ralma 

A coriiri(!k 

Una hacina de 

The storm 

La tempestad 


triRO 

A hor.seman 

Un jinete 

A seed-plot 

Un seuullero 

A horse 

Un eaballo 

A footpath 

Una senda 

The reins 

Las riendas 

A hilliard- 

Una mesa de 

The hit 

El fnaio 

table 

billar 

The 

La harba<la 

The halls 

Las holas 

The sjmrs 

Las espue'as 

A ) 4 'ainc of 

Un jnej-o do 

The R-irth 

Ljis «‘inehas 

ohess 

aje<h'ez 

Th(* sad<lle 

La silla 

A game of 

Un juoRO do 

} The stirrups 

Los esl ribus 

draiiKlits 

damas 

I The liorse- 

l..a Rualdrupa 

draujfht- 

hoard 

Un tablero <le 

dotli 

damas 

The eapariso 

1j 1 eapamzon 

A dioe-bo.x 

Un eul)ilete 

To break a 

Dumar un 

A pawn 

Un peon 

horse 

caballo 

The t)owling- 

El holeo 

The horse- 

El <lomador 

ftTcen 

Horse races 

Carrera <le 

breaker, 

trainer 



eaballos 

To saildle a 

A pare jar 

The fishin^f, 

La pcsca 

horse 

ftshery 

The harness 

El aparejo 

Fenein^ 

J.a esjfrima 

To trot 

Trotar 

To smoke 

Fuinar 

To anihlo 

Amblar 

A clixar 

tjr> eiyarro 

To ifallop 

(Jalopar 

A Havana 

Un liubium 

KoraRo 

Korraje 

A ei'Karette 

Un eiRarrillo 

(_)ats 

Av(*na 

Tobacco 

Taluu'O 

('orn 

(Jrano 

Tobacconist 

Taba<iuero 

Hay 

lleno 

A pipe 

Una jiip 

bran 

Afref^ho 

A blunderbuss 

Un trahueo 

'I’he eiiRaRe. 

Kl eonipro- 

A harp 

Una arpa 

ment 

miso 

A flute 

Una flauta 




Exercise XIV. (1) 

Translate the following into Spanish : 

1. Will you play chess ? I eannol play as 
well as you. it does not matter, 1 will give you 
the queen and jjawii. 

2. Very good ; but after finishing a game of 
che.ss wo will play one of draughts. I think I 
know tliat game very well. Here is the board. 

3. Take a cigar ; they are good ; they are 
Havanas. Thanks, I do not smoko. And your 
brother, [does he] smoke ? My brother smokes 
cigars, cigarettes, and a pipe. 

4. The Scotch play the bagpipes, and they are 
the only [people] in the world who can play 
them. 

5. This water you see hero is a spring of fresh 
water. 

6. This is a rivulet in summer, and a volumin- 
ous river in the winter. 


7. Calm comes before a storm. 

8. Ho says he is a good horseman and he 
cannot manage his horse. 

9. Do jrou use spurs ? Never. 

10. This saddle is old. You should buy a new 
one; and allow me to tell you that the stirrups 
are too long. 

11. This horse is very spirited; it must bo 
broken in. That is easy, 1 have a good trainer 
in my stables. 

12. The hainessing will be quii^kly done. 

13. It is not well to praise oneself so much, 
as he who praises hims(^lf runs risk of being 
mocked. 

14. Ijct them mock ; I do not care ! 

If). My heart rejoi(ies at the sight of you. 

Id. We arc very [ileased at your good fortune. 

Exercise XIV. (2) 

Translate the following into hhiglish ; 

1. La guerra fue muy sangrienta ; murieron 
inuchos sol dados. 

2. A1 reeibir la triste notieia la pobro mujer 
.sc desmayo. 

3. I Puedo abrir e.sa carta ? Ksta abierta 
desde esta manann,. 

4. El cielo esta encapotado ; so deben tubrir 
osas flores, pues flo segurr> llovera. 

5. He (‘scrito a su s(‘nor padre dandolo parte 
do nuestro compromiso ; verthnos si so digna 
eseribir. 

0. ; Ksas palabras estan impresas on mi 
corazon ! 

7. Hay q\u‘ imprimir oste manuscrito. 

8. La America fue descubitu’ta por (\il6n. 

9. A1 descubrir la estatua, la dcTribaron al 
suelo. 

10. Truona, lluovo y hiola uX mismo tiernpo. 

11. jVaatronar! 

12. Al amanooor salimos d('l pueblo incognito. 

1,3. .Amanoce a las oinco do la mahana. 

14. Al anoohocor Ilogamf>s a nuestro destino ; 
fue iina jornad.a larga. 

15. Es vordad quo hay (loc(^ millas do aqui 
a San Juan de Luz ? 


Prose Extraot XU. 


Passages from an b]ss 
Larra, entitled “ Quiei 
is the Public ?). 

This word public 
which is alw.'iys in 
every man’s mouth in 
support of his opinions, 
this accommodating 
servant of every party 
and every o])inion, is 
it a word void of mean- 
ing or is it a real and 
actual living being ? 
Ace(»rding to the 
amount of talk there 
is about it, according 
to the promimmt part 
it plays in the world, 
according to the titles 
lavished upon it, 
and the consideration 


ay by Alariano Jose de 
i es el Publico ? ’ (Who 

Esa vox publiea que 
todos tra<'n eii boca 
.sifunpre cn apoyo do 
sus opiuionos, esc 
oomodin dc todos los 
partidos, dc todos los 
pareceres, ^ cs una 
palabra vacia dc 
sentido, 6 es nn onto 
real y cfcctivo ? Segun 
lo mucho tpio sc habla 
de el, segun cl papfdon 
qu(' haco on el inundo, 
soguii Jos ox)itotos que 
sc Ic prodigaii, y las 
considcracionos que so 
le guardan, imreco que 
debc do scr alguicn. 
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Hhown it, it seems as if 
it ought to be somc- 
))ody. Tlio public is 
enlightened, the public 
13 indulgent, the public 
is impartial, the public 
is respectable, there can 
be no doubt, therefore, 
that the public exists. 
Such being the case, who 
is the publics and where 
is it to b<i found ? 

With a youthful and 
ingenuous counten- 
ance I leave my house 
to search for the public 
in these stret^ts, and to 
take notes in my pock- 
et-book of the charac- 
ter, or rather of the 
distinctive character- 
istics of this worthy 
gentleman 

I gather up my notes 
more perplexed than 
ever as regards the 
object of my inquiries, . 
and seek information 
from persons more 
Ici^ed than myself. 
To^y question “ Who 
is the public ? ” an 
author who has b(3en 
hissed replies, “ Ask 
me rather how many 
fools are required to 
make a public.” 

An author who has 
been applauded replies, 
” It is the assembly of 
cul ightened perso ns wh o 
decide upon the merit 
of literary, productions 
in the theatre.” 

Mariano Jos6 de 
Larra (1800-IS37) was 
born with all the gifts 
of genius, marnid by 
a bitter pessimism 
which drove him to 
siiicid(3 at the age of 
twenty-eight. lie was 
the author of one 
historical novel and a 
few adaptivtions for the 
stage, but his fame 
rests chiefly upon the 
vigorous pVose of his 
satirical essays, which 
appeared under a 
variety of pseudonyms. 
In spite of his early 
death he is considered 
one of the foremost 
authors of the century. 


El piiblico C8 ilustrado, 
el publico OS indulgente, 
el publico es imparcial, 
el pAblico es respetablc : 
no bay duda, pues, en 
que exist© el publico. 
Kn este supuesto, 
I Quicn es el publico y 
donde se Ic encuen- 
t ra ? 


Salgome de casa con 
mi cara infantil y 
bobalicona a buscar al 
])ublico por esas calles, 
y a tomar apuntaciones 
eii mi rogi.stro aecirca 
del caracter, jior mejor 
decir, de los caracteri's 
distintivos de <ise re- 
spetable senor. . . . 

Reiino mis not as y 
mas confiiso que antes 
aocrca d(il objeto de 
mis pesquiaas, llego a 
inform armo dc personas 
mas il list rad as que yo. 
Un autor silbado me 
dice cuando le pregiinto, 
“ I Quien os el j)ublico*?” 
“ l'r<‘guntadme mas 
bien cuantos necios se 
neo<\sitan para eom- 
poncr un publico.” 

Un autor fvplaudido 
me respondo, “ Es la 
reunion de personas 
ilustradas que decudeii 
on (‘I teatro del merito 
de las producciones 
litcrarias.” 

Mariano Jose de 
Larra ( I SOO- 1887 ) naeio 
con todos los doiies de 
un geiiio, danados ])or 
sus sentimientos jiesi- 
mistos que lo llevaroii al 
suicidio a la edad de 
veinte y ocho afios. Fue 
el autor de una novela 
historiea. y do algnnas 
adaptaciones para las 
tablas, pero su f ama est a 
principalinente basada 
sobre la prosa vigorosa 
de sus ensayos satiricos, 
los cuales parecieron 
bajo varies soudonimos. 
Apesar de su temprana 
muerte osta considerado 
como lino de los prim- 
oros autores del siglo. 


Key to Exbrcisb XIII. (I) 

1. i Desde cuando tiene el soRor 1[>anquero 

M la cruz do ....?’ 

2. Le fu6 conferida despues de la guerra. 

3.. Me alegrar^ dosmentir los rumores falsos 
quo han corrido por la ciudad. 

4. Pue herido de un pistoletazo on el brazo 
derceho. 

fy. Fue el derecho, 6 el izquierdo ? 

fl. Ya he dicho quo era el derecho. 

7. Infcri que estaba malo, no le ho visto por 
muclios dias. 

8. Esc hombro es capaz do pervertir & la 
])ersona mas sabia, sus doctrinas son escanda- 
losas. 

1). i Vamos a la foria ! de seguro que pod- 
remos cunnprar buonos potros y caballos. 

10. El salonde fumar esta al fin del jardin. 

1 1. Iremos mafiana a la fiindicion de canoncs. 

12. El ladron con la garizua abrio la puorta. 

13. El centinela esta en la garita. 

14. Tiene Vd bastantes iivas para hacer la 
vendimia. No, no tengo bastantes, pero tengo 
hermosos racinios. 

L5. i Tiene Vd vinas ? Tengo dos, nna en 
Moginu’ y otra en Jctcz. 

It). El eje se rompio cuando los caballos 
iban al galope y el coehe volco. 

17. 8e repvesenta a la muerte con una guadana 
y un reloj de arena. 

18. J.<os si'gadorcs iienen la supersiicion de si 
al segar corlau algun animal, sea pajaro, conejo 
6 cualquier cosa aiiimada, que han cortado su 
vida. 

19. i)espu(‘s de concluida la cosecha los 
segadorcs bailan en la era, os una costumbre 
que data de la edad media. 

20. T^a fueiite del jardin cs de manuol y el 
agiia muy limpia. 

Key to Exercise XITl. (2) 

1. I come to inquire into tJu' details of the 
theft which took place yesterday. 

2. We can say no more than ivliat wc litive said 
already. 

.3. It would b(^ possible to catch the thieves 
if w'c. made, Jiaste. 

4. It is not worth the trouble ; what tlicy took 
is of little value, and, after all, ” live and let live ” 
comes in well here. 

5. He is a man of strong will, he has risen 
from nothing, and look at the position he holds ; 
think of all the difficulties he has had to conquer. 

<). He is very distinguished. 

7. lict us go to catch the train. It is late, 
and if you do not arrive in time you will not 
catch it. 

8. Be can^ful ; thou art scattering that seed, 
and there; will be none left for the garden. 

9. That woman is very frivolous and auper- 
fieial. 

10. Last night we went to the gallery of the 
“ Theatre Royal.” I did not like the tragedy ; 
the leading lady is too old, and the foading 
man cannot declaim. 


Continued 
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THE MODERN LOCOMOTIVE 

• Atlantic" t3|>e express locomotive, (». N. K.. built at Doncaster works, to the desiffns of 

1 

iJ^Otoi'S, etf. 

bward 
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RAILWAY MANAGEMENT 

Group 29 

TRANSIT 

Division of the Railway Administrative Staff into its^ 

16 

Several Departments, and the Responsibilities of Each 

Ooiitliiueil fruni 
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By H. G. ARCHER 


•yHE policy and administration of a British 
^ railway company is vt'sted in a hoard of 
directors, i)resided over by a chaii’inan and t wo 
or more deputy chairmen. The director are 
elected by the shareholders. A certain number 
of directors retire annually or semi-annually, 
but are eligible for re-eh^ction. Any shareholder, 
provided that he possesses the qualification of 
holding a specified amount of ordinary stock, 
in eligible for a directorship. B(‘sides eUnding 
their directors, shareholders also (‘h'ct. the 
auditors of the eomf)any. The full board of 
directors, as a gen(‘ral rule, meets once e month ; 
but thf3re is a number of dins-torial coinmitt(*es 
whose members confer together, and with the 
managerial chief or chiefs of the particular depart- 
ment which the latt.(T represtmt-, at more fre- 
quent intervals. Forexampk*. tlu^re is a finance 
committee, in close touch with the seeretary. 


for him to sufKU’vise personally the actions of 
every employe, he is accounteci the connecting 
link in the chain of responsibility between the 
board and the lately-joined lad portt'r. (General 
managers have been known to ris(^ to their 
pre-eminent position from vtuy subordinate 
grades of tlie staff. No particular branch of 
the railway s(*rvi(!e can bc^ (‘armarked as hold- 
ing the ladder of success. Trm*, the majority 
of gimeral managers havi^ mounted its rungs 
through tlu^ traflfi(^ dej)artm(‘nt ; but there are 
many instances of locomotive superintendents, 
engineers, and reprcsentativcis of tlu' Legal 
Department having attained tlui “ blue ribbon ” 
of the railway service. 

Administrative Departments. The 

various administrative departments of a grt^at 
railway company are best explained by diagram 
[1 j. The statutory ollieers are schediiltHl on the 
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1. THE EXEtniTlVE OFFICERS OF A tJUEAT BRITISH RAIIAVAY COMI’A^Y 


treasurer, and chief accountant ; a traffic 
com^ttee, who consult with the superinteii- 
denti^Of the line and chief goods manager ; and 
a locomotive committee, who associate them- 
selves with the chief mechanical engineer, or 
loc^omotive superinUindent ; together with Par- 
liamentary, Faret^nd Rates, Debts and Goods 
claims, Hotels, ifecks and iSteamhoats com- 
mittees, etc. 

The General Manager. The responsible 
officer for the whole executive administration 
of a railway is the general manager. He acts as 
chief of the Staff ” to the entire undertaking, 
and although, of course, it is not practicabte 

a8 c. 


reader's left in the diagram. The (‘xistcnco of 
any or all other offic(*rs coneerns the railway 
companies alone, Parlianu‘nt in passing 
I’lailway Bills realises the need of a secretary and 
treasurer only (although the posts may be 
combined by one individual), the former to 
keep the records and registers, and the latter 
to bo responsible for the cash. 

The general duties of these stcatutory officers 
are clearly defined. The secj-etary attends all 
board meetings, and makes record of the business 
done. Ho signs and issues 8to(‘k certificates 
and transfers of every kind, executes mortgage 
bonds, agreements, and all manner of deeds, and 
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his name often appears at the foot of the com- 
imny’s advertisements for tenders, notices of 
shareholders’ meetings, and schedules of the 
bylaws exhibited for public information. Tlie 
secretary, in short, is the legal representative of 
a railway company, while in most matters of 
policy, and in all those of finance, he is the 
advisor as well as recorder. Secretaries are the 
diplomatist/S of the railway service. In some 
instances, a secretary combine.4 the duties of 
treasurer ; but with tlie great companies the 
treasurer’s is a separate department, which is 
subdivided, as shown in the ibagram. 

The Treasurer. Tlio tveasuror controls 
the management, collection, and expenditure 
of the company’s r(>! venue and is responsible for 
<,all the incoming and outgoing moneys to both 
the shareholders and the State ; therefore, he 
must be supplied with the most detailed infor* 
mation regarding receipts and i*xpen<liture from 
every source, together with dt'tailed statements 
of the comjiany’s liabilities. His riglitdiaml 
men are a chief accountant, an expenditure 
accountant, an audit accountant, a registrar of 
stocks and shares, and a child' casliiiu-. 

Besides keeping and checking tlic accounts, 
tlie treasuier is cliarged m itli the prcfiaratioii of 
all financial statistics required by the Boaril of 
1’rade, statements furnislied to the assessor of 
railways for valuation roll purposes, and those 
supplied to the Ineomo Tax Commissioners — iu 
short, all. statements which in any way alTcct the 
financial concerns of the company, d’lic de- 
partmental stalT of the chief accountant of a great 
railw'ay company, whose half-yearly Imlanec- 
sheet runs into several millions (»f pounds, is 
a vast organisation of itself. Jt comprises 
scores of travelling auditors and bookkeepers, 
and a regular army of i^Jerks engaged in 
recording and eJiecking numberless financial 
transactions. 

Railway Revenue. A railway company’s 
revenue is derived from a variety of sources. 
The primai-y Vmsinesrf of a railway is the 
transixirtation by rail (1) of passengers, (2) of 
goods, tender the receipts from passenger traflie 
are included not only the fares fiaid by ordinary 
passengers and s(*ason-tieket holders* but also 
the money ]xtid for the conxi^yariee of excess 
luggage, mails, parcels, carriagcfi, horses, dogs, 
etc. Goods trafiie receipts comprise the jjay- 
nietits made for the trausjiort of minerals, 
general merchandise, and livestock. 

In addition to the above traffic receipts a 
railway company enjoys a large revenue from 
miscellaneous sources — such as stcamlwats, 
canals, docks, house rents, tolls, hotels, refresh- 
ment catering, et(\ A remarkable feature of 
British railways is the large amount of capital 
simk in sleamboat-s, docks, hotels, etc., and the 
large amount of money spent on purposes 
entirely outside the working of tnuiis. The 
companies which indulge most in these “side 
shows,” as they are termed, are the Midland, 
the Great Cenfci'al, and the London and South- 
'Westem. At present there is a strong pr^elic- 
tion on ,tte part of railway companies either 
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to buy up exisjbiim docks« or to build new one.s, 
.and to establish of cross-channel passenger 
and cargo steamers. The Great Northern 
furnishes the most striking instance of a railway 
company which has always steadily adhered to 
the principle of confining its business, as far as 
|H)ssible, to traffic by rail. 

* Stores Department. The stores depart- 
ment forms the commercial arm of the service, 
ft is said of the chief storekeeper that he is the 
only railway officer whose principal qualification 
is that of a merchant ; yet, while he needs no 
special railway service, he can be trained 
nowhere else. In the stores every conceivabk* 
requisit4‘ for railway working is found in stock, 
from the rails, sleepers, and chairs for the 
permanent way and the fuel and oil for tlu* 
locomotive, down to the sponge cloths used in 
cleaning, the tools wdth which all repair’s are 
executed, and the soap and tow'els which tlu^ 
passenger finds in a lavatory. All departments 
are clependeni upon the storekeeper’s vigilan<*e 
and readiness. He has to be a specialist buyer 
of everything, at one moment bargaining 
with a st(‘elmasler for rails, at another with a 
clothier for the supply of cloths for guards’ and 
porters’ uniforms. Then, he lias closely to 
obsc'rve the daily priet^s of all commodities that 
tluctuatc, so as to place contracts in the 
cheapest market. When he has completed his 
<;ontraets he must sec* (hat the goods are supplitnl 
in the (piantities orden^d, and subject the latter 
(o tests for (piality. After this, he is responsible 
that/ tliey arc distributed tliroughout the systiun 
where they are likely to be wanted, and can Is^ 
got at without delay. But he not only buys 
and distributes, he also sells all old or wwn- 
out mat (‘rials — sleepers, telegraph posts and 
wires, rolling stock, fittings, etc. — again watch - 
ing the mark(*t to judge of the best time for 
disposing. 

The Legal Department. . Every im- 
portant railway company has its own legal 
department. The chief solicitor is the direittois’ 
princij)al legal adviser on matters of policy, 
and lie or his qualified asHistants are at all 
tiine.s aci'cssible to officers of evejy 

department. I’lie legal department is, as a 
general rule, jiretty sharply divided between a 
staff of assistant solicitors for Parliamentary 
w’ork ; another staff of assistants ex|)erienc<*d 
in conveyancing, in resjx^ct of the company’s 
landed interests ; and another staff learned in 
(V)inmon Law , wiio deal with the constant croj> 
of matters in eonn(*ction with claims, outstanding 
accounts, demurrage, and prosecutions for 
broaches of bylaws, and frauds. 

The Traffic Department. The normal 
organisation of a British railway company 
furnishes the general mana^r, as head of the 
traffic department, with two^trusty lieutenants 
in the persons of a chief goods manager, and a 
superinUmdent of the lino. The first-named has 
two assistants, one for outdoor working, and 
another for the indoor, including the making 
of rates, while occasionally a third assistant 
— a mineral traffic manager— is added. -Tlie 
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superintendent of the lino deals with the working 
of the trains, both goods and passenger, and 
controls every factor pertaining to the move- 
ment of the traffic, except the supply of the 
necessary locomotive power. 

It is impossible to consider the working of the 
passenger traffic altogether apart from that of 


traffic, and all traffic carrit^l by passenger trains, 
termecl “ coaching traffic.” 

How vast and far-reaching in its sciope is the 
organisation of the superintendent of the line’s 
department may be judged from the accompany- 
ing diagram [21. For the eornm(*rcial adminis- 
tration of tlie goods and mineral department. 
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2. TYPICAL ARRAN (JEMKNT OF STAFF AND OIJTfKS —OFFICE OF SCl’KRTNTEN DENT OF THE LINK 


the goods, as every kind of train has to Ini 
accommodated to a great ext(Mit upon the same 
lines of rails. 

Superintendent of the Line. Ihercfore, 
the superintendent of the line is the al)sohite 
head of everything eoniieeted with tlie move- 
ment and handling of the trains, both 
passenger and goods, find is in charge of all 
stations, except big goods yards. Ills operative 
duties are as follows : the control of <‘very 
individual in the traffic dej)artment, including 
the shunting staff, responsibility for providing 
a aufficient service of passenger and goo<ls 
trains, and for their economical working, for 
the safety of the working, and for tlu! staffing 
of the trains. ^J’hen, the preparation of the 
time-tables, both public and working, and all 
matters concerned with the a})))ointment, super- 
vision, and promotion of the traffic staff are 
in his hands. Further, he travels with and 
takes charge of Royal and other extra-special 
trains. But his duties are not confined to tlie 
operative side of the traffic w'^orking. He is also 
responsible for the commercial side of the 
passenger traffic — that is, the securing and 
charging for ordinary passenger and excursion 


tlu^ entire rnilwey system is divided into districts, 
under district goods managers, each of whom has 
a station agent (who is of equal rank with the 
stat ion mast (*r) and a town agtuit, together 
with a staff of <*anvasser8, clerks, foremen, 
checkers, loadtus, carmcji, etc. However, in 
less important districts, it may lie possible to 
<li.s})en.se with the services of a. district goods 
manager, in which ease the district superinten- 
dent liee.oimts responsible', for both passenger 
and goods working. Likewise, at small stations, 
the statioiimaster acts as goods ageuit as well. 

At stated intiTvals, “ ortieers’ conferences ” 
are held at tlie company's general offieess. Tlieso 
eonfeTcnces are .ut tended by the chief officers 
at headquartei’s, and by the whole body of 
district traffic superintendents and district goods 
managers. But the confercuices are kept distinct 
— namely, traffic and goods, wdth the general 
manager presiding over (^ich. 

New System of Organisation. As 
already stated, the ftm?going is the normal 
organisation ; but certain companies have 
recently struck out a frt^sh line, which closely 
follow^s the American practice. With the old 
system of organisation, it is alleged that the 

4229 




TRAHMT 

functions of the goods managers and district 
superintendents overlap one another at several 
points, and that the superintendent of the line’s ^ 
department is handicapped in the efficient plan- 
making and discharge of its technical duties for 
the economical handling of traffic by reason of 
its incorporating such essentially commercial 
features as parcels, advertising, canvassing, etc., 
and being burdened throughout with an excess 
of office work. The new idea is to effect a 
complete severance of the commercial and operat- 
ing branches throughout the traffic department. 
Ill the beginning of 1902, the North-Eastern 
Railway reorganised its traffic manag(;mcnt on 
these lines, and the Great Northern Railway 
soon followed suit. The following is a precis of 
the new arrangement, ’^riicre arij three clii(‘f 
officers — viz. : 

1. The general super ini end enty yv\\o is charged 
with the movement and handling of traffi<r 
everywhere, and in every shape ot form ; and 
supervising the use of the company's telegraphs 
and Rdephones. 

’2. The eliief gesuis manager y who is charged 
with the administration of the department (»f 
the company’s business eonneeted with the 
securing and charging for nKTchandise, liw*- 
stoek, and mineral trafiie. 

3. The chiej jmssengcr agenL who is charged 
with the administration of the department of the 
company's business connected with the securing 
and charging for all ordinary passenger and (‘xeur- 
sion traffic, and all traffic carried by passtaigt r 
trains termed ‘‘coaching traffic"; ])re])aTing, 
printing, and issuing tick(‘ts ; advising the general 
superintendent as to the needs t)f the train ' 
service ; collecting and distributing information 
as to trade nioveni(*nts and developments ; 
sii|Jervising and controlling the booking and 
parcels office. ’ 

SuborcSinate Officials. Tiiese three 
officers are responsible to a general traffic ' 
manager, and each has an organisation of 
subordinates, giving a carefully arranged system 
of devolution,^ Thus, with the North-Eastern 
, Railway, the general superintendent has three 
divisional superintendents, below whom come 
nine district sujierintendent s. The chief goods 
manager has six district goods managers, and 
to the chief passenger agent are allotted three 
district passenger agents. 

With the Great Northern Railway, the arrange- 
ment is precisely the same, save that the general 
superintendent is assisted by a high official, 
known as the superintendent of tlie running 
department. 
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Superintanaeni or M.unning uejMirt* 

meoit. The duties m coimeetion with the 
section under the immediate control of ttu 
superintendent of the tunning department an 
as follow : 

1. Selects and controls yard and platform 
inspectors, foremen, guards, brakesmen, signal 
men, and shunters, employed exclusively in tli<' 
running or working of trains. 

2. Arranges and controls tlio working of all 

passenger, goods, and mineral trains, and of all 
shunting in yards. ^ 

3. Arranges with rolliilg stock controller as to 
I^ro vision of carriages, waggons, and sheets 
required for working the traffic. 

4. Arranges working of. all dining cars. 

5. Arranges with locomotive department re 
garding engines required for traffic purposes. 

(5. Arrangi^s with signal inspector reganliiig 
ordinary matters of traffic working ; proposals 
for alterations of, and additions to, lines, stations, 
.sidings, etc., and other special matters to be 
submitted through general superintendent. 

7. (V)ntrols fog-.sigiialling arrangements. 

S. Reports upon all accidents, including cases 
of injury to fKissengers, employees, horses, cattle, 
and liv'estork. 

9. I)t‘als with teases of damage to rolling 
stock. 

19. SiqHuvises the eleaning of all rolling 
stock, also of eattle-peiis. 

11. Prepar(5H and issues working and public 
time-tables and all notices with regard to th(‘ 
propel* and safe working of the line. 

12. Di'als with correspondence from the' 
public relating to the working of trains. 

Clerical Staff. As a principle, the sujx*! - 
vision and control of the clerical staff, together 
with thecartagi^ arrangements in the provinces, 
fall to the eommereial soction, and that of the 
outdoor stalf, including the staff employed in 
thc‘ gooiis sheds mid warehouses, to the operating 
section. Exception is made, however, in tlie 
easi^i of clerks whose duties are confined entirely 
to matter connected with the opc?raiing section 
and any memlxirs of the uniform staff specially 
employed in the commercial section. 

Engineering Department. The chief 
(civil) engineer is at the head of two important 
brainJies — namely, one for maintenance of 
existing lines and ivorks, and one for construction 
of new works. His assistant engineer, for main- 
tenance of permanent way and existing works, 
has under him a quota of divisional engineers, 
and, if necessary, a canal engineer as well, while 
the sulwrdinates of the former are the district 
engineers, draughtsmen, chief inspectors, sub- 
inspectors, foremen gangers, and platelayers, and 
relaycrs, artificers, carpenters, masons, etc., with 
tiieir respective foremen. It may be a(^ed that 
when platelayers are engaged in fog-signalling, 
they pass under the jurisdiotion of the traffic 
department, as represented by the sui)eriu- 
tendent of the lino. His second assistant, the 
engineer for new lines and works, takes charge 
of operations once the plans have been prepared 
by the chief engineer, or, if the services of a con- 
sulting engineer should have been ^quisitioned, 
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have been approved of by the latter.' uiolivu works are at Crewe. l’h(; carriage and 

has under him resident <mgineers, who, as waggon eonstrucjtor lias his own works man- 

tho name implies, supervise operations on the ager, assistant superintendents, and draught s- 

spot, and are provided with a.ssistanta and men, and his responsibility extends outside tlu^ 

draughtsmen. As a rule, the construction of a works to the men who (vKamine, re])air and 

heavy length of line, harbour, or lai’ge station dean the vehicles all over the line, 
works, etc., is entrusted to a contractor, who Electrical Engineer. Modern conditions 
carries out his t^isk under the 8uperintend<‘nce have iwldcd yet another highly-placed otlicial to 

of the company’s engineer for new w^orks. t he engim^ering side of a railway in In^ j)erson 

" LrOComotive Superintendents. VVo of .i chief electrical engineer, wdio undertakes 

now pass on to the locomotive superintendent, the maintenance of the power-houses and i)lant 

whose duties embrace the designing and huilding employed for traction on eleetrieally operated 

of suitable locomotives for the various dasst‘s of sections of the lino, and generating the* current 

traffic — for instance, expn'ss passenger, goods, for lighting stations, goocls yards, and offices, 

suburban, “ mixed,'’ ct/C. - the maintenance and In atidition, he advises or is intimately connected 

repair of engines, and the administration of th4^ with th<i manag(uii(‘nt of the signalling and 

l imning de})artment. In designing his engines, t<‘legraph dcjiartment , as regards the role played 

the locomotive siipcu’int/tmdtmt, of course, takes by eh‘ctrieily in various kinds of signalling 

his cue from the traflie d(*partment, wln( h kec‘f>s apparatus, and again, has charges of the arrang**- 

him informed as to any projected incrcasiis of ments for th‘‘ lighting of passc'iigjT trains by 

load and speed. His right-hand men are, first. (‘leifirieity. 

an assistant locomotive superintendent, who is Signal and Telegraph Departments, 
virtually in charg*; of the running depai tm<‘nt ; The signalling and t(‘h‘graph d(*partnumt projier 

secondly, a works manager, since most railway is usually i(‘ckum^d to fall within the scope of 

companies have their own engineering shops, the chief (‘ivil cngiiUMU’. Nevertheless, it j)os- 

where the locomotivc^s ai-e built. If a com]>any scsses an organi.sation of its own, bcgimiing 

go to private firms of locomotive VujiUh*rs for with ;i signalling Kup4‘rinl«mdent. and exti^nding 

4^ngines, the latter are still built strictly ae<‘ord- through a long cliain of subordinates — namely', 

ing to the speoilicalions jirejiareil by fhe loco- assistants, draughtsmen, signal inspcjetors, U‘l«*- 

motive superintendent Below th(‘ assisfant graph inspectors, titter'), signal lin(*men, and 

locomotive superintendent come tJie district telegraph Jinemen. 

locomotive superinbmdent.s, one or more loco- Other Departments. The n\nnber of 
motive accountants, and a staff of draughtsmen. horst^s cunploycd by the princijial raihv.ay eom- 

This, ill turn, brings ns to the men who keep panics in “coll(*cf ion and dt^li very,” and alH(» 

engines in repair at the running or steam sheds - (though in a steadily diminishing quantity) for 

foremen fitters, together w'ith smiths of various .shunting piir])oses, runs into many thousands, 

doscriptioms ; and the men and youths w'ho For exarnph*, the studs of the Lomion and 

])repare them for the road-* coalmen, lighbus- North-Westcun and Midland companies ea(^h 

up, sand-driers, cleantTs, wa-slun's-out, and iiK'lude over r),(M)0 animals. This departmcnit- is 

bar-boys. pre.sidcd over by fi horse snperinti^ndeiit, aided 

Chief Mechanical Engineer. As a i>y an assistant su}Krrintendent, a horse buyer, 

general rule, the locomotive sup<‘rintendent and a staff of veterinary surgeons, together with 

is no longer known by name as sneh, for inspectors of hors(‘s, provender, and stores, 

he has blo.ssomed forth into a far more The companies that own Heels of sti*am 

important pcTStmage, with tlu^ tith' of <*hi<*f ships and docks rc([iiire the services of a marine 

mechanical engiru'cr. In old days, tlie eliief superintendent, wlu> exercise's b'ontrol over dock 

(civil) t'nginf'er was n^sponsiblc for everything .su|K‘rmU‘nd(‘nts, shi]) ca})tains, and officers, se>a- 

of a nieeluinical nature, and tin refore^ had mc'ii, whartingta-s, and dock labouriTS. 

chargt^ of the e'ompany’s ste'amships, .stationary Now' that so many companies j)ossess hotels 

engines, turntables, hydraulie! installations, and also owai the station refrc'ish me nt- rooms, ye-st 

wator-columns, et(\ ; wherc*as now^ it is tlie another (hqiartmi'nt has been added to the* 

fashion to divide the department into two, headepiarlers aelministration—nameHy, that of 

re?spe(!tively under a (diief mechanical or elynaiiio- the? liote^ls and re die *.sh ments manager, with a 

mical engineer, who de*als with all moving staff of re.*.sidcnt miuiagers and cashiers, 

machinery wdiatsocver, anel a chief civil e*ngintw. Railway ce>m panics anr eunpow creel to let 

who may bo .said te> be< re.spon.sible‘ for all hoiise.s and lands of which the*y are; fhe owners, 

machinery that does not move. and eif wliich they may not require; the; use at 

The smaller companies entrust the' de^signiiig tlie time, 'rhtise (‘ircumstances call fe>r the 

and building of carriages and waggons to their servicevs of an estate and land agemt, wheise; 

locomotive superintendent. Mem; im])e>rtant subendinates comprise surve;yor8, rating agents, 

companies have a eiistinct d<*partme;nt for the assistant agents, and district agc;nts. Lastly, for 

jMirpose, under a carriage and w'aggon con- the better protection eif their customers’ inteu’ests 

struetor ; and the London and North AVesiern and to eemduce to thi; maintenance of good onler 

Railway finds it necessary to have; both a within the preennets of stations, the companic«j 

carriage and waggon dejiartment, the works of have their own staif of police in8}X*(;tor.s, deteo- 

the former being situated at VVolvorton, and tive.s, and constables, commanded f>y a police 

those of the latter at Earlestown, while the loco- superint(;ndent or chief detective' eifficer. 

Continued 
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Treatment of News. Headings. An Examination and Some Examples 

By ARTHUR MEE 


A GOOD sub-editor is worth his Aveight in 
gold, and he is as rare as he is precious. 
His position is setiond in importance only to that 
of his editor-in-chief. Upon him falls the respon- 
sibility of the final shax>ing of the paper as it 
goes to press. He is the window -dresser of 
journalism. 

The Two Kinds of Papers. Mo.st 
j)eople, however little they know of journalism, 
know the difference l)etwcon a bright i)aper aiwl 
a dull pajicr. The dull i)ax)cr is a sheet of solid 
type, in which one column looks as attractive, 
or as unattractive, as another ; in which no 
effort is made to attract the eye at once to 
the most interesting news ; in which most things 
are recorded faithfully and tediously as tlio 
“Annual RegisUu*” recorded them a hundred 
years ago. In the dull paper there is no cliangt\ 
It rt^mains to-chiy as it was yesterday ; it w ill be 
to-moiTow as it is to-day. Next Saturday's co])y 
will look to the eye very much like last Saturday's, 
and the date at the top is the only way we can 
tell at a glance whether the paper is new or <)kl. 
It is the soUdest and most reliahle thing in the 
world. It never di8ai)points us because it gives 
us no expectations, ft never .surprises us 1 .m 5- 
cause we knoAV exactly what it will tell us. 'riiat 
is the dull paper of the old days. 

The bright jjaper Looks ar though it were alive. 
We feel as we open it that the world is a live 
place and not a museum. We feel, if we read it 
in the quiet countryside, that we are in a dream, 
Avith all the world outside us alive with energies, 
and wars, and crises, and that this busy Avorld 
Avas never so busy as this morning. VVe ojx'ii 
it and know at a gkince what most peox)le are 
talking about. We turn to a xmrticular jdaoe, 
and if our eyes meet no sensation there we knoAv 
that there is no sensation for them to meet. Wc 
feel that notliing in the world i.s Aininiportaiit. 
The headings are finger-x>osts pointing to a 
hundred avenues of human interest, whereon the 
busy man reads all ho wants to know, from 
which the man of leisure discovers whether the 
matter Avill interest him or not. Wo know at 
once whether we must settle down quietly to read 
the pax)er or whether a glance as we Avait for the 
train will do. It is the genius of the modem 
paper that it tells us as from the housetops 
the things that it contains. That is the bright 
paper of our ow'n times. 

The Sources of •• Copy.” The differ- 
ence between the two is the sub-editor. It is 
fitting here, perhaps, to consider for a moment 
the economy of the newspaper office. At the 
head, of course, is the effitor, whose word . is 
Jaw. BeloAV him is his assistant. It is the 
editor's duty to direct the general policy of the 
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paper, but the actual machinery by which ncAv.>, 
s collected from the ends of the town and tin 
ends of the earth is under the immediate control 
of the news editor, who has authority over tin* 
sub-editors. Separate from these are the reporters, 
responsible in I^ondon to the news editor, and 
in the provinces to a chief rej)orter. In addition 
to these are special members of the staff whos«- 
functions are well defined on all leading papers, 
but whose duties are largely covered on small 
X^apers by the general staff. Among these an* 
the leader writers, whose duty it is to Aviitc the 
editorial articles Avhich set forth the views of 
the x>apcr ; the musical and dramatic critics, the 
sporting editor, the literary editor, the financial 
editor, the foreign editor, the magazine editor, 
the political editor —all these, individually or eol- 
lectiA-ely accoixling to the position of the paper. 

From all these various departments comes th(‘ 
supply of copy, and not from these only, but from 
an innumerable host of coiTesx^ondents in every 
town in the kingdom and in every country in 
the Avorld. I’hrough the Press Association and 
the Central News, or, in the case of the leading 
XAax>e.rs, tlirough local coiTesx>ondents of theii' 
own, the daily x)aixu s in ovciy town have channels 
of eommunication Avith eveiy other town. From 
early morning till after midnight, from early 
morning, indeed, till early morning comes again ; 
to-day, to-morrow, and the diiy after ; on, and ou, 
and on Avithout ceasing, the stream of copy 
comes. It comes in scattered fragments from 
the ends of the earth ; it meets for the first time 
at the sub-editor’s elbow — a battle story from 
HaA^ana, a Parliamcntaiy debate at the Caxx, 
an excavator's discovery in Babylon, a wonderful 
Avheat crop in California, a little child's death 
in London — all this panorama of the doings of a 
world comes together on the sub-editor’s table. 

The Sub-editor’s Qualities. It is 
the business of the sub-editor to prepare copy 
for the printer, and, simple as it sounds, the 
Avork demands the exercise of many qualities 
Avhich are all too rai*e. His post is more difficult 
to fill than any other post in journalism ; it may 
1x$ said that a good x^ax>er is always wanting a 
good sub-editor. 

He Avill have x^repared himself for the sub- 
ciditor’s room, i)erhaps, along the linos we have con- 
sidei-ed. He should possess the general knowledge 
essential to every journalist in any capacity, and 
a year or two of reporting will do him a great 
deal of good. The qualities that will Iwlp him 
most, which his work will develop in him 
and he should never cease to cultivate, are a 
capacity for discovering the most ' ihtei^ting 
aspect of events ; an ingenuity of expression ; a 
real sense of the true proportion of things ; the 
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ability to condense a long report into' a short 
one without sacrificing vital points ; a genius 
for putting things in the most striking way; 
an excellent memory ; a great contempt for 
verbosity or “wordiness ; ’* and a hundretl other 
tilings which only experience can reveal to him. 

It is not easy to make up one’s mind which of 
these qualities, if any, is the chief. Tlie ideal sub- 
^itor has all of them, and he could hardly point 
to any one of them and say, “ I owe my siHrcess 
to this,” “ I owe my success to that." The man 
who will succeed as a sub-editor will do his u1 most 
to train himself in all thestJ vari(‘d ways. It can 
hatdly bo doubted, however, that journalism is 
developing along linos which make it more and 
more essential for sub-editors to alert and 
keen not only for new facts about things, but for 
new aspects and now theories. Tt is interesting to 
know that a prisoner has escaped from prison, 
but it is much more interesting to know how he 
escaped. It is interesting to know tluil a great 
business has been ruined ; it is miK*h more 
interesting to know why. 

How to Deal with News. If there has 


lieeii a railway accident, it is moix' than likely 
that the most interesting thing in connection 
with it will be by no means the most ol)vious. 
The numlxn’ of victims, though it adds to tlu' 
sensation of the news, is not of any essential 
interest. It is tervihlo to know that fifty peoplt* 
lose their lives in a moment ; it is a much moie 
intense and dramatic thing if the accident wa:> 
caused by an overworked signalman falling asl<M‘|> 
after sitting up for a week at his little girl's 
deathbed. A tciTib!(‘ railway a(!C’ident has just 
happened as this is being written, and one of tlie 
imcounts brings out a striking x^icture of tlu^ train 
waking up the whole town as it dashed throtigh 
the station and fell down an embankment. Ko- 
thing in this appalling stoiy is more imxu'cssivt* 
to a journalist than the thought of this train 
waking the skxping countiy town at mid- 
night. 

The sense of proportion is a vital ])ossession. 
It is one of the faculties that no sub-editoV cnii 
do without. He must, of course, leai n to adjust 
it to his paper ; he must, that is, realivse that a 
proper projmrtion of news in one paper may Ik^ 
an absurd disproportion in another. Obviously, 
if he is on the Daily News th<i meetings of 
the Free Church Congress will bo of much more 
importance to the mrders of his jiaper than the 
n^tmgs of the Primrose licaguc, hut tli«5 pro- 
portions would quite reversed if lie were on the 
Morxinq Post. But he must learn a niiieh 
more important thing than this. H(^ must have 
the gift for discovering what is interesting to the 
public, and of putting these things, as a shop- 
keeper would say, in the front. 

The Paper must Look Interesting. 
We come into touch here with the real genius 
of sub-editing. There are two supreme tests of 
a newspaper ; Is it interesting ? Does it Ufok 
interesting t The first is the business of the 
editor ; ultimately the responsibility for the 
interestingness of a paper lies with the mart at 
the head. It is the editor-in-chief, with the 
news editor, who (firocts the supply of news 


which the sub-editor must deal witli. Whether 
the malU‘r is interesting or not is not a 
question for him. His concern is entii*ely with 
the treatment of it. He must, of coui’so, decide 
upon the comparative interest of various items, 
and apportion them space accordingly, but his 
work lies with the matter supplii*d to him and 
not iK'yond it, so that in reality the question 
wind her the paper is interesting or not depends 
upon the edilor ; ho may have ideal sub-editors 
and his matter may still be dull. 

But it is the sub-editor’s own fault if his 
paper look^i dull. How often are we attracted to a 
shop window by a bright display, only to find on 
a closer view that its contents do not interest us 
at all ! The window -dresstT has done his work 
well ; he has been better than his master. The 
simile is so expressive that it set‘ms hardly 
m‘c(‘s.sary to say any more. The sub-editor who 
remembers all the time that he is dressing a 
window' will not go far astray. He must, of 
course*, rmni'inber that even a window -dressiT 
has responsibilii.y. He must never tleceivo his 
readers by a li(‘a(ling which is misleading, any 
inoix* than a dra])er must put superior articles in 
his window to advertise inferior articles inside. 
He must remember that in these days the busy 
man casts bis eye rapidly ov(‘r the paper, and 
often obtains his impression of the news of the 
day from the headings only. 

News Without Views. More and more 
are heailings b<‘eorning little* summaries of wliat 
follow.s, arul the stili-editor should Ih) careful 
th.it his lu‘adings do not convey a false im- 
pression. A very striking case in point comes 
to mind. Tin* jiroprictors of PuNC?H appealeri 
against a dei'ision in a libel suit in which 
Prxen was involvKl, and the appeal failed. 
Thi^ sub-editor was right in realising the interest 
of the case, but his strf*ngth was not in his 
discretion, and lie headerl the case Punck 
Fails. It would not have lsH*n surprising to 
havt? heard a reader of that fiaper say to a fricml 
at lunch that day, I see that PuNrii is bank- 
rupt," and one is glad, for the sake of the sub- 
editor and his paper, that Mr. Punch is such a 
merry man. Idie e.vperienced sub-editor is 
keenly awan* of the subtlety of temi>tatlon, and 
it is not the easiest thing in the world t« write 
headings which shall go as far lus they legiti- 
mately may go, and not a hair's breadth fartlu‘r. 
It is not merely the risk of libel that must be 
guarded against, but tlie risk of conveying 
iniKstatemenls ami false impressions. 

Most of all the suh-i‘ditor, in writing headlines, 
should giiaixl against tlu? pernicious habit of 
importing opinions into h(;adings of merely 
news events. It is quite legitimate for him, and 
may be his <iuty, to remember that his pajw^r has 
certain views, but his first concern is not wit4 
these. In dealing with news the sub-editor 
should have no views ; he should know* no 
politics. He may believe that a certain iuan is a 
scoundrel, but if the man dies ho must not head 
the news of his death Death of a Scoundkbl. 
Yet things are done by 8ub-(*ditors quite as 
careless and quite as bad as that would be. 
Such things are not only bad journalism, but 
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bad policy. A newapapor is first of all a conveyer 
of news. It should bo possible for a man of any 
views to buy it, to f)e interested in it, and to 
obtain from it a fair impression of what is 
liapponing in the world. The sub-editor who 
forgets his duty by introducing bias into news 
is an enemy to his paper and his profession. He 
alienates th(^ very impoi’tant sin tion of the 
readers of his paper wlio do not believe in the 
paper’s polities but who buy the paper for its 
news, and he encourages a practice which would 
make journalism the. tool of ])roj)agandists and 
parties instuid of a living history of our times. 

The Wrong Sort of Headings. The 
Hub-cditov will find it all too easy to blunder 
in headlines. He will find himself late at night 
with a heap of telegrams through which he 
must run quickly lest they ho too late for 
press, and he will c'ateli sight of some word or 
phrase which, in his haste, he will seize upon 
for a heading. Th(^ result will he wliat often 
happens, that we find ourselves Heading a para- 
graph which has no real relation to ihe; headline 
which aUvaot(‘,d us. An actual example may be 
more helpful than any advice. 

In a London j)apei‘ the otli(^‘ day uas a r(‘pt>rt 
from which it appeared that a pauper in lAHulon, 
who was ehai’ged with assault, liad betm in tin* 
workhouse since he was two ytiars old, and tliat 
in 1883 he was sentenced to penal servitude for 
trying to set the workhouse on fire. 'Fliis pjua- 
gi’aph was coupled with another, not to be 
compared with it in interi.'st and ini})ortanee, 
from which it seemed that a violent pe-uper had 
spoken of a workhouse* as “ a British Bastilh*.'' 
A good journalist will find it difiicult to belii‘ve 
that an important Lond<^n daily paja'i’ headed 
these two paragraph.s Ai.lt^cjki) British B.astjllk. 

A Sub-editor*s Sin of Omission. 
Let us examine the heading. It was, in tlu^ 
first place, bad sub-editing to couple tlie para- 
graphs. The second pai agraph was unimportant, 
and should not have been allowed to detract 
from the remarkable interest of tlu*. first. But, 
this mistake having been made, nothing could 
be more ridiculous than to select the heading 
from the second paragraph. Tin? i’<*.sult of tliis 
was that (1) the first and most interesting para- 
gra}>h was overlooki^d, and (2) the crazy nonsensi-i 
of a crazy pauper was treated with all the rt^spcct 
and dignity due to an (Expression of opinion by, 
say, Lord Kelvin. It is ridiculous to sugge.st 
that there is anything like a British Bastille 
beeause a paup<ir says so. 

But it is doubtful if the sub-editor’s .sin of 
commission, serious as it was, was half so grea , 
as his sin of omission. The fir.st iiaragraph was 
intensely interc^sting, and the sub- editor faikxl 
entirely to see the pioint in it. It is true that Hke 
jeport w^as faulty, in that it did not give the age 
of tlic pauper, which w^as an important fact ; 
and the sub-editor, if there had been time, should 
have di.scover(3d his age. That, howeviEr, may 
I.e left out of account, for the paragraph bore 
inherent evidence that the man had been in the 
workhouse since ho was two, a total of at least 
fort^ears. He was, surely, the most interesting 
in that day’s pa73ors — a man who had 
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lived forty years without a penny of his own. 
who had never done a stroke of work in his life 
(Except when he tried to set on fire the hoim* 
w'ith which a philanthropic nation provided him. 
That is the fundamental idea of the paragraj)!!, 
a human docEument of the greatest interest, lost 
to the paper through bad sub-editing. 

The Inaccurate Heading. It is not 
j) 0 .ssibkE to discuss at equal length all the other 
points that come up in considering headings, buf 
w’o may glanci> briefly at a number of headings 
tr..k(‘n at random from various papers. Hctce 
is OIK*. 

Life on Fourfenck a Day. 

Paupers Whose Keep Co.sts hut Jd. More. 
Xothing could Ixe nuu’o absurd than this. Tlio 
paragraph explained how certain jx'ople lived 
on -ijd. a day, and the sub-editor, straining 
for a luxiding, framed one containing a mis- 
statement and demanding an explanation. It 
was as if, for tin* sake of round figures, he had 
hea(l(‘(l a war tel(‘gram 

A TjiorsvM) Killed in Battli^. 

An Fnoaoement Co.stino only 43 Live.s Less. 
Ib'adings should never lUEcd to be (explained. 
If they arc not (‘lear at a glance Hkev should not 
b(* used. It is easy for a sub-editor to become 
so (‘iigiosscd in an article that one idea stands 
out prominently in his mind, and to “head’’ 
lh(E article as though it consisted only of this idea ; 
and the r(?s\ilt in that case might be that the 
luxuling, though fit ting a special interpretation of 
the article, was obscure to nine readers out of ton, 
and possibly to the author of the article hims(*lf. 

The Dangerous Heading. H(*ro is an- 
other (‘xarnplo of a heading which no editor 
slioiild allow. 

( J ER.M N N Y’ S 1 .S( )LATlON. 

“ Inpa itable ’* War with England 

“ \ Piec e of Stupidity.” 

It cannot be doubt ixl that the effect of this 
heading is to ere;ile an imfiression that war 
betw(E('ii England and Germany is inevitabkE. 
But WTE know’ that tluE sub-(Editor nuEant nothing 
of the kind ; ho meant that it is a pie(;e of 
stui>idity to say that w^ar with England is 
iiK.'vitable. And yet tluE vast difference between 
these two meanings is allowed to rest on the mere 
u.bsenc(E of a full sto]) at the end of the second 
heading. This is unpardonable. There was, 
in th(E first place, a rule between the lines, 
and a rub in the middle of a sentence is 
absurd ; and, in tlie second place, the mere 
abscnccE of a full stop is a slight method which 
might be dim to an accident, and in any case is 
quite common in headlines, and should never 
be relied upon in circumstances such as these. 
This heading conveyed to thousands of readers 
an impression exactly opposite to that which 
the paper desired to convey. 

The danger of conveying wrong impressions 
by carelessly written headings was illustrated 
in another paptir reporting the death of a Belfast 
gentleman while exploring some famous cliffs. 
Sizing on the word “ exploring,” the sub-editor 
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headM ,the xepoit in type Explohsr Killeh^ 
leiM&g one to es^ot that^some other Stanley 
or Livii^tone had come to an untimely end. 
As a matter of fact, however, the gentleman was 
not an explorer at all, but a manufacturer, 
and all the exploring he had done was the sort 
of exploring we all do when wo go to Hastings, 
or Brighton, or the Lakes, or anywhere else, 
for a holiday. 

*The Misleading Heading. An even- 
ing paper which does not often sin in this 
respect led its readers astray not long ago 
wi& a heading Fkes Postacje fok Members 
in its Parliamentary report. 'Uhe ini])ressioii 
conveyed — that members of Parliament were to 
have the privilege of free postage — was not eon- 
hrmed by the subject matter ; a question had 
merely been asked in the House. It is easier 
to defend this heading than some of tlie others 
\vc have considered, but there is a subtle error 
in it which sub-editors should always avoid — 
the error of loading people to imagine that a 
thing is a fact wdien it ivS merely a subject of 
discussion. 

Another kind of heading to be w'atclied is tiu* 
joint heading wliicb covers two tilings. One of 
the wittiest headings that has ever been written 
appeared in a London evening paper onee 
when the House of Commons had an all-night 
sitting. It happeiKid that at the same time 
the Great Wheel at Earl’s Court stuck fast, its 
passongei*B being “ held up " all night, and the 
Stab posted London that day with the w ords : 
The House Stij.e Sittino ; The Wheel Still 
Sticking. There was an idea linking the two 
events which made excellent “copy.” But the 
double heading is not always so happy ; it was 
distinctly, bad, for example, in a Pai liamentary 
report concerning two separate subjes'ts-- 
cheajjer postiige for parcels and grants for 
necessitous schools. One question happened to 
follow the other in the House of Commons, and 
the sub-editor, coupling them, headed the report 
Cheavek Parcels and Necessitous Schools, 
leading the reader to wonder what subtle 
necessity could arise in poor schools for a. 
specially cheap parcels post. 

The Feeble Heading. The sul)-edit<a- 
must beware of giving undue importance; to a 
trifling incident. The magnifying of trivial 
tilings, or the drawing of largo deductions 
from slight incidents, is perilously near what 
is known in the newspaper office as “ faking,” 
an offence which puts the offiaider outside (he 
|>ale of honourable journalism as a lie puts a 
man outside the pale of honourable so<;iety, 
“ Vaking ” is the invention of news ; a “ fake ” 

a newspaper lie. 

The sub-editor should beware, too, of such 
feebleness as that displayed in a paragraph quilt; 
vj:iworthy of the paper in w hich it appeared not 
long ago. A lire, in which three persons lost 
their lives, occurred in I..ondon at Easter, and the 
inquest took place on Wednesday of East-e.r w eek. 
Following the report in a morning paper was a 
paragraph with a heading Kemabkable Cofn- 
I'lOENCfB ; a paragraph with no other substance 
than the fact that on Wednesday of Easter week 


in the pi*evk>us year also an inquiiy was held in 
Aondon into the deaths of three persons as the 
result of a lire. Nothing could well be feebler 
when we remember that lives are lost by fires in 
London almost every w^eek; that Easter week 
could hardly ever pass without such an event; 
and to speak of such a commonplace as a re- 
markable coincidence is only to deprive oneself of 
the power of description when something really 
r€‘markable d(x*8 happen. 

The Legitimate Heading, But the 
candidate for sub-editing will study the papers 
for himself, will re-write headings as often 
as he can, and will learn the art of mak- 
ing them short, direct, and comprehensive. 
There is, of course, a display of headings that is 
perfectly legitimate, find, indeed, desirable. The 
days of the old journalism are dead, and the 
pajiers which cling to its traditions fire dymg. 
They are not, at any rate, the papers of the 
future. The interesting and enterprising (>apers 
of to-day are so familiar to us all that there is 
no need to single them out, and the journalist 
can study tlumi as often and as much as he likes. 
He can compare the papers with old-fashionoil 
headings, which still give a column of interest- 
ing matter under one uninteresting headline, 
witli the jiapers whieJi make their articles at- 
tractive ; and lie can elioose which lie likes lx‘St. 

He has only one choice, however, if he is to 
make his way as a sub-editor. Tliere w'as 
admirable wit and meaning in a conversation 
tlH‘ wTiter overJieard in a restaurant in London. 
Tw'o men were discussing iu‘wspapers. One 
tliouglit the Times unintiTcsting. There were 
no headings to guide* him, and so on. “ The end 
of the world might eoriu'.” hi; said, and if you 
took in only tlu* Tlmus you would never know 
it.” It is the busiiH'ss of the new.'spapcr to tell 
its reader what has happened, not to compel 
him to search fer the news with a mici*o.seope, 
and the newspapei- which puts away the an- 
nouncement of the end of tlie world in a corner 
will abundantly deserve its doom ! 

The American Heading, ft is not, of 
course, desirable* to follow the examjile of the 
American suh-editoi^, wliose papers are made 
intoli'rable to English journalists by cf»himn.s 
of headings whidi an* a disgrace to the 
King's English. Bridoe Jaivi Worst Ever was 
one of these; it was the subeditor’s w'ay of 
saying “The Worst Bridge Accident on Becord.” 
But the line belwc(*n the extremes is not difficult 
to draw% and the instinct of the true journalist 
will lead liiin aright. 

We may sum up all that is to be said about 
headings, p<‘rhaps, in one or two wortls. If we 
have to choose as sub-<;ditors l)etwt*en making a 
dull article look interesting, or making an inter- 
1 ‘sting article look dull, we must make the dull 
article look interesting. The days when people 
read everything Jiave gone, and every reader 
has become an editor. Every person who leads 
a paper edits it for himself. He will read only 
what appeals to him, and orUy ivhnt appeah to 
him at once. He will not sit down to make up 
his mind whether to read an article or not. He 
^akes up his mind at once when he sees the 
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heading, and llie which is full of good 

mattor with bad heu^iings will not he read. 

The Ideal Heading, The ideal heading 
is interpretative as well as descjriptive. It is 
an idea rather than a phrase, or, better still, 
it is both. It strikes the mind at once. It 
does not call for any mental si^arching, or for 
dictionaries. It is plain to the man who runs. 
It is never misleading, but it need not lx? 
severely narrow. It need not be without imagi- 
nation. It is suggestive, and may express with 
freedom not only the facts in tlie article but the 
thought behind it. It is wi’itten in the language 
of the people, and not in narrow terms of science, 
or t heology, or great learning. 1 1 is wide, and fre(‘, 
and clear, yet definite and not vague, accurat<‘ 
and not ambiguous. It puts a thing in the 
way in which it will appi^al to the largest number 
of people among tliose for whom it is written. 
The hope in the journalist’s mind when ho writes 
it is that it may impress itself so vividly upon 
the minds of ihos<' who read it, that they will 
not casually pass it hy. It takes the line, not 
of least resistance, but of widest acceptance. 

The heading of arti<!les does not, of (soiirse, 
by any means comprise the whole of tlie sub- 
editor’s work, imt it is probably th<' most im- 
portant side of it. We have, moreover, devoted 
special consideration to the suhj<*<!t because a 
full understanding of it implies a gcmeral capacity 
for sub-editorial work, and in treating of head- 
ings we have been able to consider incid<*ntally 
many aspects of suh-cilitiug. 

Kinds of Headings 

'Die siib-(Mlitor should uiake liintself familiar 
with all kinds and sizes of types, and with all 
forms of headings. There are many kinds of 
headings. The main titU^ of an article is called 
the heading; the, remaining titles are s»b- 
hetidings. The heading of this paragraph is 
a wiVfc-hcad, standing alrove the matter either 
to the left or right of the coluinn. The ordinary 
paragraph headings in the Sklf-Edu(\\tor are 
run-on /nWc-hoads, forming part of the iirst line 
of the paragraph. Tlu^ lieading of the next 
paragraph is a c.ro.fx-head, standing above the 
matter in the centre. The other s|>eeimen 
shown is a rnl-in w/c-head, let into the para- 
graph in a S(juare space two or three lines deep. 
The general })age headings to articles in the 
Educator are known as 6o.r-headings, a border 
iHu'ng placed round the iyyro. 

This is a Cross-Head 

Such headings have two objects ; they may 
be either finger-posts to the article or simply 
means of display intended to relieve the solid 
appearance of the article. A simple way of 
relieving the heavy appearance of solid typi*, 
often adopted in speeches, or stories, or descrip- 
tive sketches, is to mark a numljer of poinUxl 
phrases at convenient distances for the printer 
to set as small cross-heads. This may be done 


quite easily in the manner indicated at the 
end of this paragraph, and if the last words 
of a paragraph are suitable for a heading it 
is much more convenient for tho printers if 
these are selected. A smart sub-editor can 
very quickly give a solid column of matter an 
interesting appearance by making half a dozen 
^marks of this kind.] 

This la Treaded typo is typo with blank 
® Cut-In spaces of varying thickness between 
Side-head jinos, thus making it more easy 
to read, and it is usual to “ lead *’ articles 
of special importance in order to call atten- 
tion to them. Th(j leading articles in most 
newspapers arc leaded. The size of type is 
governed by the relative importance of 
matter, and stock features occupying con- 
siderable spatu*. such as commercial and sporting 
news, are iisiudly sot in smaller typo than the 
rest of tho paper*. Small type is, as a nde, to be 
deprecnt(‘d, and tin* typo in Avhich the Editcator 
is set, known as hourgeois, is the usual size for 
magazine reading. 

Office Books. In dealing with the copy 
that comes before liim the sub-editor should 
l)ear in mind all that has boon said in 
this course and all tliat is to be said. Only 
oxfXTience can teach him tho various ways 
of dealing witli copy; tho cutting* down of 
an article live times as Icmg as it should be ; the 
elaborating of an oxjxmsive cable which has more 
points than words, or tho dealing with a tele- 
gram whicli lias, unfortunately, more words than 
points; tlu‘ ro-\v.riting of an important piece 
of copy wTitt(‘u w’itlunit regard to t)rder or gram- 
mar or pvo))ortion ; the elucidating of ohseun* 
points ; tin* intn>duetion of explanatory notes 
and <x)mments. He will know all the reference 
hooks which the journalist must liave *at his 
elbow ; will know every puge of Whit.^ker and 
Hazel : will he familiar wutji Hayj)n’s Die 
TioNXRY OF Dates, witli tho most up-to-djit(‘ 
<ncyclop;edia — at present the Harmswortii 
KNOYOLtjF.EDiA ; thc index to the Times, and, 
of (!ourse, the inevitable and indispensable 
Who’s Who. Most of thcsii and a score of 
otluT refereinn* hooks are on the shelves of every 
A^ell-equi})ped newspaper office. The sub-editor 
will have available, besides, the cabinet of infor- 
mation which every efficient newspaper main- 
tains on lines we sliall consider later. 

He will find his work trying, involving an 
early beginning if on an evening paper, or 
working until tlu^ early hours of the morning 
for a daily £)aper ; and unless be is strong anfi 
able to concentrate inimsely for a long piTiod 
lie should not become a sub-editor. If all ihc^ 
conditions are favourable, however, he will find 
his work interesting, and if ho does it well ho may 
l)c certain of appreciation and advanccmeni. 
A good sub-editor is assured of a comfortable 
living as long as papers last. 


Continued 
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WORK IN THE BOOT FACTORY 

LEATHER 

Bootmaking Machinery and its Operation. Sewing, Eye- 

11 

leting, Skiving, and Sole-cutting and Pressing Machines 

minrt AVii SHOifs 

from 

JMji** lUO 


By W. S. MURPHY 


P*OR fifty years after machinery had been used 
* for making boots the man who cnUu'od the 
trade had to count on meeting a hostile public 
opinion, in Great Britain especially. During that 
period it would have been as dangerous to offer 
an English gentleman a pair of macliine-mado 
boots as to suggest that he ought to wear a 
nose-ring. Wo say that the hostility avjis one of 
opinion, not prejudice, for it was founded on 
experience and fact. Machine-made hoots Avero 
either very uglj^ or very unreliable, and some- 
times they were both. 


The First Machine-made Boots. The 

roafjons or excuses for this stak^ of matters may 
be put under tAvo heads — namely, the loAv-class 
market catered for, and the crudities of the 
machinery. The factory trade Avas ahvays a 
shop trade, and Avell-to-do customers seldom 
patronised the sjiops, or, if tliey did, it Avas tlu5 
bespoke department. Cut-throat <'om petition 
had reduced profits on factory-made boots to 
almost nothing, and in the ctt\)rt to cheapen pro- 
duction, manufactunu’s introdtieisl inaehinerv. 
To attempt the marUc't U\ Avhieh tlu^ Avell-to-do 
purchased soemed hopeless ; Die Avay to suc(-ess 
was production of hoots at popular prices in 
attractive styles, ('heapness, for the time', 
became the sole aim of the machine boot manu- 
facturer, and when cheapness is the chief 
objective, quality su1T<;m, During the seventies 
of the ninetoonth century, the British hoot 
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markets Avere flooded with a class of boots 
unworthy of the bootiiiaking trade ; no Avorse 
wcTc ev(*r made since boots Aven^ Avorn ; but 
they AV(*re low in price. P(‘ople, however, 
soon found that tlie loAv-pric(*d machine- 
made boobs were not cheap, <'ind a strong re- 
action set ill. Kvin’ybody wJio could afford it 
wont in for liand-made bo'ots. A considerable 
sectien of the artisan class remained Avho Avoro 
unable to buy hand-made boots, and for this 
market the luxit f.ietorics competed. Prices 
Avere maintained, but (piality Avas improved. 
To meet tlu‘S(r eirciimstances, manufacturers 
demanded and got. bettor and more reliable 
maehiiies, or [laid tlu^ high prices machine 
makers had r<‘quired fur the best machines. 

BootmaKihg Machinery. According to 
American authorities, the idea of making hoots 
by machiiKMy original ('d from an invention 
by David Meade Handolph. in ISOl). 'Plio boot 
in which the sole and up])ers are unikul by 
pegging lias always he(*n made somewhere or 
otluT. Randolpir.s machine was devised to 
ins(»rt the pegs and clinch them on an iron last. 
Ill 1810, M. 1. Brunei, improved on llandolph's 
idea, and ])atented a sole-riveting machine, 
which produced fairly good Avork of its kind, 

Sewing Machine. During the following 
40 yinirs tht5 pc*gging-machines were improved, 
hut the main direction of inventive effort Avas 
fowards the making of a maciiino that would 
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HOW Holes. The sewing inacliine, 
originally invented by Thomas 
Saint, an Englishman, in 1790, 
gave the idea upon which 
Lyman B'ake worked in 
devising a machine* for 
stitching on soles. 15 lake 
brought out his patent in 
IS.'jS, and for a time its 
iniperfoctions wcuv iTi()re ap- 
p r e c i a t e d 
t h a n its 
merits ; but 
the Civil War 
gave Blake 
his oppor- 
tunity. Boots 
were needed 
in a hiiiTy for 
tJie armi(‘s t he 
X o r t h o r n 
Stat/CK '\v'(se 
massing to 
figl»t the (’on- 
fodtu'ates, and 
tliough not 
p erf e e t , 

Blake’s ma,- 
V. h i n e 1 35J 
could produce 
sewn boots 
with gn'at 
rapidity. Tiie 
original machim 



year 
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Til is 

machine is a chain-stJtcli sewing machine. TJie 
hooked ncc^dlc works through a rest or support- 
ing surface of the upper jiart of a long (uirved 
arm, wliicli projects upwards from the table of 
the machine. Tliis arm slioukl he of such a 
form as to carry the rest, into the to(^. . . , 
There is a loopcr in the rest, or horn, and this 
looper lies in the psth of the needle with an 
eye. TJie thread is 
led along the', curved 
«rin up through the 
looper and into the 
eye of the needle, 
tensions being on it.” 

Though this first 
Blake machine pro- 
fessed to take the 
thread into the too of 
the boot, it was not 
quite successful, and 
in I860 an improve- 
ment was added 
which obviated that 
defect. 

Improved Sew- 
ing Machine. As 

the sewing machine 
tJien ^tood, it could 
not be aceepi(‘d as a 
iubstitute for the 
hand sower. It was 
rather a substitute 
for the pegging 
machine. In 1862, 

42^3 



however, August Destory invented a 
curved needle for upe in sewing 
machines, and the American partner- 
ship, Good- 
a n d 
sue- 

cessorrito the 
Blake firm, 
took hold of 
the idea, and 
brought out a 
machine 
which could 
sew the boot 
on the last, 
and imitate 
hand sewing, 
British 
Machines. 
Tiiat is the 
story of boot- 
making ma- 
chinery on 
the other side 
of the Atlan- 
lic ; but its 
history on the 
British side 
is somewhat 
different. 
Long before 
•stor) m a e li i n e r y 

for b o o t • 
Muiking was though t of in Ameru^a, a Leicester 
linn had diwised machinery for the purpose, but 
llh^ inventions wiau* laid aside. With plenty of 
^•kill(‘d labour at hand, flie need for machinery 
was not k(‘i‘n. Besides, the boot required for 
the Britisli elinnili? did not lend itsi^lf readily to 
machine manufacture. For the American 
climate, boots lightly pegged and slimly sewn 
were tlie very thing, and for this class of boot 
the inaeliines were 
adapt iki and K 2 ieeded 
iq). Here wo have an 
explanation of the 
failure of hootmaking 
machinery in this 
country when it was 
brought over from 
the United States. 
The American style of 
boot was not intro- 
duced, but the ma- 
cliines were used for 
making ordinary 
strong boots, and the 
results were pitiable. 
In a very short time, 
however, the machine 
manufacturers rose to 
the occasion, and 
invented machines 
suited to British needs. 

Progress. Year 
by year mechanical 
skill has overcome 
more and more all 
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the problomfl of bootmakiug, till, at tiu* prps(‘nl 
day, a well-eqnipped factory can protliicc bools 
that will stand comparison with the ordiiiary 
products of tbo craftsman, ll is true, tliere will 
alw’ays remain a birge field for the hand-math' 
boot, and no one who loves his craft would wish it 
otherwise. No matter liow excellent the maehiiu*, 
it can never equal the skilled hand in special 
lines ; the highest class of boot is the spcndal 
work of a special man. But for the great h(K>t 
market of the w^orld, the juihlic willing tOAvear 
Itoois short of perfwq., at a fail- priiM', the bool 
factory is the great source of supply. 

Number of Operations. As it stands at 
present, the boot factory is a line example 
of the division -oMabour principh^ in pra<dicc. 
For every detail there is a machine. The making 
of a boot-top, for exampu?, is a straightforward 
matter, but our machinist has broken up that 
process into no fewer than 16 different parts, 
each part with a machine specially designed to 
perform that one act alone. 1^‘t us take an 
instance. By smart work a )>oot maker can eyelet 
a boot in about a minute, but here is a little 
machine that eyelets boots at the rate of KM) 
a minute [37]. The saving of time is simply 
enormous. All round the factory the same thing 
happens. By putting a machine, or set of ma- 
chines, to carry through one simple detail, you 
increase production and lessen cost. 

The Two Departments. Tlic boot 
factoiy, like the bootmaking trade, is divided 
into two large divisions — the upper-inaking and 
the bottoming departments. There are oven fac- 
tories which do nothing except make tops ; but, 
curktusly enough, there are no factories em])loyed 
excliwively in the soling and heeling busine^. 


leather 

and the question is. Where d«3 all those boot- 
tops go ? We fear that a good many boot- 
makers buy nifichine-made tops for liand-uiade 
boots. This is no trade secret, but a fact gener- 
ally accepted, though it may not b(' widely knoAvn 
among tlio boot -buying piiblic, Bootmaking by 
machinery is a siieecssion of small d(*tjiils which 
may confuse iinle.ss we have a clear conception 
of the general plan of the factory. Before under 
taking any piece of work, therefore, we will go 
round the factory, look into its arrangement, and 
vioAv the process of inanufacture as a Avhole. 

The “Upper** Department. The first 
division of this department i.s the cutting or 
clicking room; The pattern is first cut in paper 
to the last [36]. Tfen* hoot-top.s are being cut by 
the hundred. If the factory he of moderat*^ size, 
one man is employed on (‘aeh part of the top ; 
in A^ery big factories giA)ups of men act in th<^ 
satue AA'ay, one group cutting out fronts, another 
grou]) backs, another (piariors, and .so on. At the 
same time a smaller sc*etion of Avorki*rs are busy 
cutting out linings, bindings, and such things. 
Ob.s<?rve the system. A Avell-organised boot 
fiietory is arranged in a series of circles. Prom 
the store-room counter at this side the leathers 
and cloths are given out, and the materials seem 
to eirel(‘ round the cutting-room, and n'turn in 
the shape of the various parts of hoot tops. 
Having h(‘on ins]>ected, the materials are passed 
into the machine-room. 

Machinery. The machine-room is a ]>laee 
of pretty machine's, some of them small eno\igli 
to go into a man’s coat pockc*!.. Here the circular 
motion is observed. First the parts of tlm 
upjH'rs are skived — that is, reduced in substance* 
at the edge's. This may also he jH.'irformed by 
mae^liinery [38]. Aft(*r this and other preparation 
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rounding machines [48], each of 
which consists of a travelling knih^ 
made to travel round a wood(‘n 
pattern the size and shape of tlu; 
insole or outsolo as the case may 
be. The heavy rollers are foi- 
compressing the leather, and take 
tfce pltoco of the lapstone of the 
older craft. Guillotines for cutting 
the hides or butts into strips aio, 
also to bo found in this depart- 
ment. Machines for levelling [W] 
the lumpy parts off the leather are 
also placed in here. Sole moulders 
144] are used for blocking the 
bottom stuff to the curvature of 
the lasts, so that wlien they arc 
stiwn they shall be in their propi^r 
position. The counters or stiffeners 
are skived and moulded to shapt^ 
by the counter moulders [45J, 
while the insole macliines feather 
or bevel the edges so that ttie 
substance of the leather , shall not 
hurt the foot or cut into tht* 

up]Hir. 

The other range of machines 
last thii uppers to the bottoms, 
tack the soles into position, lay 
th('! solos flatly to the shape of the 


the parts are titt(nl or pasted logetluM* 

[39J to keep them in p(»sition wliiU* 
inacliining. Sometimes this is done to a 
shape like a bist 1 40] so as to givc^ it a 
bettor shape and lit. Linings and loi>s 
start on opposite sides of a row of 
machines, and movt^ along from liand 
to hand, receiving acfclitions and joinings 
at eacli machine, and then they moot, to 
lie put tf)gether. In this shape the to]>s 
complet(j the cindc [41 arriving at the 
other end as boot-lops nwly for tlie 
bootmakers. 

Inspection. Before the tops go 
down to th(? makers they are passed 
through the inspecting- room. This is a 
very important department in all machine 
factories. With a machine driven at 
1,00() revolutions a minute the worker 
has not timt^ to stop and reyiair slips ; 
with the inexorable supply coming in on 
one side of her, and th('. continuous 
demand from the machinist, on llu^ 
other side, there is nothing for it but to 
go ahead. As a natural (consequence, a 
small percentage of defective work is 
passed throtigh. and must be checked. 

The Bottoming Department. 

Heavy machines are used in this depart- 
ment, and it is therc^fore planted, where 
})Ossible, on the ground floor. The 
machines are grouped together in two 
divisions, those used for preparing the 
bottoms, such as presses [42], which are 
used to^ press or cut out the solo leather 
into sliapes corresponding with the 
.\«|lhpe of the bottom of the last ; sole- 42. cjutting sobbs uisdbr a doubbe opbn-bndbD press 
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last, and sow the soles to the insoles, 
nib down the channels and relay tlie 
solos, build the heels, and perfoiTii 
many other similar processes. As wo 
watch the process, we cannot help 
reflecting on the figure it presents of 
human social development, each 
generation taking tlie achieveiuonts 
of its predec€\ssor, adding its quota’, 
and passing the work forward. Jleside 
each machine is a jiile of stuff, and 
as the lasted tops come round another 
piece is added on, and sewn in place, 
and the boot is passed forward to 
another worker, who also adds sonu*- 
thing. 

Finishing - room. From the 
making -up division tlu^ boots are 
talften into the linisbing-room. Here 
tliere are machines tlial turn the betels 
into their required shape, revolving 
scouring-pads for giving them tlu‘ 
requisite smoothness, and burnishers 
for imparting tlu^ high polish so miieli 
admired. J^he edges of the sole are 
trimmed to shape by the edge-trimnuir, 
and set by an oscillating heated iron 
to prevent easy access of Avatei* or 
damp. The bottoms arc scouied and 
stained and polished — all working 
swiftly on the boots and elianging them from 
rather rough-looking things into linely-tinislu*d 
footwear. 

In following the hoots wo hav<» uneonsoioiisly 
como out of the region of machineiy into th(‘ 
(piict of oflicedom again, and here the inspectors 
are silently going over the boots before tin* 
packers lake tliem away. A p<‘g lias sprung, 
a welt has broken, the cJiannelling lias frayinl 
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— any damage, small or great, is instantly 
detecteil, aiul tlu^ boot thrown out. As the 
boots are pass(‘d, tlie paekia's tak<^ lluuu away, 
and they go to the market, wherever that 
may be. 

Various Factories. From this sketch 
a general notion of tlie boo't faetory may be 
gathered ; but it hardly givi'S a full account 
t>f the trade. Som(‘ particulars must be addcal. 
Boot nianufai'tiin^ offers wifii* and varii'd 
field to the indust lious and persevering worker. 
Factories bavi’i been established for llu^ making 
of one class of boots tuily. Oiu' faetory that 
we know vcTy well is employial in jiroflucing 
ladies’ iiiu* Iniots. and that variety alone ; another 
makes cliildnm’s and youths’ chiefly ; and theni 
are otlier works in which only heavy hoots are 
made. This sjiecialisation, while it tends to 
restrict the worker’s expi'rience, atfords oppor- 
tunities to the young and enterprising man 
seeking to start in business. Mattors havi^ 
come to such a pass that the ojierative must 
surrender all luqie of acquiring a knowledge of 
his whole tradt^ in the factory. There is no 
injury, tlierefore, in the limit put upon his 
acquiriunent by the speeialisation of the tradi*. 
It is to meet the need thus created thcat this 
work has heiui written. By technical study 
alone can the worker hope to rise above tlie 
position of a macliine-minder, or detail labourer, 
and regain his status as a skilled craftsman on 
tho higher plane offered by machine industry. 

Tlie modern devekqiment of the factory 
system has tended to cheajien and improve the 
footwear of the medium quality grade. The 
excellency of the machinery ust^Il lias^iven for 
the same value expended in shoes* a Ix^tter 
built article, and although the price of the raw 
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m<at<^ria1 has increased to a verf 
)iu*ge percentage, the ^ consumer 
has had to pay Jittle, if anjrthing, 
extra for this owing to the in- 
creased facilities adopted ‘ for 
production. 

Science in Bootmaking. 

The amount of science and art that 
can be, and is, fippJied in modern 
shoe manufacturing would, 
upon investigation, suiprise 
those wlio think there is 
nothing much in shoe- 
iiiakiiig but practical ex- 
]KTienee tind skill. The; 
last-; are copi(‘d from 
mod(*ls by a scientifically- 
eonstrucU^d lathe with 
a proportional attac^li- 
ment like a pimtograph 
to regulate the lengths 
and widths; th(‘ patterns 
arc cut and scali'd into 
sets by geometrical 
means Avith mathenuit ical 
•accuracy ; the variations 
caused by the various 
substances of k'ather are 
calculated and apjilied 
by scientific methods; 
the skins arc laid out to 
get the best ooonomieal 
results combined with a 
correct disposition of tln^ 
material so as to produce^ 
boots and shoes that will 
endun^ the strain brought to 1 (.ar upon tliem 
during wear; and all through the v;i.rioiis 
de|)Hrtments of tin* faefeuv W(‘ find seiefitilie 
methods in vogue in ])laeo oC the empirical 
m e t. h (» (1 H o f 
tlu^ older crafts- 
men. 

The finishes 
and colourings 
of the bottoms 
are art ])r<)- 
ductions, and 
much tliought 
and skill are 
brought into 
play in this 
s(*ction. 

Treeing and 
<lressing of tin* 
upper has be- 
come quit e 
an important 
branch, and a 
vtvst a n) o u n t 
o f knowhMlge 
is displayed in 
selecting t h e 
mat<^Tials and 
methods of dressing so as to avoid anything 
li^y tg^'uin or spoil the durability of the 
UuiiUer.^riiis demand upon the worker has been 



45. STIFFKMm Morijuxo 
(1* l . SluH- .Ma< hiiK‘ ('«» , Ja 


mot largely liy the technical iiistitu 
tiOtts formed in all the centres wln n 
shoe mauufaoturing is the stapl* 
industry. 

Detailed Study. In order tlun 
the student may poasess a clear and 
definite knowledge of the whole boot 
f.udory, w'c purpose going into all thr 
oi)erations in detail, illustrating an<l 
describing the principal machines used. 

We shall stand by fli • 
side of the “ clicker,'’ and 
learn how to cut out llie 
tops from the thousands 
of patterns kept in tlir 
factory. By a scries of 
tables eompiJ(3d from 
AA'ide experience w<‘ 
exhibit the scientific 
methods of measure- 
ments by which the 
machine bootmaker has 
Ix'cn able to meet tin* 
requirements of cus- 
tomers of all ag(\s, 
elass(*s, lind tastes. Fol- 
lowing the “ stuff ” of 
the boot-top, A^e examine 
the various scAving 
maebiues, and mtudiint's 
of various application, 
noting the special act ion 
and function of each, fill 
the completed top has 
been realised. 

Next conu's the bottom- 
ing department. Here aa'O begin with the cutting 
maeliint's, striking out Avith dies soles and 
insok‘S, splitting welts, and shaping the various 
parts of the materials. 
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Lasting is an important 
operation, and 
the appliance's 
jnust be can*- 
fully gone oA^cr. 
Welting, <*e 
nicmting. ami 
sole-laying an' 
the next opera 
tions, and tlu'ii 
follow's sowing. 
The Blake se w 
ing machine 
[35] has alreadA 
been noted, bin 
the praotic^id 
working of it i < 
further to In- 
explained 
Sole-pegging i'^ 
another in 
genious opera- 
tion, and A\e 

Shoe Ma, -Line Co.. M.est.r) JeJsolIsWw 

pegging has been restored to public favour aftci 
a long period of unpopularity. The heel tln u 
claims careful and detailed attention. 

Vontinued 
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THE MYSTERY OF MAGNETISM physics 

The Mag^netic Needle. The Mariner’s Compass. Mag^netism of Metals. 

Mag-netic Sounds. Magnetic Belts. The Error of the Compass continMi.i r...n) 


By Dr. C. W. SALEEBY 


must now turn to a systematic if brief 
discussion of a subject to wliich reference 
has frequently been made in preiuiding pages. 
Wo had no choicer but to consider the relations 
of light, magnetism, and the electromagnetic 
theory of light before we had propi'rly defined 
certain of tluj terms which we employed. But, 
at any rate, thes(‘ references to the subject 
must have interested the reader in it. Ft is the 
old story: eleclricit}/ —M'hich d(MMv'(‘s its narno 
merely from the. Creek word for artilxM* —was once 
a T3ort of freak phenomenon, but now its study 
dominates the whole of the natural sciences ; 
and, similarly, nuKjnetimi is derived from the 
Greek name for a particular ore of iron, but is 
now recognised to bo a phenomenon of the widest 
possible practical and theoretical interest. 

The^anci(^nts knew that tli(5 IndefiUmey or 
fnagnetic iron ore. — which, as the reader may 
remember, has \ho formula Fe,0, — is capable 
of attracting iron, in whatever form, and of 
endowing such iron with a measures of its omi 
properties. They also knew that other metals 
do not share in this pro])crty, and that the inter- 
vention of other metals between t he magnet and 
the iron does not interfere witli the attraction. 
But to the few facts they know they added a vast 
amount of pure fiction, whi(;h was accepted as 
fact for many centuries. 

Invention of the Compass. According 
to Professor (’hrystal, it was the invention of 
the compass that marked the first efioeJi in the 
science of magnetism. Tt is commonlv believed 
that to the CSiinese must be ascribed the firsk 
invention of this wonderful little instrunumt. It 
is stated by the (. Chinese historians that in the 
twenty -seventh century before (’hrist the com- 
pass was used in war. Tt is also a (liinese dic;- 
tionary that first defines the lodestoiie. The 
Chinese appear to have long used the coinpiuss 
upon land before it was employed in navigation. 
It seems quite possible that the Chinese com- 
municated their knowledge to the Arabs, ami 
that the Arabs introduced it into Eurofic. At 
any rate, even in the twelfth century European 
sailors employed a primitive form of compa.ss 
which “ seems to have consisted simply of an iron 
needle which was touched with tlic lodestone 
and placed upon a pivot or floated on water, so 
that it could turn more or less freely. It was 
found that such a needle came to rest in a 
position pointing approximately north and 
south. ... As these compasses were mad(^ 
of iroif (steel was not used till much later), and 
were probably ill-pivoted, they must have been 
very inaccurate ; and the difficulty of using them 
must have been much increased by the want o( 
a card, which was a later addition, made appar- 
ently by the Dutch.’* 


Discoverer of the Earth's Magnetism, 

The next sUige in the history of our knowledge 
of magnetism is urulouhtislly nqirescntcd by the 
life-work of Dr. William GilhcMt, of Colchester, 
who was physician to (^m‘en Elr/ahi^lh, hut who 
will he rcmcmlxMT^d not as a jiliysician, hut as 
“ the OaIil(*o of magnelism.” It is true that 
was T^rcsident of tlu^ Royal (.Villege of Pliysiirians 
and aehievt^d great jirofessional suc(‘ess. hut he 
added nothing to nu'dical seii*nci‘. On the other 
hand, he puhli.slu'd, in tlu'year H>0(), the greatest 
work that has i‘ver hi‘en written upon magnetism. 
He died three years latc'r at tin* (probable) age of 
tnl. (hlhert was tlu‘ ahsoluti* pionei^r in this sub- 
ject. Not only did he mak(^ m.any experiments, 
hut we owe also to Irim the (‘a])it al discoviTv of the 
iiiagnetism of tlic earth. Having found that the 
wliole earth is noru^ other than a gn*at magnet, 
Gilbert was thereby enabled to explain not only 
the direction oecupi(*d by the compass needle, 
hut also what is known a.s the magnetic dip. 
Says Full(‘r, in his “ Worthies of England ” : 

“ Mahomet's tomb at Mecca is said strangely 
to hang up attracted by some invisible lodestone ; 
hut the memoiy of this doctor will never fall 
to the ground, which his incomparable hook, 

‘ Dc Magneto,’ will support to <‘ternity.” 

Two or three years ago Professor Silvanus P. 
Thompson delivered at the Royal Institution 
some- most intiTi'sting lectures upon tlie work 
of (Jilhert, tlie tiTc-entcmary of \vhosi‘ death 
fell in llKKl. Pn»fess(>r Thomp.son eltaiined for 
this remarkable man ev(‘n more than is generally 
acceded to him, and supported the claim by 
many quotations. It amounts to this— that 
Gilbert must hi^ ix'garded as a forcniiiner of 
Bacon himst'lf in his t‘Xposition and demonstra- 
tion of tlic tnu^ method of science — the method 
of induction — the interpretation rather than the 
antici])alion of Nature. Certain it is that not 
only did (hlhert practise the scieiitifie method, 
hut- lie did so consciously, liaving a formal com- 
prehension of its principles and of the need for it. 

The Axis of a Magnet. We are apt to 
think of a m.agrit;t as a thing with two <^nds, 
hut it is well to follow the example of Gilbert 
himself and take the ease of a spherical magnet, 
which also has “ poles.” Tlie phenomena of 
magnetism do not at all depend uTion the form of 
the magnet. We shall afterwardfs see that they 
are not innlar, hut molecular. Sueli a spheri(!al 
magnet, then, like any other, has an axis 
and poles. That end of the axis which always 
turns northwards we usually know as the north 
pole, and conversely. We shall soon see tliat it 
would be much more correct to ilescrihe the 
northward- turning pole of tlie magnet as its 
south pole and the south ward- turning pole as 
its north pole. At any i*at(s when the magnet 
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comes to rest, the vertical plane in which its 
axis lies is known as the 'magnetic meridian^ 
indicating respectively the magnetic north and 
the magnetic south. 

The Magnetic Neddie. Having disposed 
of the notion that tin? molar form of a body 
has anything to do with its magnetism, we may 
now study the more common form of artificial 
magnet, usually railed the magnetic needle. '^Phis 
will consist of a thin piece of hard-tempered 
Htfsjl whhh has been magnet is<'d in one w^ay or 
another. It may have btvm rubbed with a piece 
of lodestonc or with an arlilicaal magnet, or it 
may have been made magmatic by eks'trical 
means. A steel knitting-needle ean <‘asily be 
magnetised by the lirst process. First of all 
■\ve must have some means of distinguishing one 
end from the other. l.K't us d(‘eide that the end 
we shall call A is to become lh<* north pole 
of the magnet and the other end, B, • the 
south pole. lA't us then take a magnet, 
place its north pole on the point A of 
the knit ting-n(‘edle, and (Iraw it aUmg the 
needle from A to 13. Similarly. w(.‘ may draw 
the south pole of the magnet, along the needle 
from B tiO A. If this process be repeat <^d often 
enough, wc shall find tliat tlie knilting-iusslle 
has iK'come magnetic. Such a magnetic needle 
may be made to float upon the surface of wat<*r, 
not because it is magnetic, but because of the 
surface tension of the water, as tlu^ rea«:k‘r uill 
doubtless remember. And we find vvlu'ii ue 
lower it very gently upon the surface of water 
that- it will slowly turn until it coin(‘s to lie in 
the magnetic meridian. It is of the utmost value, 
in many experiments to have ;i iiec'dh* thus 
balanced so that it ean move freely in a horizontal 
plane. A method employed hy (Jilbert, besides 
the method we have just described, was to sus- 
pend a very fine magnetic needle from a singk^ 
iibre of silk, which scarcely interfered at all 
with its movements. 

The Magnet and the Poles. What is 
known as the magnetic dip was indopentlently 
discow^red by sev<Tal observtMs befon* the time 
of Cillau’t. In 1544, a flerinan vic’ar <liKeovei<*d 
that the magnetic lUM’dle, as he says, points 
• downwards. “ This may he proved as follows. 
I malvc a needle a finger long whi^di stands hori- 
zontally on a point<d j)ivot so that it nowhere 
inclines towards the earth, but stands horizontal 
on both sides. But as soon as 1 stroke one of 
the ends with the loilestime, it matters not 
which eiul it h<‘. then the tumhUo no longer 
stands horizontal, but. points downwaids.” 

The rnajmetio <li]) varies in different plac(*s. 
It does, not exist at all along a lin<* wliich corre- 
sponds more or less with, but alon.g a line whieli 
definitely differs from, the equator of the earth ; 
this line is known as the ma'jnetic cgiuifor. North 
of it the north tmd of the needle dips ludow the 
horizon ; south of it the south end dix)s below 
the horizon. In each hemisphere, north and 
south, there is a x>oint wht;re one end or otlier 
of the needle dips vertically' downwards. These 
points are known as the north and aotUh magnetic 
p<>li(g^;bf the earth respectively ; but a further 
belongs to the subject of terrestrial 


magnetism, and here we are dealing 'with the 
whole subject historically. 

The magnetic dip haixing been discovered 
just before the time of Gilbert, it remained for him 
to explain it in terms of tciTestrial magnetism. 
Ik-fore him there had been made, but not ex 
plieitly stated, the notable discovery of the 
mutual l^ehaviour of the poles of magnets. 
This behaviour may be expre.ssed by the v(‘iy 
simple rule that tike magnetic pAea repel, un- 
like. magnetic polea attract each other. The law 
of the inti‘nsity of this magnetic attraction and 
repulsion is tlie law with which w'e arc already 
so familiar — it varies inversely as the square of 
tile distance. 

The Elements and Magnetism. As 

the nam<* of tlio whole subject implie.s, lliero an' 
inherent diffei'cnces betw'een the elements in 
respect of their magnetic x>roperties, and this is 
a subject of wliidi the chief student, beyond a 
question, is Miehad Faraday. The pre-eminently 
magmdic substance is iron ; with this, of course, 
Ave may include' steel, since, as the readei- 
renu'inbers, iron is its chief constituent. Long 
afl<‘r this ( K'nient vve must place nickel and co- 
halt, and also manganese and chromium. Fam- 
day studied an enormous nuniher of bodies, and 
divid(‘(l tlu'in into two great groups, ^hose 
which behave like iron, being attracted by mag- 
nets, be (ialls pnra-magnetic, while those which an* 
repi'lk'il in greater or less degree by magnets 
lie <talls dia-magnelic. We need not give the 
list of substanees whicdi ho tested. The interest- 
ing fact to notice is that almost every kind, if 
not a.hsolutely cviTV kind, of substance that can 
b<* expcTiimmted with is acted upon by a suffi- 
eic'iitly x>owerful magnet in one way or tmotlus’. 
We may Hele( t the following substances from 
Faraday’s list of dia-inagnctio bodies in order to 
sliow their heterogeiu'ous character : Hock 
crystal, nitrate of lead, citric acid, water, alcohol, 
nitric acid, alkaline salts, glass, iodine, resin, 
st'aling-wax, jet, sugar, wood, leather, beef, and 
Iffood. 

The Magnetism of Metals. Of special 
interest is Faraday’s study of the relative ma.g- 
n<‘ti(^ properti(‘s of the different metals. 4"his 
must bt* of ev(‘ii greaU'r inUu’i'st to us than to 
him, for we are much nearer than he towards 
finding tlu' c lue to the factvS. The followhig i"^ 
h^ir aday’s list of metals in order of descending 
suseex^libility to magnetism reading down the 
columns. Ft reejuires a certain amount of revision, 
liue, for instance, to the probability that iron is 
fouml as an impurity in several j)ara-magneti<' 
metals named : 

r.\RA -MAGNETIC 

Iron Manganese Ceniim Palladium 

Nickel ('hromium Titanium Platinum 

Cobalt '*• Osmium 

Dia-magnetic 

Bismuth Cadmium Silver Uranium 

Antimony iSodium Chopper Hhodiiun 

Zinc Mercury Gold Iridium 

Tin Lead Arsenic Tungsten 

The Range of Magnetism. But we 

must realise further Umt magnetic properties are 
by no means confined to solids. For Faraday 
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found that gaaes have magnetic properties, 
though it is not necessaiy here to quote the 
table of his results. The most magnetic of all 
gases is apparently oxyg(*n, though it may 
possibly be surpa.ssed in this n'speet by its 
own modification, ozone. 

Within the limits of magrudic aedion, the inter- 
position of material bodie.s is of no more moment 
as such than it i.s in tlu‘ ease of gravitation, 
provided that the intervening bodies 1x> them- 
selves non-magnetio. It lias already been n.ot(‘d 
that tins im|K)rtnnt fad was recognised some 
centuries ago. 

Though various forms of iron, for instance, are 
capable of magnetisation, tliey vaiy veiy mueh, 
and at present very mysteriously, in their beha- 
viour when so i)iagri<di.sed. A fiieec of soft iron 
will become a magnet when it is touched by 
or pla(!ed sufficiently near to anotlier magiud ; 
l>ut so soon as it is ji‘movod fioni this infliien<‘e, 
its magnetic powers vani.sh. Stet'l, ho weaver, 
or a hard enough iron, when adefiuatt'ly mag- 
netised, will ndain tlie jiroperty inddinittdy. 
Wo are as yet quite inca])ahle of explaining 
these differences. No wondtT, the thoughtful 
reader will say, wh<*n li(‘ rt'iiK'inbers that we an* 
hitheijto intuijiahle of reducing to their ultimaft* 
basis the pi'operties of hardness and softnc'ss. 
This is certainly not a chemical <pi(‘stioii of the 
admixture of carbon or other eh‘ments with tlu^ 
iron, but somehow depends iqxin tlu? jiliysicul 
constitution of the bodies in question. 

How Physical Conditions Affect 
Magnetism. Certain illustrations of the 
effect of physical conditions upon magnetism 
may be quoted. Tlius, in the ease of soft 
annealed iron, under certain conditions «a con- 
siderable b^^^rcentage of induced magnetism can 
he retained. Hut the mere effect of a tap is 
sufficient to destroy this. 'rhis single instaiiee 
is extremely suggestive. 

Then, again, we may take the intJu<*iK*c of 
temperature, whi<^h is found to be very deeided. 
TTp to a certain point a rise in teiiifieratiire in 
the case of soft iron greatly inercast*s its res^ionse 
to magnetism. Yet a point is reached beyond 
which the rev4Tse action occurs, and the mag- 
netism of the iron disappears. It is indexed 
true for all s|X‘cim(*ns and all varieties of iron 
or steel that there is a tcmtxu*aturc — varying, 
of course, in different cases — which w^e may c*all 
the critical t<^mpt;rature, and Ixyond which tin? 
magnetism entirely di.sapjx)ars. 

Wo commtmly think of a magnetic needle? as 
having two ends, which w’e distinguish as its north 
and south poles ; but tliis is only a relation, and 
the remarkable fact wliich we discover when 
we break up such a needle is that tliis relation 
holds good of all its parts. Break the needh* 
in two and each half becomes a magnet with its 
own north and south pole, their positions 
corresponding to those of the unbroken needle. 
Break up these halves again and the same result 
is found. Must we not then conclude that the 
ultimate molecular units — ^not, of course, the 
ultimate units — of such a magnet are themselves 
magnetised ? In short, must we not form some 
imtilecvlar theory o/ magnetism ^ 


A Lrimit to Magnetism. In the attempt 
to form such a theory we may note various facts, 
some of which have already been referred to. 
For instance, we may note the jiarallel state- 
ments of Wiedemann, which show us the apparent 
parallelism hetwinm magnetism and other physical 
conditions, for the explanation of which we must 
refer ourselves to the molcenle. Thus : 

1. Jarring a body 1. Jamng a bar un- 
iinder twisting stre.ss der magnetising force 
causes increase of twist, causes increase of mag; 

netisation. 

2. Pc'iinaiient twist 2. Permanent mag- 

in a wire is (liminishf‘tl luitisation in a bar i.s 
by jarring. diminished by jarring. 

J. A win? ]H‘riiicin- J. A Imr permanent - 
(‘fitly twisted and tJien ly niiignctised and then 
partly untwisted loses ])artly demagnetised, 
or gains twist wlu'ii losc's or gains magno- 
jamxl ac(‘ording as tlie tisation a(*cording as 
untwisting is small or tlu* demagnetisation is 
gr(*at. small or grciat. 

We owe t(_) Weber the original form of the 
thooiy wdiich att(*mpts to (‘X])lain such facts 
as the alx^ve in molecular t(‘rms. We may 
call it the tlieory of molecular magnets —the 
th(‘oiy that tlu* individual molci*iil(‘S of iron 
or steel are tlu‘ms(‘lv(*s magnets. W(“hor snp- 
jiosed that in unmagnet isod iron the molecules 
are lying in all directions indilT(.M(Mitly, and that 
tluy, tlu*refore, neutralise each other's action, 
with the r(?siilt that tlu? mass as a w’hole 
has no magn(*tic action. Tlu'ii, whi‘n the iron 
is magnetised we may sup]u>se that th(3 molecules 
have all been t urned more or l(‘ss in oiu^ direction, 
so that their action is surnmated instead of 
being mutually lu'utralised. Such a thcfjry 
evid<.*ritly leads to the (*onclusion, wliieh is 
verili(*d, that th(*re is a deliiiito limit to the 
pos.sihle magnetisation of any Ixjdy. 

In sonu? form or otlu?r Weber's theory must 
probably stand. It has ])(*(*n .somewhat modiiied 
iiy the sugg(*sti(jii that tlu? mol(*eul(?s are not 
independent of (*aeh other hut grou])ed in eer- 
laiii ])ositi()ns ; and this siijiposition may serve 
to explain iium? of the facts. 

Magnetic Sounds and Magnetic 
Belts. Under certain conditions sounds may. 
Ih? ])roduced by tlie magnetisation and de- 
magnetisation of iron and steel, tlu? production 
of the aerial vibrations being due, doubtless, 
to mechanical changes in the metals. It 
w^as the gi’cat JouU?, to w'hom w’e liave often 
referred, who first clearly reeogiii.sed tlxat “ the 
magnetic extension in the core of an (?lectro- 
inagnet takes place so siidd(*nly that the shock 
is sensible to the touch, and is aeeompanicd by 
a musical note arising from vibration in tlu? 
metal.” The earli(*st telephone on record 
dejiendcfl, according to Professor ('hrystal, 
essentially on the magnetic sounds produced by 
a varying current in an iron core. 

No doubt there may be magnetic! belts on 
the market which do contain magiu'tised por- 
tions of steel or iron, though in in any eases it 
is impossible to discover any activity in these 
articles. Statements designed to indicate the 
potency of the magnetism, and asserting that 
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it will act through vartous non-magnetio . This is a phrase uded by Iiord Kelvin in order 
obstacles, will be appraised at their due worth to describe the mduence upon, a ship’s compass 

by the reader. The potencies and properties of the ship’s own magnetism. All the soft iron 

of magnetism and its relations to the living of a ship is magnetised by the earth’s indue- 

body are,* of course, obscure, though certain tion, though thjs magnetism is pnly temporary 

definite facts are known, as we shall sec. But and not important. On the other hand, all tho 

it may be most positively stated that there steel of tjie ship and its hard iron acquire a 

is no evidence wh.atever to show that these 'more or less permanent magnetism, tho exact 
magnetic belts have any appreciable action of nature of which depends upon various factors, 

any kind upon the body. That good results such as the position in which the ship lay while 

may sometimes follow their use proves nothing it was being built. This permanent magnctisn\ 

whate'fer as t<3 their possession of any dtdinito of the ship is a very serious matter, and may 

physical profierties. For, as in a thousand other mean the difference between life and death for 

instances, the great majority of diseases an^ the sailor. 

famously affected by anything in which tlio The Greatest Inventor in History, 

patient can be induced (o Ijclieve. The interest Tt. is not necessary lu^ro to describe the various 

of magnetic belts, therefor<‘, is not really })hysieal kinds of error which tho permanent magnetism 

but psychological, and comes under the heading of the ship may induce in the indications of tlu^ 

of the subject which the psychologist calls compass. But wo must eelebrato once more tlio 

s'ttgqejition. great name of Tjord Kelvin, that mighty genius 

The Karth,ihe Sun, and the Magnetic whose practical inventions alone constitute him. 

Needle. Tn our brief introductory history of perhaps, the greatest inventor in history, while 

this subject we have already outlined one or two his contributions to pure science would suffice 

of the facts of terrestrial magnetism. Wt; have to immortalise a dozen men. 

seen that \Villiam (h’JlKM t f;xplaiiied the Inliaviour Tlitj Thomson or Kelvin compass is now 
of the magn<^tic needlti by the extouaely hoki to he found on every ship that sails the 

but justified speculation tliat the earlli it.sclf is seas, and no one can say how many lives it 

a huge spherical magnet. It was this tlu^ory has saved or what worth of cargo. Among 

which led (hllxu-t to experiment with little the distinguishing propertk^s of the instrument 

spherical models of the earth ^hieh he ealle<l we may britdly not<) thei foci that the Kelvin 

tcrrellaQ, or little Hirlhfi. We have also notiee<l <'ompass contains six or eight magnetised needles 

the existence of the magnetic pok'S of tho earth, instead of one, and that the various kinds of 

and may briefly note that tlic term isoeUnie errors of thes compass are correck^d by means 

lintH describes lines drawn on ehai’ts of the of approju’iate apparatus, such as bar magnets, 

earth so as to pass through i)lac‘es where the horizontal and vert ical, the position of which can 

angle of dip is the same. At the magnetic poles In^ altered, and halls of soft iron, wliich are 

the angle, of course, is 90 degrees. Again, though fixed on to tlu' binnacle at tho level of the card 

w sj)eak of th<^ needle pointing nortli and south of thc! compass, and which neutralise tin's 

we must remember lliat, except along two magmdisni induced by the earth in the soft iron 

lines, there is a {leclimition, or variation, at every of the shi}», 

point upon the eartli's surface hetAveen the tnic^ The Field of a Magnet. Wo have 

meridian and the magnetic iiKU’idian. ‘‘ Isogonic alnsuly stnui that in the iKu'ghhourliood of a 

lines ” indieat-e plae(‘S where tluj declination is magiuff then^ is some essential difference from 

the same. tin? conditions winch pn^ vail further away. The 

Poets are apt to use the magnetic ne(*dle as a ai^a ov(‘r which tlio magnet exercises its influence 

symbol of constancy — “true as the ne<‘dle fo we may describe as the /;Vk? of the magnet. We 

the Pole.” But, as a matter of fact, there ari^ have alreaily noted facts from which we may 

incessant changes in the behaviour of the needle properly infer that the earth itself, being a 

at any given place as regards both variation and magnet lias a lield in its imnuidiate neighbour 
dip. Some of these can scarcely la^ measured in i,ood. And this is so. The existence and some of 
less than centuries, others definitely eorrespoml the characters of a magnetic field may be shown 
to the year, and others, again, may h(? nuuisurc'd spreading some jron filings evenly upon a 

from hour to hour. Lastly, we may note the nlu^rit of paper underneath which lies a magnet, 

amazing ftict that the behaviour of magnet ie. it ^ye tap the paper wo find that these filings 

needles on the (^arth is iiiliueneed by the state arrange tln'insclves along a series of curved lines 

of tho sun. It is deffnitely known that sun spots passing between the two poles of the magnet. 

afTcct tho magnetic needle. These curved lines are known as lines of force. 

The Error of the Compass. If the earth and tluur study is extremely complicated and 

boamagnet, then it should have all the propci-ties interesting. The appropriateness of thei* name 

of a magnet. For instanc(% it should be capable will be seen if wo make a further experiment, 

of inducing magtietism in susceptible substances which consists in lowering a small i;nagnetiscd 

in its neighbourhood. It has this property, needle over the paper and seeing what happens 

and it is found that steel masts and columns, to it. Its point will be found to follow one of 

pokers, hammers, and other objects of steel, the lines of force already indicated by the 

aire, |«ji^iently magnetised to affect a compass position of the iron filings, and if the north polo 

This is the i-osult of induction of the needle be downwai^ it will be driven 

of the magnet we call the earth. towards the south pole the magnet. 

. Continned ^ . 
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By WILLIAM J. HORNER 


'XHE (carpentry work in ^oof^^ consists in tlu^ 
* erection of t he wood framework to which th(‘ 
rtlates, tiles, sheet metal, or otlier covering is 
attached. Roof work is not now so entirely the 
province of the carpenter as it formerly "was. 
Very large n)ofs are built of iron or inikl 
steel, with no woodwork about, them. In 
timber roofs the ties, or members that are sub- 
jected to tensile stress, are often of iron, in no 
ease is wood used as exclusiv’^ely as formerly, 
when even the pins that united the timber 
joints were of wood. 

No matter what the shape or size of a roof 
may be, the ciirpentcM' has to provide for and 
arrange a series of rafters 12 or 14 in. apart 
over the entire surface. If tlic length of tliese 
exceeds about S ft., intermediate support must 
l>e provided for them, (lenerally they run from 
the roof ridge or apex down to the eaves, but 
occasionally the horizontal position is adopl(*d. 
For convenience in attaching the roof cov<‘ring, 
it is generally necessary eitiu'r to board the 
rafters entirely over or to nail t)n a stnies of 
strips transversely, the former nu'thod being 
best. 

Different Classes of Roofs. Wlu'n 
the span from wall to wall does not ex<‘eed l(» 
or 18 ft., the earpc'iitet’s work is of a much 
simpler character than in larg<‘r spans. This is 
becfiuse of the necessity of suf)porti?ig long tim- 
bers at intervals, since it is more economical to 
provide intermediate supports for eoiuparatively 
slender timbers than to render them iiidepeiidcnit 
of intermediate sup])ort by greatly increasing 
their section and weight. 

Roofs, therefore, may first of all be dividt'd 
into tw'O classes — those in which rafters alone are 
used with suitable woodwork to which to attach 
their ends, and those in which an elaborate* 
skeleton-w^ork of wood must first be built up 
for the rafters to rest on. Tho.st^ in the first, 
class are suitable for sheds and wry small 
buildings of various kinds, including small 
dwelling-houses. Those in the second may be 
divided into king post roofs, suitable for spans 
between 18 and ilO ft., qaem fxtst roofs for 
spans betwreen .*10 and 4.5 ft., and cofnpoujid 
roofs for spans of more than 4.5 ft. There aix^ 
also a few forms simpler than th<? king post which 
come between that and the simple rafkn- roof, 
and there are some other forms suitable for 
moderately large spans, which do not fall under 
either of these classes. 

The l#ean«to Roof. The single slo})e, 
or lean4o roof [241], for a span of not more than 
10 ft., may be constructea only of rafters ex- 
tending from one wall to the other at the neces- 


sary sli>pe. In roofs so small tlvat the distance 
from ridge to eaves is le.ss than (i or 7 ft., it 
is not ne(‘essary to use rafters at all, but simply 
to l)(»ard the siirfac*'; over, provi<Iing a suitable 
support at top and bottom for tlu* 4*nds of the 
boards to hear on. The hoards in siieli a case 
should run with the slope. \V)u‘n laid on rafters 
in tlu* ordinary way, they run transvcMsely to 
the slo])e, which, as far as throwing otf w'Ot is 
concerned, is not so satisfactory a ])Ositiou. 
Sometimes in medium and large roofs boards are 
laid iliagonally on the roof surfac(‘, the main 
idea in this Ixung to make them act. as diagonal 
bracings to the other parts of the roof frame- 
work. The advantage, how'cver, is only slight, 
and tliere is considerabh* w^aste and (^xtia work 
in fitting tliein in this way. 

Wall Plates. In tiu‘ l(Nin-to roof, when 
rafters are us(‘d, a bar of wood, or 'wall plate ^ 
as it is called, is fixed along the top of the 
lower wall flush with the inside edge, and the 
lower ends of the rafters are fitted with a 
birdsmoutli joint [242] and nailed on to it. 
/\t the upf)er ends attachment of the rafters 
to the wall is mon^ troublesome, but it should 
be done secur(‘ly to r(‘(luce outward thrust on 
the lower wall. A wall plate may bo cither 
built into or attaelied to the back wall .at 
the dt'sired heiglit, and fretpieiilly l)rieks are 
removed or jecessivs ehij)ped for the ends of the 
rafters to enter into, as in 243. When this wall 
filate is not built into the wall, it may bo bolted 
or naih‘d to it , or may rest on a proj(‘cting coui*so 
of bricks built in for thci purpose. Or another 
go(Kl method is to nail short lengths of hoop iron 
to the wooil, leaving |)rojecling ends ni the iron, 
which can he built in between bricks as the 
wall is t^rcctcd. With a wall plate securely 
attached tlie rafter ends are ofttui not let into 
the wall, hecaiise it is always advisable U) leave 
<‘nds of timber exposed to tlu^ air as much 
as possible to preserve it. from decay and 
dampm^MH. 

4’he section «)r scantling of the rafters will 
depend on tlu‘ir length, and ranges from IJ in. 
to in. wide, by 3 in. to (> in. dee[). On these 
the transviTso strips or boards are nailed to 
take the roof covering. 

A sinijjle roof of this kind is limited to span.s 
which do not excised 9 ft. or 10 ft., but the same 
class of roof may bo employed for considerably 
greater spans if suitably tied and braced. 

Fig. 243 shows how a horizontal beam may be 
introduced at the base of the roof, ami, if desired, 
a vertical post at the back, so making a rigid 
triangular frame which will exert no outw’ard 
thrust on either wall. The dotted lines also 
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show how a brace or strut might be introduced 
to afford support to the central part of the 
i fif tors, and if desirable a vertical tie migltt extend 
from there to the middle part of the horizcmtal 
beam. Generally, however, if the span ho large 
<^tioiigh to rcquive^this, the couple roof is adopted 
instead. 

Function of Wall Plates. The purpose 
of wall plates is to distribute tin* weight of the 
roof unifoi'inly on tlic wall instead of at intervals 
on the individual bricks U[3on which the rafters 
would otherwisti have to bear. They ar(^ g(*.iierally 
about 3 in. deep by 4J in. wide, or in laige. roofs 
C in. by 9 in. They are generally spikecl on the 
wall flush with tlu? kmt'r fa- e, Ui avoid increasing 
1})(? span. Sonielirnes two wall plates are iis(‘d 
parallel with each other witJi a sf)ace between. 
When the lower entls of llu^ rafters project over 
the wall it is sometimes necessaiy to have 
wall plate Hush with t he front, as in 244, and notch 
the rafters on to it. Another im^ihod is shown 
in 245. Often in large roofs wall plate is not 
<‘ontiniious, but short- plates, or as they 

are called, are inserted for the roof t-rii.sses to 
rest on, the rafters themst*lves lK‘aring on a pr»le 
plate, wliieh will he deseriht'd later. Tlie.s(‘ 
templets an^ about ItO in. long and sometimes 
are of st-one or imUal instead of wood. The 
usual form of joint foi* wall plates, >\lieii it is 
noc(?ssary to join timbers eiul to end, is tliat 
shown in 246. 

The Couple Roof. The couple roof 1247) 
reduces the length of the rafters by one half, and 
consequently iiicreas(‘s their stnsigth, thus 
I'UabJiiig a larger s[)«an to l)e bridged without 
increasing the section of tlu? rafters. The weak 
feat/Ure in su(!h a roof is that its ’s\(*iglit does not 
b<;ar vertically on the walls but U’lids ti> tlirust 
them apiirt; and as it is c‘asy to modify its form 
so that all, or a great- deal, of ibis outward 
thrust is prevented, the simple form in 247 
is seldom (unployed for thucIi larg(‘r spans than 
the Jerin-to roof, unless the walls are low or are 
thickem^l or buttressed to withstand it. As 
far as the strength of tlu^ rafters themselves 
is eoueerned, 1*2 ft. may be rt‘gai(h‘d as the 
maximum span for ’wliich this roof is suitable. 

The Collar Roof. It may Ix^ strengthened 
and made suitable for larg(*r spans by eorim;cling 
the opptjsite rafters w'ith a collar', as clott<*d in 
247, W'^hich aets.cith(;r as a br’a-ce or a lie to tiro 
rafters accor'ding to whet her their* low er ends ai'e 
rigidly fixed or free to sjuead. Jt is called a 
cnlfar roof and would usually be n-dopted for 
spans belw'een about 10 ft. and 14 ft. A short 
collar immediately under the ridge })la1e, as 
shown dotted in 250, also adds to the strength 
of any roof of tliis kind. 

Xn collar roofs the lower ends of the rafters 
iwe birdsmouthed on t-o a wall plate and the 
top ends Ix^ veiled to bear against 1>U‘ ridge plat(\ 
wliich is placed between [248]. Tlio function of 
the latter is to provide a straight- and continuous 
ridge along t^e top of the roof. Fig. 249 shows an 
inetliod. The rafters are nailed at 
thiwPShds to the w^all and ridge plates. The 
eithw nailed or held by a bolt 

|lie raftem. Sometimes the joint is made more 


secure by halving the parts together, generally 
with a dovetail halving, but this is hardly ad- 
visable because it weakens the rafter at a point 
where it needs to be as strong as possible. In 
the ordinary collar roof the position of the collar 
is half way dov^ii the rafters. The lower the 
collar js placed, the less outward thrust the ends 
of the rafters can exert, and when placed abso- 
lutely at the base, as in 250, it ties them com- 
pletely. 

The Couple Close Roof. The roof 
is not then called a collar roof, but a con pie close 
roof, because it has two slopes closed by a tie 
at the base. In this form, unless a ex)llar bo 
addtxl as well, the middle portion of the rafters 
Joses the sup])()rt which the collar would afford ; 
luit the main reason wdiy a collar half-way up 
is used, if possible, in prefercnci^ to a tie Ix^am 
at tlie base is that tlie Jatt-er in a low building 
is often too mueli in tluj way or too unsightly. 
Jt also, of course, consumes more material and 
adds t(» the weight of the roof, for although tlie 
tie lieam is in k^nsion, it is necx,M:5sary to make it 
of (xmsiderable depth to prevent sagging in the 
middle, and the gn^ater its length the greater 
must it-s depth be. 

In eit-luT of these roofs it is not essential that 
every pair of rafuss should be tied.* The con- 
nections may be only at alUTiiate ones, or. at 
longer intervals. In some eases the wall plates 
instead of the rafters may be tied. Fig. 251 
shows wall plates tit^d by iron rods, and some 
intern u^diate rafters resting on purlins which are 
support<Hl by collars at intiTvals. When the 
wood tie beam is employed it forms the base on 
\vhi<*h the lower ends of the rafters rest, and it 
extends .s(H'ej‘al inches beyond the rafters at each 
end, so that a suitable joint can be made between 
them, 'riie fo!*ms of joint generally employed 
w'<*re shown in 168 to 171 [page 4043], but tlio 
methods of holding it together vary with the 
size of the timbers. Furtlier examples of tlieso 
joints and fastenings are shown in 252 to 257. 
Sometimes tlu' ]>art-s aie halved together, but 
a joint in which the rafters bear their entire 
section on top of the lx*am is Tiest. Wlien the 
raftei* bears on the tie beam within the inner 
face of tlie Ai all, a stub tenon [170, page 4043], 
with its front at right angles to the body of 
the rafter, and tapining to nothing at tlio 
back, is gimerally most salisfactorj^ Ixvause 
very little material is cut from tlie tie beam. 
Jf (lie rafter lx*ars immediately over the wall, 
as il always sliould do if possible, a stronger 
joint i*an be made by cutting more from the 
lieani, wliieli is then better able to with- 
stand the consequent w*cakening. *A bridle 
joint 1 167 and 256] is sometimes preferred to a 
tenon, but it weakens the beam more than the 
latter and does not transfer the lost strength to 
any otlier jiart. Its only advantage is that there 
ar(5 no liidden parts which ipay not be in 
cont^t and taking their share of the stress. 

The ends of the tie beanv. goncrally have a 
bearing of about 0 in. on each watt, and it is 
prevented from moving by being either spiked, 
cogged, or dowetted oil to the watt plate. In 
small roofs it Is customary' <injy to nail or spike 
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it. A cogged joint was shown in 177 [page 4043J. 
The thickness of rafters and tie beam are usually 
the same, but the depth of the latter is generally 
greaU^r because it is longer. If it acts as a joist 
for supporting a ceiling as well as being a tie 
V)eam for the rafters, then its depth must be 
increased accordingly. The rafters range from 
3 in. to (> in. in depth according to tlic size 
of the roof ; 8 ft. is reckoned about the avei-age 
length over w'hich they can be allowed to extend 
without intermediate support, .and t heir sta t ion 
then should be about 5 in. by 2 in. b'or a span 
of 12 ft. without intermediate sup^M^rt, whieii is 
the most that can be attempted with economy, 
their section should be ;d)out 7 in. by 2 in. or 
0 in. by 3 in. 

The King Bolt. In roofs of ordinary 
slope, which is about. 30 deg. w ith the horizontal, 
the lie beam is the longest member and the first 
to need suj)]>ort at the eentre. Pjom 10 ft. to 
12 ft. without s\ipport is generally eonsidered as 
mueh as is advisable, but this is f resilient ly ex- 
ceeded in roofs wheu'e the ti^t al span is only a few 
feet more. When the span exceeds about 15 ft., 
the simple eouple close type is abandoned and a 
vertical tie introdiicid connecting the ridge of 
the roof w'ith the horizontal tic, as shown dotted 
in 260. This prcvi'nts the horizontal from sag- 
ging in the middle, and leaves the weaki^st part 
of the frame then at tlic middle of each rafter. 
This is suitaVile for spans of as much as 18 ft., 
but beyond that the rafters need bracing and 
the king j)ost truss is iiitroduciMl. 

The King Post Truss. For spans of 
more than about 18 ft., what is known as the 
kimj poftl truss [258] is employed, and this is so 
satisfactory an imfirovemi'iit on the preceding 
typi's that it is suitable for any spans up to 3.0 ft. 
Tn this the tie beam is supported in the middle 
by a vertical tic called the kintj post, .'uid the 
rafters are supportisl in their middle by struts 
or braces from the base of the king post. It is 
obvious that this makes a very rigid frame, hut 
the reason why that arrangement is best is not 
so a])})arent until the part which each member 
plays is considered. It would scarcely Ik* sup- 
posed at lirst that the vertical member, or king 
post, was subjected only to tensional stri*ss, 
y<*t it is a f.act that it is entirely in tension. 
The diagonal struts, on the other liand. .are 
entirely in compression. Of the outside frame 
members the horizontal beam is in tension and 
tlic rafters in (‘om]in*ssion, as in the previous 
forms described. The stress on the rafters, 
however, tends to bend and break them inwards, 
and consequently, as with the tie beam, their 
depth must he greater than their tliiekness. The 
struts, being subjected to ei>inpression with no 
definite transversi^ str.ain, wull bend according 
to the direction of their least dimension, and 
conse(|ueutly should he made as nearly as pos.sible 
square in section, and not leas either w'.ay Ilian 
Ath of their length. As straps are seldom em- 
ployed on the struts, it is often best in largo 
trusse.s t^make them less in thickness than the 
posts anwafters, thus saving material and iveight 
in the roof without lass of strength. 

To 4ennLon8trate graphically how the middle of 
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the beam and the middle of each rafter receives 
support from the internal members of the tri- 
angular frame, we will suppose, as in 259, a 
chain substituted for the rigid king post, and the 
beam and struts separated from the rafters, the 
latter being prevented from spreading at their 
base, and acting as a tripod in supporting a 
weight. It is Uien apparent how the vortical 
tie supports the beam and the struts the rafters. 
In practice, of course, a chain is never used, but 
eillK*r a wood post or an iron rod. 

All the parts of the king post truss, w'ith the 
exception, sometimi'S, of the stiruts, arc generally 
made of uniform thickness because flat iron straps 
can then be bolted on the surface to hold joints 
together. This thickn(*ss ranges from about 
3 in. for a siiiall span of 18 ft. or 20 ft., to 5 in. 
for a span of 30 ft. In their other dimensions 
the members vary. 

Rafters. The raft(‘rs (un|)loyed in the 
composition of the king post truss are of larger 
dimensions than tshe rafters previously alluded 
to, and of dilTerent character. Fn the smaller 
ty])es of roof only one kind of rafter is required, 
but with the king jiost truss tw'o .kinds of rafters 
are introduced — the principal rafters .and the 
connnan rafters, 'riie common rafters .are neces- 
sary in .all roofs, and are of the dimensions already 
stated. 1'hc principal rafters support the eom- 
mon rafters in trussed roofs. The reason of 
this is that king post trusses cannot be formed 
under each pair of rafters without making the 
woodwork of the roof needlessly heavy and 
involving a lot of unnecessary work. King post 
ti ussis, t]i(*refore,'are set on the walls at iiit-i'rvals 
of about 8 ft. or 10 ft-. a]).art, and .are connected 
by transverse bars ealU'il purlins. At the apex 
tiu'y are connected by the ridge plate, which is 
let into llie t()j)s of the king posts, and at tlie base 
tin* tie beams are cogged on to the wall ])lates, 
and are also ('oiinected by a rail on top, of the 
same character as a \)urlin, but called a 
plate. 3’his forms a framework [260] to which the 
common l afters can be attached, and w hich aflords 
them ample siip})ort, so that they are not then 
required to carry .‘i very great weiglit unaided. 
Sometimes trusses of different cliaracter alternaU'. 
with each other, the heavier being used over 
buttressed portions of the Avails, or to support 
heavier parts of the roof. The trusses are also 
known as the principals of the roof. The prin- 
cipal rafters are those vvliich occur in the truss 
frames, and tliey have to be kept below the level 
of the common r.aftcrs because they c‘arry the 
siq>ports for tlio latter. Thciy range in depth 
from about 4.J in. to 12 in., acjcording to the 
size of the truss. 

King Post, Tie Beam, and Purlins. 

Owung to the peculiar sh.apc of the king post, it 
is nec(5ssary to reduce it from, a piece of timber 
measuring about twice the Wwh of the ultimate 
size of the central part. TM exact size of the 
enlar^i^ ends is got by niarking the bevels of 
the ratter and strut joints, keeping them as nearly 
as possible at right angles to the inclination of 
those membera. The arrangement of the king 
post joints is shown in detail in 261. Iron straps 
are usually bolted across the joints to hold the 
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members together, an(i the stirrup which supports 
the tie beam is generally tightened by folding 
wedges through the post, as shown. Sometimes 
a bolt is inserted instead, as shown dotted in 258. 
In heavy timlu'rs a cast-iron socket rec4?ivf's Iho 
base of the king ]jost and the diagonal struts. 
The tie iKuitu is given about ^ in. of camber to 
10 ft. of length. 

The purlins, or horizontal tails, on which the 
common rafttTs n^st, arc gcru'rally put immedi- 
at<‘ly over the tops of the struts, as in 258, and 
as tiicre arc only two struts in a king post truss, 
the ])urlins arc consctiiumtly two in number 
also, uc!ciirring on the middle part of the rafters. 
At the top the (common rafters are Httetl and 
nailed to the ridge |>late, and at tlie bottom 
another rail called a po/c jilatr, is nailed on top of 
the tie beams or on the lower exti'eiuit ies of th(‘ 
nineipal lafters |258 and 267]. On to this tlu^ 
()W(‘r cMids of the <‘Otnmon raftiss are birds- 
moutlied and naiUul, The purlins are notched or 
recessed in. or .so to lit over the ])rin( ipal rafters 
and nailed on, and further to prevent tlunn from 
sli))ping or turning over under the downward }>n‘s- 
sure ablockorehMit is fixed h<‘low for them to Ix^ar 
agauist 1258]. Details of these joints are shown 
in 262. In ordinary work tlu^ cleats are usually 
men*ly nailed on the surfa-t'. without being 
fitted, as shown. Kxamples of cud joints in pur- 
lins are shown in 283 U) 265. The (‘oinmon 
rafters are notelied to Ht the ])urlins. 'I’lio stirrup, 
tightened by folding wtslg^'s 1261], is th<5 best 
method of connecting the king post and tie beam. 
The bolt 1 258] is suitable only for snuUl trusscM. 
To insert it, a hole lias to be bored up tli(‘ centre 
of the post, and a slot cut in one side to ins<‘rt 
the nut, after wliicli the opening is ])lugged. 

Het^l straps f252 to 254], or a Ixjlt (255 and 
258] arc employed to hold the principal rafters 
to the ti(? beam. Sometimes th<' strap is put on 
at right angles to the inclination of the rafter, 
and so holds the Joint direclly t<)g<‘ther, and 
sometimes tlie angle is increjis<*d, as in 252, so 
that it acts as a tie to the thrust of tlu‘ rafter. At 
the head of tlu^ king post a bolt is sometimes 
used, .as dot ted in 267, Vint mon? gi'innally str.aps 
[258], or sometimes ])lates. The truss should be 
put together with the king post slightly short 
and the stmts full to UMigth. 


The Queen Post Truss. In spans of 
from 30 ft. to 45 ft., the beam and rafters are 
supported at two intermediate points in thi^ 
length instead of at one only, and the arrange- 
ment of ties and braces for doing this is called 
a queen past truss 1 266J. The middle, or king post, 
is abandoned, and two shorter ones, called 
((ueen po.sts, arc introduced, one on each side, at 
.some distance fidiii the roof centre, thus sup- 
{Mu ting the tie beam in two places. These two 
posts are <*onnected at their tops by a horizontal 
mt^mber, calleil a straining hcain, and the junction 
of Ihc'se alTortls support at one point for the 
rafters. It will be seen in 266 that the prinedpal 
r.afters end at this point, and do not continue to 
the top of the roof as in the king post truss. A 
stmt from the base of eacJi qiu'cn post alTord^ 
support to tlu^ middle of t^ach principal rafter, 
jMid the purlin over this point occurs about a 
third of the distauci* u]) the eoiumon rafter, the 
next puiTm at the top of the queen post heina 
another third. dMie queen post joints do not 
dilTer e.sscntially from those of tlie king post, 
<vK<‘<‘pt .so far as the difference in arrangemiuit 
lequin's it. As ill the king post truss, it 
is C'onvMMiieiit to have the niemhers of similar 
thickness so that Hat straps or plato can 
Im* hoit(‘d across the joints. A useful rule by 
whi(‘li suitable thicknesses for any given span 
may be obtained is giv^en in (Jr. P. Alkm’s 
‘‘ Practical Ihiilding Ponstriietion.” For a king 
post truss ilivide tlu' sjian by .5, and call the 
quotient inches, which will be the thickness of 
the truss. For a ipieeri ])ost truss, divide the 
span hy S. which will giv(‘ the thickness in inches. 
Suitable dimensions, botli thickness and depth, 
are given in the table on preceding page. 

Compound Roof Trusses. For spans 
of more than 45 ft., compound trusses are em- 
ployi'd, consisting of a combination’ of king and 
(pietui post, trusses, and as many additional 
vt'rtical lies with eorn'sponding struts as may 
h<‘ nxjuired. Tluu'r* is no limit to the extent tt> 
which this may he carried, but in practice th(^ 
horizontal tie beam is generally abandoned for 
otlier forms of truss, or the roof is broken up in 
a number of slopes, receiving support from below 
by pillars oi’ walls when the area covered is v'cry 
gnait. When the queen post a.!one is not 


niMKNSlONS OF TIMBER.S FOR ROOFS 

c % i Til* heiuii. 

§ ^ 

Kiii<^ post. 

(JMI.I II iMisIs 1 iVmi ipal 1 Sti-aiiiliijt 

(,»IU til posts. 1 

Stnd.s or 
liniees. 

Purlins. 

CV.ininoii 

rafters. 

Ikep Wiilt* Dei]) Wiik* 

Orep Wide J)eep Wide; Deep Witte '|)etp Wide 

Deep Wide 

Deep Wide 

Deep Witle 

10 4x2 

15 5 X 2.1 

20 9 x 4 4 x4 

25 10 X 5 4 X 5 

30 11 x 6 4.Vx 6 

35 11 X 4J 

40 12 X 5 , 

45 1 3 X 51 I . . . 1 

50 1 13 X 1 

55 14x7 ' 

;60 ; l5-i< 7J 

II — 

. . . . 5x4' 

6 x '5 ; 

7 X (> ; 

T) X 41 . . 8 X 41 1 7 X 4i 

fij X 5 . . 9 X .‘5 f 8 X 5 

i 6j X r,i . . 10 X 51 ; 9 X 51 

ej X 0 I 2i X 0 10 X «■ 1 SJx 6 

!7 x7 '21x7 ,11x7 !9x7 
i 7J X 7J 3' X 71 i 12 X 7i j 10 x 7i 

4 X 4 
4x4 

4 X 4i 

4 X 4i 

5 X 5 

5 X 5i 
6x6 

6 X..7 

m 1 

7 X 4 
7Jx 4i 
9x5 

8 X 4i 

9x6 

10 X 5 

10 X 5 i 
10 X 6 

10 X 6J 

3J X 2 

H X 2J 
3i X 2 
4x2 

6 X 24 
4x2 

4J X 2 

5 X 2.i 
4i x2 

51 X 2 

8 X 2i 








BUILDING 



TIMJJhJii WORK IN HOOFS 

274. Sawtooth r(H>f 276. .Mai)sar<l 276 and 277. IK tuils of joints 278. Ilippi -I ronf 279. Tritnmipfi' 

280. relied roof 281 uinl 282. 'riiiihciN for an li 283. Uainnn r hcani 


suliiciont, a king post is frecjuontly insi'rted as 
well, either as in 267, or h(‘tw<‘en tin* roof ridge 
and the straining Ix'.ain, as dottinl in 268, using 
a pair of struts from its base if dcsiral)b\ 'Die 
next stop in a eonijiound roof is to intifMluco 
another pair of posts outside tlie <jueen posts 
[267], also using struts from their liasi^ if requireil. 
Other posts or vertical ties may I'e employed. 

Trussed Members. Purlins, ridges, or 
rafters may be trussed as an a-lternative to 
supporting them at frcMpient, intiMvals, or to 
making them of siilTieiently largo section to 
extend long distaiiees without intermediate 
support. The ordinary king or queen post 
trusses may . then either be dispensed with 
entirely, or placed at great dis1anc(*.s ajiart. 
Purlins are often trussed wluui the distaiu*e from 
nail to wall m hardly sufficient- to justify the use 
of a transvei’so truss midway ludwcm. Rafters 
are not often trussed, because^ ibey an^ so 
numerous, and supports are more economical. 
Ridges require it only in exci'ptionally long spans. 

Objections to the Tie Beam. The 
horizontal tie beam at the base of roof trusses is 
regarded more or leas as a necessary evil. The 
one great point in it-s favour is that it ties the roof 
^ base ^d relieves the walls of lateral strain. Tlie 
objections to it are that it obstructs a great d(?al 
of space in the interior of buildings, thus often 
making it neces^aiy to buM higher walls ; while 
in Very large spam it b9&mes economically, if 


not practically, impossihle, because of the enor- 
mous wc'ight of material nc'ci'ssary to form 
tru.sscs of thi' riMpiircd .st length. 'Phe hori/.oiital 
tic b(‘am, thcn‘fori‘, which is thi^ nuiiii element of 
the tri.ingular-shapcd truss, is often disc'arderi, 
cvi'ii ill small spans, for tios which slope upward, 
€69 being a common e.xamph*. In some of tli<^ 
cai’ly wood roofs similar nuMluxls were adopted, 
lull such ties are now nsnally nf iron. Horizon- 
tal ties of iron ari^ also ot'teii employed instead 
of the wood bi‘ani, but vvluni ei'iling joists havti 
to be attached to the iind*-!' surl’aci^, ilu* wood 
beam is rnon; (*onvenient. 

Jn 269 a collar is em|)loycd to impart rigidity 
to the rafters, and to its central jiart the tie rod 
is bolted. In 270 a king bolt is employed to 
siqiport the tie rod and two stmts, thus making 
a stronger tiuss suitable for larger spans than 
269. Pigs. 271 and 272 show methods of 
muployiiig iron king bolts instead of wood posts. 
Pig. 273 shows an ari Jingement for another kind 
of roof supjiorted by posts instead of walls ; 
274 is an c.\am|>l(^ of a sawtooth or we*aving-slK‘d 
roof. The last, however, are gencudly eon- 
siructed entirely of iron. They are commonly 
employed for fact-ories, and are arrjuiged in a 
series instead of one span over tlu^ building. The 
long part of the slope is slaterl, and the short-, 
steep part fitted with glass and facing the north 
so that the interior q| the building gets a steady 
light without sunshine. 
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The Mansard or Curb Roof. The have been trimmed are tusk tenoned or notched 

mansard or curb roof [275] is a peculiar form of into the trimipers, which are of the same sec^tion 

roof often employed, especially for dwelling- as the two tiimming rafters. A 'frame of the 

liouses. In this case the horizontal tie beam at desired size is thus provided in the roof surface 

the base is retained, but the .space above it without any rafter.s crossing it. 

utilised. In ordinary direct sloped roofs the Other Varieties of Wood Roof, 
space above, although large, would not be of Among types of roof without liorizontal tie 

much value for rooms because of the sharp slof)e beams there are several that have been popular 

of the sides. Tn the mansard roof this is over- when wood was the only material available, but 

come by making the sides n(‘arly v'^ertical for in most of them" either an enormous amount of 

some distancte up, and then avoiding a v^ery work is invt)lved or str<‘ngth is sacrificed to 

high and acute roof ridge by alti‘ring the angle to appearance ; besides whu^h, the walls often had 

a very low" one. Tn large s])ans the king ])ost to be made niueli thicker to sustain them than 

truss is employed for the upper part, with posts is the custom Jit present, ft is obvious that 

^ and struts at the ends betw"e(‘n the upp(‘r and an arehed construction lik(‘ 280 needs no tie 

low'cr tie beams. Fig. 276 shows a medhod^of at all t.o enable it t.(^ support itself and to 

joggling a strut to n beam, often adoptcid^in exert, no f)ut\\ard pressure at its bas(». A.s the 

the mansard roof. Fig. 277 shows another only way of forming curves of great length in 

method of arranging the rafter and strut in a wood is to build them of a great number of pieces 

mansard, so that instead of the slates meeting breaking joint with each other, that method has 

where the angle elianges, there is a drop from Ix'en ado])ti‘fl to form arched roofs of timber, 

one slope to tlui oth(*r. In small spans there is 'I’he two most popular varieties of this kind have 

no king truss in the vipper part, but tlu* rafters btssv built of timbers joined as in 281 and 282; 

care tied by a collar. but outsider of these* straight slo])es have been 

Hipped Roofs. Nipped nutjs [278] are nMpiin‘d to stiffen the curved intcTior and to 

very common, and eonsiderably Complicate the carry the roof eov(Ting. There arc also numerous 

earpenti*r’s work. Instead of having a. v(‘rtieal or arrang(*ments adopted in tennporary etaiiring for 

gable end frenn which to begin tiu^ lim* of rafters, arches tliat an* suitable for roofs, 

the roof is sloped at the ends as well as the sides Another variety of roof without a tie at the 
of the building, and tlu^ rafleiw have to be base is know^ri as the hammer beam 1283]. It is 

aiTanged acctmlingly. This necessitates a stout best suited for liigh-pitehed roofs of not very 

diagonal rafter, called a. hip rafter^ from (wli great span. It throws considerable .strain on tlie 

corner of the walls to the end of the ridge plate, walls, whi(‘h must be made thick enough tO' 
and the common rHftoi*s liav<^ to be cut to tlu^ withstand it. Wood roofs without tie beams, 

correct length and angle to meet this, as shown in however, are exceptional, because they ran be 

278. A valley, also shown in 278, is the rever.se bc'tter and mor(^ clieaply btiilt of iron. In very 

of a liip, and is also frequently necessary. In large spans also wood cannot compete with iron, 

small roofs w hat are know n as a ^hm/on hram and The prinei))le on which such roofs are built is 

an angle brave are employed to prevent the out- that of the arehed girder strengthened by tie rods, 

ward thrust of the hij) rafter from acting directly and there is usually no carpentry about them, 

on the corner of the building. The arrangement is Domical, conical, and polygonal roofs are 
roughly show n in 278. 'J’hc angle brace bridg<\s occasional ly required, and form very light find 

across the corner at some distance hfirk from .strong structures. Their rafters or ribs meet 

wlicre tlie walls meet, aufl is securely attached at a common centre at the aj)e.v, and radiato 

to the w'fill plates. 'J’he ends of the wall plates are outwards and downwards to the w^all plate, 

half lapped, and the short dragon beam is notch(‘d which extends »*nt irely round the top of the 

over this and extends back, and is tusk t(*noned wall. Shorter rafters may be employed he- 

iuto the middle of the angle* brace. I'he base tween as the eireumferenee increases, and 

of the hip rafter is notched and stub tenoned into transverse ribs or purlins where necessary, 

the dragon beam. In huge roofs llu^ hij) rafter is Interior ties and braces are often adopted, but in 

trussed instead of a dragon beam being employed. small roofs are not necessary. A domical roof 

Trimming. Where chimneys, skyliglits, refjuires curv^ed or arched ribs, and when these are 

dormer w'indows, or other openings in a roof of w"ood they are made in the same way as 281, 

occur it is generally necessary to trim the rafters and the outer and inner edges cut to the sw^eep. 

in order to leave sufificieiit open space. As it is Drips, Falls, and Gutters. Some amount 
very seldom that entire rafters cfiii be omitted, it of w"oodw"ork is generally necessary on which to 

is necessary to pr()vid<^ sup]mrt/ for the ends lay lead or attach gutters for carrying off water, 

where a portion of their length has been re- For the details of this the carpenter is generally 

moved. This is called trimniinj^ and the trans- dependent on the plumber's instructions. In 

verse piece tliat supports the ends is called a roofs with overhanging rafters, as in 258. 266, 

trimmer. Occasionally the opening can Ik? made and 268. a fascia board is generally attached to 

immediately alioye or below a purlin, or carry a cast-iron gutter. In parapet and M-roofs, 

between two purlins. But the usual method is a flat or box gutter lined with lead is generally 

shown in 279. The trimmers are tusk tenoned used, and to carry this, horizontal bearers are 

betyjreen two rafters, which are generally \ in. attached to the rafters or to the pole plate, as 

tbit^r than the others, and are called trimming in 267, and boarded over to lay the lead on, a 

raftHi . The ends of the infervening rafters that slight slope being given to the gutter lengthwise. 

Continued 
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HOW TO DRESS & BE HEALTHY 

Group 25 

HEALTH 

Healthy Skin and Ideal Clothing^. Cleansing: of the Skin and Hair. 

12 

Baths. Clothing Materials. The Best D.ess for Men and Wo.nen 

( '••iiliiiticd fi oiu 
I!./* 


By Dr. A. T. 

IT is unfortuTUilcly too generally true tlmi 
^ cleanliness in clothes decreases as we near 
the skin. The collar and cuffs are frequently 
changed, the shirt not so often, the v<\st more 
seldom still, and the skin only thoroughly 
washed perhaps 6nce a fortnight, anti sonu*- 
tines not even then ! The modern systtun of 
large baths in even small houses is an inenl- 
culablo boon for the middle classes, whiles the 
public baths in most tow ns are so wt*!! ap]>ointed 
and managed as to bring cleanliness within the 
reach of all. 

Impurities of the Skin. There are at 
kmst three impurities needing constant removal 
— the dried-up scarf skin of dead epidermal cells 
constantly being produce<l on tiie suiface of tla^ 
body, tlie continual secreti(3n of oil and water 
from the glands and jiores all over the surface, 
and the dirt which inevitably settles on the skin. 
l.«abouring men and porters, who stand much in 
need t)f baths and w^ashing, Jiave ofte!i more 
healthy skins than clerks and i)eo])Ie in business. 

reason of this is tliat they p(M’spire fn^piently 
and excessively, and thus a good deal of the elfete 
matter is washed away by a. natural p?*oecKs. 
No cloth clothes or any garment tJiat cannot 
he washfed should ever Ix^ worn next th<* skin, 
'lliey should h(^ ehangiu] at least/ (n^'ry w<‘<‘k. 
The skin requires, howcvci*, often soimdJiing 
moi'e than merely to 1x3 kej)t clean. If it is at 
all delicate the face is apt at times to Ixx'omc' 
hard and drj^, A^Tinklcd, spotted, or otherwises 
disfigured, often from preventable causes. 

The best lotion or wash for a tender .skin is 
ure rain-water, pure soft water’, boiled w'at<‘r, 
istilled water, or artificial soft Avatcr, wliich 
can be made in any town where only hard 
water ‘is laid . on by putting at night in tie* 
ewer so^ueh of Maigneii’s “ Anti-t'alcaire. ’ as 
will lie on a halfpenny. In th(3 morning, 1lu‘ 
water carefully poured off the sediment will Ix' 
found beautifully soft and- tit for tlu^ im^sf. 
delicate skin. For women no soaj) should lx; 
used for the face but jrurc curd soa]>, and, for 
delicate skins, prepared oatmeal, and, once ;i 
week, very hot w’^ater and a little cur’d soa]). 
The worst thing for the face is hard walx-r, and 
tar, carbolic, or strong yellow soa]). Another 
way of making the skin of the face coarse and 
pimply is to use face i>ow'der. 

The Turkish Bath. The 1\irkisli bath, a 
beautifier of tJie skin, is imj^rted from the 
Bast, and in its Fnglish form is most safe and 
useful. Besides being by far the most effectual 
deanser and pore oxxmer tha^Ve have, it is a 
graieral restorative and tonic of the highest 
value. On brain-workers and residents in towns 
H confers the highest benefits. Taken weekly 
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or fnrt nightly, if will be found beneficial in 
every way. There arc sonu; castes, however, 
ill which it is dangerous, and medical advice 
should be first sought by anyone who intends 
to take it. • . 

jCleanliness and Cheerfulness. 
AnotJier result of the inaction of the skin which 
is very common is disijase of the lungs, liver and 
kidneys. Wifh a clean and li<‘althy skin, the spirit 
is chc(‘rful, tlx; food is enjoyed and easily digested, 
excrcisi; is a delight, the* mind is calm, slc.ei) 
quiet, an<l, in additi«>n, there is a general moral 
elevation of the whole man. Drunkenness is 
rare amongst cleanly peo]»le. 

Row, then, is the skin ix‘st kept clean ? First 
of all, by wasliing tin' body. This should he done 
every day witli widei", and once a Avec^k with soap. 
SAvei ps, scavengers, sewta* men, dustmen, many 
labourers, stokers, and blacksmiths get so dirty 
that it is necessary they should wash widl all 
ex]K)sed parts at night with soap. In summer, 
Avati'r that has been standing in the room all 
night is quite warm enough to use. 

Baldness is much more common amongst young 
in(*n than women, and amongst the upper than 
the lower (‘lasses. I’liis is partly due to the faJs(j 
id(‘a that continual bathing of th(‘ hcail and l)ru.«h- 
iiig with hard brushes is good for tlx* hair, and 
])artly to tlx* use of the tall silk hat. which is tlx; 
worst enemy for the Ixwl ever devised. PeopkA 
an* si‘l(loni bald t‘X(‘(*pting on that part which is 
ahov(‘ the lcv(‘l (3f ilu; brim of the hat. It is not 
generally known that Avater docs not promote 
tlx* grfiwlh of the hair, but, on the contrarv, 
injures it. if too constantly aj)pli(‘d. Umh*!* 
ordinary circninstanc(‘s a man’s head should 
not he waslu*d ofUix i* than on(.*e a week, and a 
AA'oinatrs onc(* in thri‘(* W( (?ks. 

The Effects of a Cold Bath, (’old 
baths have a temperature of from (iff to (in'. 
'^rix*y first of all drive llie ]>lood t4) the heart, 
thus greatly stimulating if and qux’kening the 
circulation ; tlx‘n tlx* i)lood rushes hack to the 
skin, producing a AHoIcnf reaction. A cold hath 
at tirst somcAvhat dcf)resscs and then stimulates 
tlx* system, in slight ((»ngestion of the lungs, 
liver, and brain it is v(*ry g(xx! when the reaction 
is brisk - not olli(‘iAvisc. In chronic joint discii.s(A 
the cold douche is v(*ry valuable. In bathing 
it is had t-o stand in cold water np to the, niiddh; 
only ; this produ(*cs t(Xj much congestion of tlx; 
uppt'i’ half of the body. Usually a p<Tson 
should not dress until the warm glox ( omes. 

A cool bath, from 70" to 75'\ is a great luxury 
in hot weather. The body should bt; dry-rubhed 
all over with a towel before entering tlx; water. 
Tliere is a gradual loss of heat for a while, 
followed by a renewed sense of vigour. A tci)id 
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bath 19 another hotter — 80^ to 85*^ — and, used 
in winter, is tlio same as a cool bath in summer. 

A warm bath, from 00'^ to 95°, has a different 
fiffect altogether. It allays all pain and irrita- 
tion, draws the blood towards the surface of 
tlu> body, is a great sedative after fatigue, and 
a capital substitute for want of slec{). After 
travelling or exposure to the east wind it is v(‘iy 
agreeable. It does good at the , beginning of a 
cold, after illness, and after brain irritation, ft 
is the bath for cleansing with soap and a tl(‘sh 
brusli or flannel ; it is gootl for aged peojile, and 
sJioiild be tak(‘n at any rate once a week, lasting 
from twenty minutes to half an hour, but not 
immediately after a meal. 

The Ideal Bathn A liot bath, 100'’ to 105 
is a great stimulant of the system, hut after a short 
time it rapidly (exhausts the heart. It (juieklj^ 
relieves s(‘\ ere (Congestion of internal organs. Aft(‘r 
a hot hath, brisk exercise in the open air does n<.)t 
give cold. One of the most dtclieious combinat ions 
possible is to Jiavtc a eoldspong<‘ after a hot bath. 

If a bath at home is impracticable, there still 
remain the piibli<; baths, '’riu'se are of thns* 
sorts— the plimg(i bath, the swirimiiug hath, and 
th(‘ I’lirkisli bath. 

Tile plunge hath is foi* washing rath(‘r than 
for bathing, and, well filled with liot. water, forms 
on the Saturday night iin admirable eonehisiori 
to the we(‘k’s toil. A cold show(‘r hath is 
nearly always provided, and if taken at the 
end, luid follownnl by a brisk rubbing wilh well- 
aired towels, is proof against catching cold on the 
way home. 'Hue swimming hath, regarded as 
still a luxury, will, we trust, soon Uc thought as 
much a neicicssity in ev(‘ry town and village as 
in the old Roman days. Of course, it may bt‘ 
abus(*d. Boys or girls may nernain in it too long, 
till they are blue and shi veiling ; or silly and 
dangerous feats of sti(*ngth and endurance may 
be attempted, resulting in souk? strain. 

What to Wear. Tin? ])ui'i)oso of clothes, 
from a sanitary point of vi(?w, is to i?ov<*r the 
body so as to preserve it from fetding external 
changes of temperature, and to afford a general 
protection to tin? skin from wet and injury, as 
well as for adornment . In tiu? present instance 
wx> are ehi<‘fly concerned with (questions of 
warmth and pr<)fec?tion. 

Let us consider the essential qualities of a 
good clothing matt?rial, and then review those 
that are used and mio which com(?a ncare.st to the 
standard with regard to warmth. A tHunmon 
idea is that (?lotlios w^arm us. This they never 
do, of whatever material they may be made. 
It is we who warm them, just as we also warm 
our beds. T'he faCit is, our bodies are exactly the 
right heat as they are, without any clothes, and 
if the ti'iniieraturo of the air were always about 
90”, we should require no cilo thing for sanitary 
reasons ; but as it is not, wii want a material to 
isolate us from surrounding intiuences. 

* To be perfect, clothing material worn next t-o 
the skin should possess the following qualities : It 
should be a had ct)nductor of heat — that is to say, 
ii s^uld allow lieat to pass very slowly through it 
Jn ei'her direction. The effect of this is that in 
'summer, when the sun is hot, it does not allow 


its heat to permeate through and warm our 
bodies too much ; while in winter, when it is 
cold, it docs not allow the heat of the body to 
escaiie and bo lost. Such material w^e call cool 
in summer, and warm in winter. 

The Qualities of Good Clothing. In 
the next place, such a material should be porous ; 
it should absorb moisture, and at the same 
tim<? allow' the exhalation of the body fre<?ly 
to es(?ape, be comfortable, and not too heavy 
or inflammable. We w'ill, therefore, examine? it 
as to (‘ight main points. 

1. {.\>Nr)i:rTi(>!v of TIeat. What is wanted, 
seeing that our bodies tliemselvcs are kept the 
right heat by the blood, is isolation or nou- 
eoiiduction. Wlic?n the external temperature is 
low'd* than blood heat (98.^'^) a non-conduct- 
ing inateM'ial keeps us warm. When it is above 
hS.y, which is mre, a conducting material is 
warmer. Wool is the? w'orst conductor, then fur, 
f(‘ath(‘rs, silk, cotton and flax. Flax is twice? as 
good a eoriduetor as w'ool, and lienee has half tlu? 
warmth. Tl\at is why ice is kc])t in flannel, and 
\vo(-)l is used for tea-eosies and kettl(?-holdt?rs. 
dolour aflects warmth by conduction. Black 
absorbs twice as much heat rays as white?, then 
dark blue, blue, r(?d, green, y<?llow. Henc(? 
white flannels in summer and coloured in w'int(*r 
are worn for games. 

2. AnsORCTioN OF Water, or Hv({roscopy. 
Wool here l(‘ads with 170 parts of water as 
maximum, and a minimum of 110; then come 
silk, cotton and flax, with a maximum of 75, aruF 
a minimum of 41 . Wool being most hygroscopii?, 
is badly adapted for outer garments exposed to 
the w et, as it gets intolerably heavy when soaked ; 
thus, a w'citerproof is belter than an ulstier. 

3. EvAPORATrox (JF Water. This is a very 
dangerous process in clothing, as it lowers th(‘ 
temperature iM])idly ; lienee materials such as 
cotton, from w'hi(;h wat(‘r evaporates quickly, an? 
cold. Wool, on the contrary, has slow^ evaporation. 

4. FijRusiTY (to air). Wool comes first, with 
10, cotton G, lintui G, wash-leather 5, silk 4, 
waterproof 0. 

i). Impermeartlity (to wind and w abT). The 
order here is fur. w^ool, silk, cotton, flax. 

G. iNFLAMMARii.rrY. Wool leads, then follow 
silk, linen, cotton. 

7. Absorption of Odours. Wool absorbs most. 

8. EuEcrrHic Qualities. Wool generates 
rents and allows body currents to pass ; th<?n 
come, in order of their electric qualities, silk, 
wool, flax, cotton. 

The Best Clothing Material. The lx‘st 
elotliing material, therefore, is that which is the 
w'orst conductor, hygroscopic, with slow evapora- 
tion, iiKxst porous, imperin(?ab1e, least iiitlam- 
mable, and w'itli electric qualities. 

Only one material — as, indeed, is now becoming 
well known — fulfil§ these conditions, and that 
iwS the natural covering of the sheep — wool. 
When properly manufactured, woollen garments 
are the most comfortable to wear next the skin ; 
hence wool is no#' used as the material in making 
an immense variety of clothes. One sort of vest 
suitable for summer is like a fishing net, with 
meshes J in. wide. Another is knitted like a 
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stocking, of varying tliickness and fineness ; it 
shrinks little and wears well. Ordinary flannel 
is a third sort, and may be had of any thickness 
or fineness. An inner garment should always 
l)e ratlicr loose in tit and in texture, thus en- 
suring warmth and sanitation. Again, wool is the 
lightest material for clothing in proportion to 
the warmth it gives when dry, and thus for every 
reason it is tlic best for underelotliing. 

The same amount of clothing in separate layci-s 
gives more vvarmtJi than in one — that is to say, 
two thin jerseys are warmer than two thiek oiu's. 
This is in virtue of the air between the two. 

At night, except for quite young chiklren, 
linen or cotton forms a better dress and moiH^ 
soothing to the skin than wool, the bedc!oth<‘s 
making a sufficient protection against cold. 

Wool is rough, heavy, dirty, shrinks, absorbs 
odours, and is expensivT-. Now, roughness is a 
real advantage in all s(‘dt‘ntarv occupations when 
the skin is sluggish ; on tlie other hand, vv^oollcn 
clotlis are now wov’cn almost as smooth as 
silk. It is not strictly correct to regard fiaimel 
as hea\y, for wool is the lightest /or the same 
amount of warmth. It does not show dirt readily, 
and is thus considered dirty. 8hriiikag«* is 
the most serious drawback, but can be avoided 
by the use of distilled watci and a purely neutral 
soap (with no free alkali whatever). Woollen 
articles can be boiled, and by this process aloiu* 
disinfected, for 15 minutes without damage. Iji 
ordinary water and soap they arc either utterly 
destroyed or made lik(; a board. There can bt^ 
no doubt that on the whole the advantages of 
wool far outweigh its disadvantages. 

Various Clothing Materials. Fur 
forms all invaluable article of <;l<jthing, being abso- 
lutely impermeable and a bad conductor of heat. 
It is sucli an /ibsoliite protector that groat care 
is required in its use. Leather is admiiable for 
motoring and all rough, exposed work. Feathers 
form light and warm articles of (jlothing owing 
to the amount of air they retain, 

Filk is three times as strong as flax, and forms 
a most delicate, and useful material for under- 
clothing as well as dresses. It ranks in most of 
its good qualities next to wool, and suiqmsses it 
in its smoothness and electric qualifies, but is 
most expensive. (Miina silk contains no silk, bul 
is China gi’ass. 

Cotton is made into evciy conceivable article 
of clothing. Under tlu^ name of flaim<‘l<5tt<\ a 
pure cotton cloth is made to resemble flannel by 
raising the surface, so that it can absorb more 
air and give a warm f(*eling. CV»tton is most 
inflammable. 

Flax can bo spun into linen almost as fine as 
silk, and cloth of every sort of fabric can be made, 
from the most delicate muslin to .ships’ sails. 

Cotton and linen are both good conductors of 
heat, though linen is the better. Comparativ«‘ 
powc!’ in losing heat is seen in the fact that while 
woollen fabric lien tod to 150 deg. loses 10 deg. 
in 124 minuitcs, cotton loses the same amount 
in 94 minutes, and linen in 7|: minutes. The 
advantages of linen and cotton are tliat they are 
easily w'ashed, are soothing to the skin, and arc 
white, which wool never is ; but they do not absorb 
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water. 'Fhe result is that they are cold, even on 
hot days, as they leave the perspiration on tlu^ 
wet skin, insl<^fid of drawing it off into the cloth. 

PafM'r may hardly be consid(Ted as a clothing’ 
material ; but it is c»f great v'alue to the poor 
as a cov(M‘i!ig for beds, etc., and worn under 
the clothes, l)eing a great non-eonduetor of 
heat, and thus v'cry wairm. It is also inexpen- 
sive, though not nearly so mucli used as it might 
l)e. The w (‘a ring of pa|>or spretul over tlie chest 
and buttoned under tlie eoat answers the purpose 
of an overcoat. It makes a eaiutal exti’a lining 
for boots, waistcoats, etc. 

Dress for Men. With men, clothing is 
fairly rational and sanitary, and among 

W’oimm, as we sliall set', such advances in a 
right direction have lu'cn made that the strong 
languagt' used against th(‘ir dr<*ss by lioalth 
reform(*rssonie yi'ais ago is now <|uiteout of [)lace. 

'Hie hi'ad is tlu? only part of the Inxly 
naturally clothed, and savt^ for cleanliness nt^eds 
no other cov'cring. Indt'cd, it is far lx;tter 
bare than crowned with the chimney -pot liat. 
A tight -lilting tall hat is often really dangerous 
owing to the compression of the temj)oral 
arteries. All head covta ings should be light and 
well vtmtilated. Tlie ordinary hat wtaghs more 
than twice as much as a proper head -covering 
need do. wliile the w^ant of ventilation prodiuavs a 
great and undue susc4‘ptil)ility to cold. An 
ordinary (aip, a soft felt hat, a fur cap in extreme 
cold are all sensible b(*ad covia’ings devoid of 
danger. In summer a straw hat is admirable, 
and is both c.xln'rnoly light and wcll-vcniilatcd. 

n(‘ck should l>e hut lightly covered, and 
left free of all constrictions, for mufllcrs and 
neck wraps are fivquent causi‘s of cold and 
bronchitis. \ lieard is, of course, a great pro- 
t(x*tion, unh'ss it happens to Ix^ frequently wet 
and imperfectly diied. 

Men’s Good Sense in Dress. With 
rc'gard to tlie body, (he ordinary dn^ss worn 
by men fairly fullils the recpiinunents of lu'altli. 
It is not pkturesipic, as a ruli‘, but it is 
suited to our climate. The knitted woollmi 
vt^st with long slccvi s is n capital garimmt, 
also a knitti'd belt rouutl the liody as a jiro- 
teclioii against liv^er chills ; so is the outer 
jiM'.sey or guernsey of sailors -and tishermen. 
The coat and waistemat of civilised lif<^ is a 
sensible attire for a variahU^ elimale, for if very 
cold the coat can Ik* buttoned iqi. if warmer 
it can Ix"! left ojicn, if hot it <a\n be dis- 
eard<*il altogetla*!'. Ih accs should always l.x> used 
in j»n‘f(‘rcncc to tight Ix'lts. It may bo taken 
for granted that any garnu^nt that compresses 
any jiart of (he body is harmful. The habit 
that working men have of tightly buckling a 
lx.*lt round the waist wlien hard at work is 
most injurious, and may lead to serious strains. 
No garters should be w'orn on the legs. Men’s 
boots are, as a rule, sensible; only, the boot of 
the countryman is generally as uuv'i(*lding as if 
made of cast iron, rendering pcaicctly usele.ss 
all tlie elaboraUi muwiles of the foot. A proper 
boot should follow the natural shape of the foot, 
should bo elastic in the vs nist and sole, and liavo 
broad, low 'heels. 
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Bright -coloiirod socks or stockings should body. It would also cut liglit across other organs, 
always l)e avoided, as even now they too ofUui such as the })anereas and duodenum. Now, it is a 
contain poisonous dyes. Leather leggings and literal fact that even Ji moderate amount of com- 

puttees are hotter than waterproof coverings. pression indents the liver with the shape of the 

How a Woman Should Dress. The. ribs, produces shortness of l)reath, palpitation, 

chief errors which occur in women’s clothes are and dyspejisia, while, if carried to ex(;ess, the 

theresultsof the vagaries of fashion. I noiu^ortwo rib.s may l>e dislocated, the liver nearly cut in 

r(‘spc^(ds even ordinary (rlothiiig greatly errs, but two, and the severest diseases set up. 
it is undoubtedly in fashionable dress that th<‘ The natural size of a woman’s waist varies from 

greatest danger lies. ( Jarments cut on h<‘altli lines 24 in. to 26 in., and all the generations of tight 

only are confessedly absurd ; for, after all. clothes lacing have not been able to make it smaller, 
have to fulfil many purpo.ses, beauty being one .Vnother evil is the use of heavy woollen skirts 
of them. There are three great laws of health and underskirts tied round the waist, and hanging 

that must be obeyed in the dress of wonum, from it. 4’he evil here is not eompression, but 

and they arc : No compression, no drpressinn, no d(‘])ression of the internal organs. No strings 

tt}t pression, should h(‘ fastened about the middle of the bod>'. 

.During the last twenty years tliere has (siken but a well-fitting bodice of some stout material 

place a revolution of tluMuost beneficial cliaraelt r should he worn over elastic corsets sufficiently 

in the whole arrangement of a. woman’s under- supplied Avitli buttons for the suspension of all 

wear. The numerous ])ettieoats and underskirts the lower garments. Care should be tak<‘n to 

long considered so essential, which yet were so see tliat the clothing is not too tight under the 

\mhealthy and inconvenient, have well-nigh di.s- armpits, across the chest, or on the arms, 

appearefl. Boots. As to boots, the modern French 

Since the hair of Avomcn is more plentiful than article is quite on a j)ar with the Chinese 

that of men, the need for licad covering is loss : l>oet. 1’hc only article worth calling a hoof, 

hence, as a rule, f heir bonnets and hats arc light, atul pivlonding to be a rational (‘ovoring for 

and less protective. the foot, is one in which the instej) or tread 

With regard to the neck, a serious and common is a.s hroad as th(‘ tread of the foot, and where 

fault is to wear the collar of the dress far too tin* toe* follows to some extent the natural 

tight. iVnother great fault is the very ea])riei<)us outline. 4’he general fault about hoots is that 

way the neck is treated, at times tlhekly c(»vered th(‘v appc'ar to he made for the hand rather 

with fur boas and stoles, at others uncovered. than for t]u> foot, for the longest part is in tic* 

When it is habit ually left bare, the ne<*k soon middle. This is so with gloves and the hand, 

gets as hardy as the face. but in the cius(i of the hoot the longest ])a.rt is 

Over the under-garment should be worn a at the big toe, on the inner side, and only hoots 

w<;ll-titting, hut. not tight, flexible corset. The thus shaped are right. Most boots also ai’o lo«) 

corset, made of flexibhi material, is a useful small; yet it must be remembered that when the 

Hup{)ort to the yielding foiru of women, though \\(‘ight of the body is pressed on the foot as in 

an unmitigated evil to growing girls in hindering walking, it increases one-twelfth in length and 

the gro will of tlic muscK's of the back and one-eighth in bieadth. Some square-toed booN 

jnoducing w^eakness and curvature in that region. are, how<‘ver, even greater delusions in their wa\ 

i’o adults its great evil is not so much in its use than pointed toes, as the former may be vei v 
as in its abuse, (’orsets can be Avorn Avithout .stpiare at the end and yet too narrow liigher up. 
tight-laeing. iiie great point is to see that the boot is fus broafl 

The Abuse of Corsets. Let a ta])e as the foot at the tread. Tlu'* curve of the inner 

measure bo passed round tlie narroAvest part of side should be A’^ery slight, and the heel of the 

the corset, and then round the narrowest part hoot must he Ioav and hroad to give comfort in 

<4 the boily Avhen the corset has been remoA-ed. walking. Attention to these matters, and the 

If the latter measure exceeds the first, the wearing of woollen sto( kings, Avill preserve tia* 

jierson undoubt(‘dly laces tightly ; for, to say foot from chilblains, corns, and bunions. 4’he 

nothing of the thickness of the corset, Avhieh waist of the boot, and the soles, as has lieen 

should therefore im'asure quit(! an inch more saiil before, should be perfectly flexible, any 

instead of less than the AV’aist, some allowanec rigidity destroying the natural spring of the foot, 

should, strictly s]>eaking, he made for breathing. Dress and Good Taste. We urg<' 
Noav, Avhat arc the real evils of compressing our readers to (flioose their dress judiciously, 
these lowcu ribs hy corsets and thereby forming and to be assured that it is far lx4ter taste 
an artificially small Avaist ? In the first place, and far more important to study quality 
the })artieular pait of the body that has Im'cii than appearance. Let. tlie hat be plain and 

selected for squeezing doAvn to seventocm or S(*rvieeal)]e enough to stand a shoAvx^r. Let 

eighteen inelies is, unfoitunately, the most im- the dress be of good material and not too heavy 
portant in the body. If the staylace w^ound or weighted doAAn with useless flounces or trim- 

about (his jiart could be draAAii tight enough to raings. Let the underclothing especially be of 

pass through the body, it Avould pass clean aa^ooI, loose and Avaim. Let the boots be strong 

through the stomach, liATr, ami spleen ; it Avould and Avell shaped. Ix5t OAwything be good of 

divide the bases of both lungs, and just miss the its kind. It is a matter of regret that in this 

heart above jwid the kidneys Ix^low. It would country so few dress plainly and according to 

divide Mje main blood-vessels and nerves of the their occupations. 

Continued 
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follow a strict classilication, but consider them 
all as belonging to the great group of cutters. 
This will be more convenient, being more in 
harmony with the variations that occur in tools 
of the same name and with the results which 
they produce. 

Milling Cutters. The employment of 
single, narrow-edged tools of the chisel type, 
described in the preceding article, for operating 
on broad surfaces would appear rather ineoii- 
gruous even to an observer who knew nothing 
about workshop practice. And it has, in fact, 
always been consid(‘r(*d most unsatisfactory by 
engineers that a powei-ful machine often costing 
hundreds of pounds should be used to 0 ])erate 
on<‘ little tool taking off a slice, say J in. wide, 
^lany attempts have been made to remedy so 
anomalous a condition of things. Jhit- experience 
has proved that it is difficult to multiply single 
cutting tools on a machim* iink'.ss the work is 
of a veiy simple and repetitive character. Tfence, 
i]m)rov(*ui(‘nt has come in another way. Instead 
of attempting to multiply these tools, the clcvice 
is adopt(‘d of arranging a number of cutting 
(‘dges in a circular form, and of operating them 
in rotation. Instc'fid of taking off' a narrow- 
shaving of considerable d(‘pth, a broad but 
shallow cut is taken. These tools are termed 
nnlling 'bhe conditions of operation are 

tlilferent in the two systems, but tlu* tinal n'siilts 
are similar. 'I’he milling cutter is more eco- 
nomical, and is much better adapt<cl for some 
classes of work than single-(‘dged tools are. 

Th(‘ milling cuttiu's contain a large numlu*r 
of teeth arrangwl in circular form, each of which 
cuts in succession. The width may range from 
ith in. to ‘2-f in., or even more, so that surfaces 
of any reasonable breadth an* tinislu'd witho\it any 
movement or feed of the cutters ti\ansv(‘rsely. 
Jhit tlie teeth are not pr(^cis(‘ly like t]ios(‘ of 
common tools. The front or top faces are 
nearly, or quite, normal to tlu^ surface of the 
work, so that the action is less that of true cut- 
ting than that of scraping. But what, is lost in 
this way is more than gained by the multi pli- 
cation of cutting edges and liy the advantage 
of periods of rest intervening, due to each cut- 
ting edge revolving in air before taking a seeoml 
cut, whieli gives it time to cool off'. 

Value of Milling Cutters. The cutting 
edges may ho arranged round the perijffiery of 
a eirele (cr/(/c mills), or on the faee of a, 
disc dacf viills). They may occur in plain's, 
or in any proHh'S, more or loss irregular in 
contour. And one of the prineifial advantage's 
derived from these cutters is due to the fact 
that tlu'Y will produce irregular outlines, which 
cannot he nearly so well done hy single-edge'd 
tools. They are immensely superior in this 
respect to any single tools, hecauso the mill is 
made to the reverse form of the profile required, 
and thus finishes at once to sha])e. In form 
cutting also, outlines are produced which would 
be almost impossible of formation in any other 
machine. So immense is the devclopment'of mill- 
ing piactice that in many shops from per cent, 
to 50 per cent, of the work formerly done on 
recipiv. 'ating machines of the planer, shaper, 
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and slotter types is now executed by milling. 
Jn the cycle, sewing machine, and gun making in- 
dustries, in which regular forms arc so common, 
the.se cutters arc used more extensively than in 
general engineei'ing. The e.ssential principle is the 
substitution of a multitude of cutting edges 
for one only. As th<i miffing ciitti'r revolves 
each edge operates in succession on the work 
which is passed under or alongside of it, with 
the result that a larger (juantity is removed in a 
given time than uoiild lu' po.ssible with a singU'- 
edged tool, and gc'nerally the surface cut is 
much smoother. While, further, the width 
which can be covered by the edge of a single^ 
tejol is always narrow, that which can be covered 
by a mill is almost imlimiti'd. The only limit to 
width is the difficulty of the prc'ventioii of vibra- 
tion in the mandrel oi' arhor which carries the 
milling cutter or cutters. A milling cutt(*r can 
be driven twice* or tliiice as fast as a single cut- 
ting tool without gc'ttiug Jiot. 

The present growth of the milling euttt'rs 
would never have be('n achieved but for thc^ 
emery wheel. The C'arly eutters had theii- 
tc'mpc'r drawn as »)ften as the teeth \>eeame (hill 
or damagc'd, to permit of refiling, aftc'r which 
rehardening followed. This, witli its inevitable' 
concomitant of distortion, rendcaed accurate' 
lesults impossible. Aetiially, line finishing w^•^s 
not attempte'd witli the e'arly cutters; they 
were used as lougliing-out t(X)Is only or as 
preliminary to the siihseepK'iit corrections of the 
litter or machinist. Hut when the ('inery vvlu'cl 
and its machines reaiderc'd the exact grinding 
of hardened cuttei's practicable, then the victory 
of the cutter Ix'came' assured. 

Relieving. .\nother eve'nt- in the history 
of the eutte'i* which contributed greatly to its 
sueee.ss wa.s (he Ixtv king -off or rditving of tlu^ 
tei'th in such a way that the soetional form of 
the (et'th was not a.ltere'd by any number of 
regrindings. The baeke'd off' cutter lias a 
centre ecci'ntrie in relation to the cutter centre 
fremi which the* tooth curves is struck [24, .\], 
so that whatever shaja' the tooth may ])resent 
in profile is continued hack over the width of the 
(‘dge*. (binding, therefore', on the face, a, does 
not alter the form which will he milk'd, but ejnly 
thins the tooth, and renders it weaker. The 
ordinary cutter (24, H] has no ])erman('nt pro- 
file, but is ground on the e'dge, a. This may Ix^ 
done to a de'finite outline, hut is not nearly so 
simjile a matte'r as the sharpening of the backexl- 
off' mill. Another advantage of the latti'r is 
that the te'eth r.ro mueb stronger, and able to 
take^ heavier cuts. Mateiial help was afforded 
to the baerked-olY eutters by the invention of 
the relieving lathe', in which the tool slide of the 
re'st receive's a definite' leeiprocating motion for 
each tooth that is bre^ught round and presi'iiti'd 
to it. All tho teeth on a cutter arc thus backed 
off alike, and rapidly, and so the labour of filing 
the clearance by hand is saved. Filing, more- 
over, would be a most difficult method of pro- 
ducing the profile. 

Variations in Design. The milling 
cutter has also grown wuth the machine until 
it has become a protean tool. It is made veiy 



WOOD AND METAL WORKINtJ TOOLS 

16 . Action of chisel 17 . A<‘tion of s<'ra]»e 18 . Action of turner's scrape 19 . Action of inetal-workci^ 20 . 
for wood 21 . Ecrapos for metal 22 . S<TaiiinK tools for turning wood, ivory, hone, et<'. 23 . Scni'ini: tools for 
metal 24 . Hacked-off and ordinary milling cutters* 25 . Straight and spiral-toothed mills 26 . Sh u- lit and spiral 
end mlHs 27 . Staggered mill 28 ' Inserted-looth mills 29 . Inserted -tooth fane mill 30 . Form milK 31 . Ihnlt 

for dreuUir milling 


S(rrape<» 
luritiiig 
1 -toothed 
■up mills 
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Htiiall and very largo, with solid and with in- 
sertod toot!), siiitablo. for iinishing or for slogging. 
The staggered and the insert od teeth both have 
this end in viinv. On the other hand, the spiral 
arrangement of the tooth of mills has been 
a groat faotor in prodnoing smoothness of out- 
ting. Tliore is no rule for this praotioo, which 
goes over a wide range, from a moderate twist 
to a very great amount, especially in .some 
of the Frenoii mills. The shearing out produotsl 
U*ssens ohattcr, and ohattor has always boon an 
evil to w’hioh milling onttors are peonliarly 
liable. Fig. 25 illustrates the diiTon‘noo hot w een 
straight and spiral tooth, the ()n(‘, a narrow' 
outtor, being straight faced ; the other, a w'ide 
one, having the tooth slanting. End mills 
[26] iiro also made straight and spiral. The 
staggonnl mills [271 used chiefly for heavy 
roughing, the teeth being divid(‘d up into short 
sections by a spiral groove running around so that 
the chips break up into shoi t pieces and so do not 
clog the action like long, stiff cuttings. 

Inserted Teeth. Tht^ insertt‘d - tooth 
e\ittors are made with the object of saving 
tool steel, and of giving facility for manufacture. 
One good method of fitting is that in 28 A, 
where the fhit cutters are held in the cast iron 
body by tap(‘r pins, whU h ar<‘ driven in the sawn 
slots to oj)en th('se out and jam the cutters on 
each si<le firmly. The emteis may he set 
straight faced, as shown at or on an angle, 
as at B, to give a shearing out. Another d(‘viee, 
also depending on Avedge action, is tha,t in 28 B. 
Here each j^air of tooth is lu^ld by a strip wedge, 
jammed in Avith three or more sfd-serews. So 
long a.s the screws are tighteiK'd iij), the cutters 
cannot move, 'they an* fre<mently made with 
notches, so that a staggered effect is produced 
similarly to 27, the notches in one cutter eomiiig 
alternately to those in the next cutter, 

A simpler method is folloAVod in the large 
face nr ending mills, whi<'h an^ made u]) to 
sev'cral feet in diameter, set-serews, one or more 
to ea(!h tooth, being list'd for fastening, ;is in 
29. Several dozen tool jioints may he held thus 
in a large disc. 

Form Mills. Form mills occur in in- 
numerable .shapes, including straight and eur\'ed 
portions, or in the latter alone. 'rh(‘y are ?nade 
in A^ery intricate outlines, hut as haeking-off 
is done, tlu' strengtli of t(‘eth is amjAle, aiul the 
cutter remains in use for a Nmg pt'riod. It is 
usually more con\’eni«*nt to build uj) difficult 
shapes from several separate cutlers, stringing 
them together uj)ou an n,rl>or. A few examph'S 
of form mills art; given in 30. 

Bullt«up Mills. in 31, exam])les of hiiilt- 
np mills for eireidar milling }i.re shoAMi, the Avork 
revohdng against the rotating cutter, which tools 
the edges and faces simuitaneonsly in less time 
than they eouUl he turni'd. .\ employs three 
cutters for milling a gear-Avhoel blank on the 
rim ; B mills a rope-])ulley with tAVO grooves ; 
AA'hile 0 shoAVS tAvo cullers tooling a hevel-wheel 
blank. 'J'here is hardly any limit to the profiles 
Avhich oan bo thus tivatcd, the number of cutters 
being increased if necessary. Tlie Avear of tlio 
side-cL tors may be eonii^Kmsateil for in A and B 
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by ])laeing Avasliers hetAvecn the threi' cutters 
and inserting fri*sh thinner ones when regrinding 
has reduced the height of teeth of the outer 
e utters. 

A profile cutter of a different style is that 
shoAvu in 32, a worm hob on the Reineek(*r 
system. It is turmal u]) to the form of a triple 
threaded woi in. groovt'd and hacked off. The 
tapcied form is pruflueed in order to liob the 
wlieel in suecessiA^e stages to the full depth. 

Drills and Allied Tools. In drills avc 
sec that precisely the se-nie prinei})les hold good 
among tliest' as Minong other tools, and that, 
they affoT'd examples of tools some of which act 
l»y sera})ing only, others by true cutting. Tin? 
best form of drill Is the twist ty^x^ [33, Aj. 
.\lthough a twist is im|)art(‘d to the body of the 
drill in ordt'r to allow f)f the free passage of the 
chips upwards Avithout choking, yet it also 
fulfils the A’cry imjiortant function of imparting 
front rak<‘ to the ( utting edge, an advauta-gt' 
Avhi(‘h is absent from the common flat typt' j 33, B]. 
Since the cutting (‘dg(‘ is ground transversely to 
the face of the twist, the angle Avhiirh the twist 
makes with the vertical e()iuils the amount of 
fi'ont rake, and is ecnistant. Also the 1 ottom 
of the cfrill is ground slightly haekwai’d, and this 
gives the angU' of relii'f, or eli'arance. 'I hus, tlu' 
exa.(‘t conditions of a true cutting tool are 
fulfilled here. Tn thi‘ Hat drills. hoAvever, there 
can not only la* no front rake, hut the reverse 
very often, rake being lU'gative, the cutting face 
actually leaning over from tin* jx'rpendieular |Bj, 
which leaning over is ma I'ssary in ord(*r to keep 
the point or api'.x the cutting edges as thin as 
])ossihle. But the angle of relief is present, 
i)eing ini])arted by the grinding haekwariLs of the 
edges. In the lip drills, front lop rake is 
imparted sonictinu's by turning up the lips, or 
hy filling groove's in front of the cutting edges. 
'I’hese, hoAvever, have* the disadA^ant age of not 
maintaining their lalge's so long as the Hat drills ; 
the groove's soon disappear hy sharpe'iiing. 

Efficiency of Drills. Badly formed 
though the flat drill is theoretically, y<‘t as a 
drilling instrunu'nt it is very effieiont. For it 
is a ease* of two e'qual and opposite forces — that 
is, of course, supposing that the drill is ground 
symme‘tri<‘a.lly-— Avhieh balance* each either, and 
maintain the* te»ol in erjuilihrium. MoreoAX'r, the 
downward piessure of the* tool in a conical- 
end(‘d hole tends to preserve its eoiieentrieity, 
alloAvs any force* to he im])r(‘ssed upon it Avithiii 
the limits of the strength of the drill, and 
nulliiit's the very had shape of the drill-point, 
which, pa.ssing straight across from face to face, 
can never actually cut, hut only scrape and 
crush the metal. The slight amount of parallelism 
of the shank above the cutting edge also helps 
mat(*rially in the* true guidance of the drill. But 
in the twist-drill aao have almost absolute per- 
fection — parallelism, Iront and hack rake, and 
a clear passage for the ehijis, so tViat these drills 
must eventually drive all others out of the shops 
for general Avork. The outputs of tAvist-drills art* 
greatly ihercasexi by an abundant supply of 
lubricant, Avhieh is conveyed to the point either 
through holes in the body of the drill, or through 
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tubes lying in grooves along the body. A iMinij) 
must be used to give sufficient pressure to force 
the lubricant in and wash out the chips. 

The straight-fluted drill [33, C] does not 
possess top rake, and is therefore of more vahu* 
f(jf brass than for the fibrous metals. Tt has the 
advantage that on breaking through the metal 
at the end of the hole it does not tend to iw ist 
and run tlu’ough, as twist-drills do. Two 
modifications of the flat drill iirv shown at 1) 
and E, used chiefly for brass work, and gi'iierally 
in turret lathes. D drills a hole of two diameters, 
with a shoulder, being followed by a reamer when 
neccissary, and E produces two diameters, the body 
being serrated to break up the chips. F is a 
slot drill, used for producing longitudinal slots, 
such as cottar Mays and key Mays, either the 
work or the tool travelling. 

Counterbores. (.'Ounter bores resembk^ 
drills in their action, but are used for enlarging 
the end of a hole already drilled, to receive iht* 
head of a pin or ho\t or screw. A plain forgi'd 
form [34,A] has lips projecting from the shank, 
so that they cut an annulus of metal, the pin 
below keeping the tool central. The style at 
permits of readily changing cutters and guides. 
The cutter is held by the central set-screw pressing 
with its point, while the guide beloM^ the cutter 
takes the form of a bush held on by the nut and 


uasher. Dilferent .sized bushes may Im^ sub- 
stituted to suit the drilled holi‘S to eounter- 
bored. A simple type for larg(‘ hoU's is that at (\ 
the cutter lH*ing held in its bar by a M'edge, so 
that it is readily removable. 

Boring Tools, I’liere is also a large group 
of tools ased in boring. First, tlien^ is the l)-bit. 
or half-round bit |35, A], which is ca,pable of Ikw- 
ing lM)les many feet deep, providc^d eilicienl 
lubrication be provided. It is used in Ibo latlu» 
and fed into its work by tlio loose poppet, or 
by the slide rest. It is a cutting tool, having 
slight top rake provided by tin* upstanding 
corner li]). Flat i>it.s form a goodly prof)ortiou 
of the boring tools usc'd in the lathe for the holes 
in pulleys, M’hcf^ls, bearings, etc. No to]) rake is, 
of course, pre.-ent. Fig. 35, 11, is a style cutting 
on the front and along the eclges ; it is fed up 
by the poppet, and steadied close to the Mork 
by a rest having a flat slot in it. \ device often 
adopted is to sercM' blocks of bard wood to each 
side of the hit as at C, M'ith tlm ohject of steady- 
ing it in the hole and preventing chat tel*. "I’his is 
the chief trouble with these flat hit.s, vant of 
guidance, so that unless care b(‘ taken they will 
follow the run of the cored ln>lc, and result in 
untrue holes. In order to ^^ave tool steel, bits 
are frequently pinelied in ilie end of a bar [35, D] 
with a set sereM\ 
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Boring Bars and Heads. Boring bars, 
whioh art> revolved between the eentrcR of a 
latbc, or in the boring machine, carry cither a 
.single cutter or a ring of cutters. For small 
holes the single cutter is very suitable ; in fact, 
there is often no room to get more than one 
(uitter to work. Fig. 36, A, is a square cutter 
held in the bar with a wedge. Tlu* cutter has no 
front rake ; B is a double-ended cutter fastened 
with a set screw ; 0 shows a double-ended flat 
cutter wedged in ; it cuts on front edges, and 
along the sides also ; D is a cutter seeured 
centrally by cutting out a notch in the front, so 
that, the two shoulders lit over the mouth of 
the slot in the har, and prevent risk of lateral 
movement. 

The boring head with cutters, us(‘d under so 
many inodili(;ati(>iis, consists usually of an as- 
s(‘.mblagc of scraping tools, notwithstanding that 
true cutting t(M)ls arci often employed in the 
same head. IMie advantage of the arrangenuail 
consists in this, that lh(‘ cutting forces ai«^ 
balanced all around tJic bar, and the latter is 
th(T(‘fo]‘c less liabl(‘ to spring and is better abh* 
to bore a true hole ; alse>, that in dirtn l pro- 
portion to th(‘ number of cutters employed <'an 
th(' traverse feetl be imaeased, because' tlu' fluty 
is elivide'el be'twce'ii all the (.utters. Thus, a block 
with six (‘Utters can be fed at six time's the' spi'e'd 
t)f a single* tool. Fig. 36, K, .shows a block with 
thre'c cutters lu'ld in with we'dge's. 'riuTc ave^ 
also three hardwood strips driveti into grooves 
alternating with the cutters, the obje'ct being to 
ste'ady the head in the bore. Another style of 
lu'ad, shown at F, has six sciuaro cutters, e'aeh 
gripped with a eou[)lc of set screws. A good 
many lieads of this style are built, with an in- 
ere'ased iiumbea' of cutters in the larger sizes. 

Reamers. These are generally sera.ping 
tools, but sotno have a slight amount <.)f fre^nt 
rake. A rose reamer (or broach) is se'e'U in 
37, A, and examples of fluted reamers at B, (’, 
I), and K. The\s<' arc of dilTorcnt design, but not 
dilTcre^nt in their functions. They are' used for 
enlarging hole's to a flriishcd dimension ve*ry 
slightly in exce'ss of that le'ft by a drill, and with 
a. de'gree of accuracy usually unattainable with a 
drill. Also, eveui supposing the^ drill tes be in 
good condition and the holes true individually, 
yet w’hem two or more such holes have^ to eeuue* 
in juxtaf)osition to each otliew to take* a single 
bolt or pin, tli(*?e is often a want of strict align- 
mt'nl. Thcfi the holes, being all reameie'd ejut at 
one operation, are treie. 

Fluted Reamers. 'Fhe flute'd re'aniers 
a.r(' eilhf'r straight or vSpirally flutexi, the two 
forms being shown at and C. The latter 
has a smootlu'r action. A device used in some* 
cfhucB is to form a tine thread for a short 
distanec on the* end of a reamer, so that- it 
is drawn into the^ hole witlioiit exee'ssive push- 
ing effort on the part of the operator. The 
form of serrations usually made in reamers is 
shown in section at 1), the front of the tooth 
pointin<j: ra lially to the centre, while the back is 


eleare'fl off in a slight curve. Alternatively a flat 
elearanee may he formexl. The exlges of the 
teelli arc either bae'kcd off with a flat, or with a 
curve, like re*lieved milling cutters, the lat tri- 
form being rather stronger. 

Shell Reamers. The hollow or .--lu'll 
reamers are made to fit on an arbor, a slot at 
the^ back of the reamer being* driven by a cottar 
in the arbor. The flutes are either straight, ii'i 
at K, oi* spiral. These shell reamers are of 
larger size than the solid types; by mounting 
one* or more on a l(3ng arbor, holes in lire' 
may he reamere'd out in alignment. A device 
which is fe)Ilow'eel by some makers is to make* 
an odd nuinhen* of flutes, and sometinu's to 
space them uneepially, so that the teeth an* le^^ 
like'lv to follow’ the course of an inygular hot-. 
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The disa,e I vantage of the solid re'arners is that. 
the*y soon lose their original diameter by sluu pe'u- 
ing, and therefore cut under size. There are a large* 
numhe'i* of adjustable types eoustructe'd to iu- 
ere'ase the* diameter from time to time. Jn 37, F, 
>ix blades of hevelle'd section are lilted into 
eorre'sponding grooves in the body, these groov» < 
tapeiiug upwards towards the shank. As tlu- 
diaine'ter of the circle of blades bee'omes reduee'd. 
tlie'y are* hainmere'd farther into the grooves, 
thus increasing the diameter. When the limit 
of driving up is reached, a new set of blade's is 
provide'd. Another method of fitting, shown in 
37, {}. involve's llie use of a central tape'red plug, 
w hich. wlu'U se rew e'd inwards, force's the hlade'.s 
out, the lock nut at the end being first slacke'Ut'd 
to permit of the adju.strnent being made. This 
principle' of using a taper to expand the blades 
is followed in several otbr*!’ designs of aeljustable 
reamcis. 
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its glorious traditions arid th(‘ opportiinilios 
it otters for seeing the world, the Royal Navy 
appeals alike to the patriotic and the adventurous 
iiist ine ts of a boy. TJie modern ttuideney towards 
comfort has sliorn the Service of its hardslii]r, 
and llio opportunities for advancement make, an 
appeal to a lad who loves the sea and is willing 
to work hard at an interesting earecu* for a 
lix ing wage and a comfortable ]iension. As the 
sci(‘nee of war advances so does the standard 
of intelligence, and to-day it is necessary for a 
Xavy man not only to be strong, but also to 
liave brains to direct his energy aright. For tlu^ 
past 51) years the class of sailcn* has been im- 
])roving, till to-day he ranks high among the 
skilled workers. 

8o high is tlie stajidard of etliciem^y recpiired 
of judty ofTiccTs that the barrier ludwcnui the* 
oth(?er and man is no longer insurmountable, Jind 
to-day a youth w’ho enters the Navy at the age* 
of lb may well hope to reach a. commission before* 
he retires from thcjService. Rven should tliehopc* 
fail to materialise, his training has been such 
that there is an excellent ])rospect of obtaining 
civil employment ashore. 

How to Join the Navy. Application 
may be made to the station offieer of any coast- 
guard station ; to the Royal Marino Recruiting 
staff officer at Belfast, Birmingbain, Bristol, 
Fxeter, Glasgow, Liver]K)ol, London, .Vraneiiesfer, 
Xottingbam, Southamnton, or \Vjrk ; to the 
1 'omniodore of the Royal Naval Barracks at Forts- 
mouth, Dovonport, Cliathain, and Sheerncss, and 
tluj Naval Recruiting officers attached to those 
ports ; or at one of tlie outlying stations whieli 
are seattered through the large towns of the 
British Isles. 

'I’he standards vary from time to time, but 
it may gcnc'rally be. und(*rstoud that a youtli 
nr man who posscsse.s the qualifications set forth 
in tlie table may ex]wt to be admitted jvs far as 
his physical requirements go. It should be ob- 
served with regard to chest measun'nu'ut tbat 
ihe c*xamining officen* notes particularly the 
ditlerence between the size of the expanded aiul 
<ontraeted chest. This ditT(*renee should imt 
he less than tw'o indies. 

In reply to an a]>])lieation, a form is supplied 
to the candidate which lie is required to fill up, 
and if his replies he satisfactory, he is provision- 
ally examined. He is then sent to one of the 
depots for a final medical examination, tlie trade 
test (if the candidate desire to enter oik* of 
thi; trade openings), and a simple educ.ational 
examination. If he fails to pass, his fare is paid 
home. 

The physical standards required of candidates 
for the Royal Navy arc as in the following table : 
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Special Service. Tlu‘re arc two varieties 
of service — continuous and special. A Special 
St‘rviee man (‘liters b(*t wccii the ages of IS and 
2.'), agivcing to si*rve for the first five years witli 
tlu^ Fleet, and for tlic r(*maining s(‘V(‘n y(‘ars in 
the Ri*.scrvc. Frovidiiig he readies the rating of 
abl(? seaman, he may (‘arn one good eoiidiiet 
badge at tin; (‘iid of his iirst thrc(‘ years’ .service. 
'Phis bears 7d. a w'(‘(‘k extra ])ay. If the nuin 
enters tin* Navy from the Mercantile .Marine, lu^ 
may even earn tliis badge; at tlie end of twelve 
moiitlis. An additional 7d. a w'cek may bo 
earned by those; who qualify as framed men. On 
transfer to the; Re*s(;rve, with a retaine*!* of (Id. 
a day, the man is liable* to one week’s training 
‘‘Very year, or a fortnight eve*ry other y<'ar. 
In ease of national emergeimy lu; is, of eoiirse*, 
obliged to join the Fle*et.. If, after his 12 years’ 
K(*rvie*e is e*emi])le*te, the rese'vvist e'leets to eoiit iuiu; 
to rc-enrol for su(;(;t*ssive periods of five* years, be 
Avill receive a gratuity of £50 w1h*u discharged 
on completing 20 years’ combined service in 
Fleet and Reserve; but no man will r(;eH‘ivc the 
gratuity or be released from liability for active 
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Korvico until he reache» the age of *40 years. 
A HX)ecial Service man has, bo it observed, no 
chance of rising to warrant oflioer rank. 

Stokers may enter the Navy in the Special 
Service class in much the same fashion as seamen. 
They must complete five ye.nrs in active service 
and seven in the Reserve. Cood conduct badges 
can be wtm in the same way as we have outlined 
above, and the gratuity on completing 20 years’ 
combined service is the same. Special Service 
stokijrs do not, as a rule, rise above the rank of 
leading stoker, and it. is hardly possible to rise 
even so far in the live years. 

Generally, therefore, it may l>e said that in the 
Special SeVviee there is no great prospect of 
a career. Tt is, hou’e\ er, an avenue for the men 
of the Mercantile JMarine. TJiey have live years’ 
training, which is most valuahk* on returning to 
their civil occupation, and it secures them a 
retaining fee to add to their wages. 

Continuous Service. Men of all ratings 
sign on for 12 years, at the end of which time 
they may re-engage for another 10 years to 
complete their service for a jiension. At the end 
of 22 years’ service they may retire with a 
pemsion, or they may be allowed in special eases, 
if their conduct has heen all that could be desired, 
and if they have progmssed satisfactorily, to 
serve until the age of witli an incrciise to 
their p(msion for every year's further service as 
petty officer. It is a condition with men and 
boys of the seaman or stoker class enlisted after 
March, 1001, that to qualify for the long-service 
pc'nsion they must belong to the Royal Fleet 
Reserve u]) to the age of f)!). 

Men disabled or invalided out of the Service 
are dealt with fairly generously on a sliding .scale 
by pension or gratuity, a(*<‘(*rding to the nature 
of their disabletnent and the circumstaiiees in 
which they arc phu ed. Men disabled in the exe- 
cution of Uieir duty are awarded life jieiisioiis, 
irrespective of the l<*ngth of their services. 
Furthermore, a grant of £22.tK)0 a year is made 
by Greenwich Hospital for the assistance of 
seamen or Marines who have no naval ptuision or 
whose pension is small. Pi'iisiens to widows, etc., 
are another featun* of the lumevolent side of 
the Service. Another most excellent institution 
is the Greenwich Hospital School, where 1,000 
sons of seamcni and Marines are educated and 
maintained free of cost. In addition, 100 boys 
and 150 girls are maintained at various liomcs. 

All nu'u, whether for continuous or special 
service, receive a grant towards the cost of their 
outfit and bedding. Jn addition to their pay they 
receive free rations on a scale greatly im])roved 
in recent years. Out of this, by careful manage- 
ment., it is possible to etYoct “savings,” which arc 
credited to tlu' man, and go to buy luxuries. 

Boys. A boy must be of good ebaracter, 
must produce a birth eertifieate, or a declaration 
made by his parents before a magistrate that lie 
is of the proper age, anti the Anitten consent of 
parent or guardian to his entering tlic Navy and 
to his agr«:»eing to serve until he has completed 12 
years continuous service from the age of 18. 
Ike must be able to read and write a passage 
from Standard IV'. reading-lx)olv, to \iTitc a 
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PAY OF WARRANT OFFIC5EHS, PETTY 
OFFICERS, AND ME.N. 
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similar passage from dictation, and to have 
a fair knowledge of the lirst four rules of 
arithmetic. 

On aeeeptance, the boy in sent to a harbour 
training ship, and is credited with £10, w'ith 
which ho must purchase tJic kit laid down in the 
regulations, the sum remaining over being placed 
to liis credit for future ex|xmscs, for he will in 
future have to depend almost entirely on himself 
for new’ clothes. 

After six or twelve months’ training on board 
tlu‘ harbour .ship the boy i.s drafted to a sea- 
going training ship to gain a Imowledge of sea- 
mari-ship and gunnery. 

Youths. Youths entering between ItJ and 17 
years of age must liavc the consent of parent or 
guardian and join the training ship direct, Avith- 
out harbour service. They are rated as second- 
class boys for the first three months. Later, 
boys and youths arc rated as first-class boys 
until they arc 18 years of age. Before attaining 
this rating, lje it observed, they must learn to 
SAvim. 

The cruise ended, and the boys having reached 
the age of 18, they are sent to take their place in 
the ranks of the Navy as ordinary seamen. No 
examination is required for this rating, and it is 
only now that the ambitious young man has a 




ARMY AND NAVY 


chance of showing what he is wortli. ITe goes to 
sea in oik*, of liis ilajesty’s warships, and lie liiis 
tlie opportunity of learning from his ofUei^rs a.nd 
llio instructors something practical of guniierv, 
s(ramanship, and suftieieiit engineering praetiee 
to pass his examination for able seaman. 

Examination for Able Seaman. This 
examination is of the most practical nature 
imaginable, and consists of the following tests. 

A fair knowk*dge of stciTing a shi]>, hea\ ing 
the lead, rowing, knotting ami splicing (lu*inp 
and wire ropi*), and general duties of s<‘ainanship; 
gunnery, torpedo, and lii'ld training. Avhich he 
has learnt during his novitiate. He must be 
able to use simph* enginei'is’ tools and do ordin- 
ary stokehold work, such as sweeping tubes, 
cleaning boilers, etc. He must also ha.V(* a 
knowledgt* of l)unk(*r work, tiring, iind w;i.tch 
k(H*ping, all of which he will have leaiiit dui iiig 
his 30 days’ course on board shij), during whicli 
time 1 k^ is attached to the engine-room stalf and 
is under thi* orders of the engine**!*. Further- 
more, he must be able to make and rea<l slowly 
a signal in semaphore, and understand the us** 
of the hags used in Hag signalling. 

As able seaman he will turn liis mind 
gunnery, and will receive instriietion in gun- 
laying, siglit-s(‘tting, ete., from the gnnneiy 
lieutenant and the gunner, and in torjiedo work, 
so as to gain the badges of si'arnan gun-lav(‘r, 
or seaman torpedo man, or turri't gim-lu.y<M*, <*t(*., 
each distinction earning him a hadg**, and *‘a<li 
badge carrying w'itli it increase of pay, varying 
aceortling to tht^ qualilicaticm. 

Ho will hear in mind also the good (‘ondm t 
badge which he. will be permitted to wear after 
three years’ .service as seaman, with a “ very 
good ” character from his captain. ’Phes*' 
badges, award<j*d at the end of 3, 8, ami 13 years’ 
service, carry with them extra pay at the rate 
of Itl. per day each. 

Leading Seaman. Leading seaman is 
the next step in the sailor’s career, which nic.-ms 
that he is a good iK'lmsmau and leadsman, ahh* 
to assist ill sailmakiiig and repairing ; a practical 
rigger. He must have a thorough know leilge of 
tkc practical side of gunnery ; he imist lx* able 
to make ami leard semaphore signals, and he 
must know tlu^ use and colours of such Hags and 
pennants as Avill enable him to look out a signal 
in the boat’s signal hook. His examination is 
cai ric'd out iii a sea-g<iing ship, and (lualifies him 
for promotion to .second-ela.ss petty oHi< er. 

Petty Officer. As petty oHicer tlie man 
nnist, to a certain (‘xlent, remodel his existence. 
He is now in authority ; he is directly responsible 
to his superiors that disei])lino is maintained, 
and that the men under his c*harge do tlieir <luty 
efficiently. J?y this time he will have made up 
his mind wLetluM* ho prefers the duties of men; 
seamanship and the working of a ship, or whether 
the guns attract him more. In tJie first ea^e 
his goal will be that of boatswain, and in the 
latter he will aspire to the position of gunner. 

It is of the liighest importance- mnva* lays that 
men should take the earliest opportunity t)f 
qualifying in gunnery and torpedo work, for 
more and more attention is being paid to these 


branches ol .a st'aman's (‘ducat ion. and it may 
quite (‘a^ily ha])])en that his promotion will be 
very seriously r<‘tar(led by the lack of a 
e<*rtilieate. 

From ‘2nd ela'^s }M*tty oHicaw the man is 
prtmioted to 1st class petty oHicaa*, and lastly 
h(‘ r4*aehes tlie rating of chief petty otVicer or 
warrant rank (gunner or boatswain), when ht* 
tlrops the bluejacket ‘s cliaract eristic garb foj- the 
blue cloth coat and peak(‘d cap. 

Chief Petty Officer. Candidates for chief 
petty oHici'r are not put on the roster until they 
lia.vc live ycais' sca vic.*, with a very good char- 
acter. 'Phen t]K‘ir names arc put dow'U for pro- 
motion. and in due course llu'y ar<^ s('lect(*d by 
seniority, tcmpcr(‘d by selection, on the r«‘]»orts 
of .''Civicc and attainments. Since* a warjaiit 
cHicer Ol* a. chief ]a*tty officer comes into (*lo.s(‘ 
contact with the oHicers of tin* ship, it is most 
d<*-ii*ahlc that lu* should have taken (‘very 
possibh* stc]) to improvj^ his education and liis 
manners in the* time of waiting hy the assistance 
• »f the instructor and by private* study. 

(’hief petty oHice*!* is tlm highe‘st. position 
re‘ache‘el by the majority of scarne*!!. The man 
for whom this article is writte'n, how^e^veT, will 
jispire* to climb yet one step higlier to the com- 
missioned nink of lieutenant. Por this rank it 
is (‘ssential that his e*ducat ion should he exrelle*nt , 
for lie* nuiy luive to live in the ww’d-room with 
eol]e‘g(‘-train(‘d oHicers, and tliis point is tcke‘u 
into consideration in seh‘cting men for commis- 
sions. It should he noted that eoinmissioiis iivr 
give n only to chief petty officers under 44 years 
of age*, and that warrant oHicci*s must, roacli that 
rank he‘foi*e they aie 35. 

Promotion in the Navy. To give .Munc 
idr‘a of the rale of promotion in tlu^ Niivy, it 
may he said that a smart young man wuth Ji fair 
education might luqx*, witli luck and dilig<*ne*c, 
ti) re‘a.ch tlie* rank of seu-ond or lirst-class petty 
oHiccr by the* tinier lie is 24, and to become chie‘f 
petty oHice'i* jit 28 or 31 > ye*ars of age. Warrant 
rank weaild come in about the* same* lime. 

ft shoulel not he forgotten that for chief petty 
oHic(‘rs a,nd waiTant ofHce‘rs there are^ many good 
shore billets in the* .sha.pe* e)f instructe)rships m. 1 
the* e’e)lle*ge*s, at toi*pe‘de) and giimiciy sehoe)ls, 
wliich ne)t only carry with them a hanelsonn* 
increase of pay, hut provide a most comfortable 
home feu* a man whei has, perhaps, tireel of the* 
pe*rpe*tnal change e>f (juart(*rs which flu^ cxige‘Ue*ie*s 
ed naval scrvie*e inveHve. The*.se* go, of e*our.sc, 
te» ine*n wlie) are* faveeiirahly rcpe>rtcd (o he*ad- 
ejnarte*rs as he‘ing e‘ii<*rge*tie*, trustw()rth\% and 
whe>, hy the‘it* application to the> theewet ical side^ 
of their work, have fitted the'.rnselvcs for Ihe^ 
posts. 

Engine>room Staff. Beiys may he cn- 

te‘re*d as hoy artirK*ers betweem the ages of 15 
and lOaftei* passing the usual medical exMinina- 
tiem and an edncatiemal te'st of ability tn rca.d 
and wi'ite*. 'rh<*y agi*e*e to serve for 12 ^vais' 
cemtinueiu.s .se*rvie‘e from the age of is. 

On entiy the boy artificer is j)lae‘ed on the* 
ship's books for t raining at one* t he home ports, 
and for the* first four years is learning his trade* 
as a workman under an insti iictor ; is instructed 
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in steam and in general engineering subjects 
by an engineei* instructor, and in general 
knowledge by a schoolmaster. His duty in life 
will be tlie care and repair of engines as com- 
pared with tJie stoker class, whose business is 
to drive them. After the four years’ eourse, 
and a final examination in the subjects studied, 
he is classed as engine-room artificer 5th rate, 
ill' goes to sea for a year, and if he can pass 
the examination outlined below he is rated 
as acting engine-room artificer 4th eJfiss. Tt is 
possible for a practical engineer between 21 and 
2S years of age to enter direct if ho is able 
to pass t he examination, v hich is as follows : 

• A knowledge of the first four rules of arithmetic ; 
ability to read and write w’ell enougli to record 
the wn)rking of engines and boilers ; a general 
acquaintance with tlie names, uses of parts td 
marine engines ; alnlity to nui engines and to 
etfect the ordinary repairs of an engine-room 
Candidates who liold a Board of Trade engineer's 
certificate, 1st or 2nd class, are excused this 
examination. Aft it one year's service as acting 
engine-room artificer 4th class, the. man, on 
obtaining a cert ideate from the captain that li(‘ 
is capable of taking charge of a watch in the 
stok(4iold, and that he is an efficient workman 
w'orthy of confirmation in his rank, beconu's a 
4th class artificer. 

After thr('(' years’ servic(‘ above* tlie rank of 
f^th class artificer, he passes to ‘Ird (dass artificer ; 
in anotlior seven years fo 2nd class artificer, and, 
if he engage.s for anoth<‘r 10 years, to engine- 
room artifice*!’ 1st class. Above this lieis ediief 
engine-room artilieer 2nd class, for wliich lie 
must pass an examination in arithmetic up to 
vulgar and decimal fractions, and show his 
prac*tical knowledge* by being able, for example, 
to estimate bunker caf)fu*ity or a cylinelrieal 
oil tank’s contents. His knowdedge of engineer- 
ing must be wide and practical, ife must know 
the best methods of prevention and cure of 
ordinary (*ngine and boiler room c-asualties ; 
must understand the management of boilers 
generally, and the running and use of valves ; 
have a good kiiou ledge of indicator diagrams 
and the calculation of liorse-power ; understand 
the adjustment of bearings and the fitting of 
bras.ses. 

Six years in this rating qualifies him for chief 
engine-room artificer 1st class. Chief engim*- 
room artificers of 20 years of age are eligible for 
advancement to warrant rank on passing the 
examination for artificer engineer and receive 
a gratuity of £25. d’hese, again, may pass to 
eliief artificer engineers, from whom, by selection, 
are chosen a few’ engineer lieutenants. 

Stokers. The men wlio tend tlie boilers are 
in a far better jMisition to-day than llu'y w’er<i 
formerly. ‘‘ Once a stoker ahvays a stoker ” 
used to 1)0 the saying ; but now’, by good con- 
duct and willingness to work at the theoretical 
side of his trade, the stoker can rise to be chief 
petty officer, and (*ven attain warrant rank, 
tliougli few stokers expect the latter. An ablo- 
bodiea man of, good character and physical 
de^ elopment, without previous experience, may 
enter i ' 2nd class stoker. After a period of 

im 


instruction in liis duties and in rifle, pistol, and 
cutlass drill (for a stoker must know how to 
fight nowadays), lie is promoted to stoker on 
completing a year’s sorvieo. 

After four 3 'ears’ service comes a test examina- 
tion based on the Steam Manual ” (Articles 
351 ami 509). and that being satisfactorily passed, 
he becomes leading stoker, and is i-a.ted as a 2nd 
class petty officer. After serving in tliis capacity 
he is eligible for advancement to acting stoker 
petty oflieer. It will now’ lx* necessary for him 
t o work hard at his education if he w ishes to rise 
further, tie must attend a torpedo course to 
give him a know ledge of the engines and general 
working of these weajions, and after having 
sorvc*d ten years in stoker ratings he may be 
promoted to chief stoker, Avhieh lanks as chief 
petty officer. The examination is the same as 
for leading stok(‘r, but in addition he must have 
a general w’orking knowl(‘dge of the parts and 
iis(‘s of i*ngines and boilei’s. Provided they 
liave at least live yftars to seive. clii(‘f and 
leatling stok(‘rs who quality are eligible to 
1)0 rated as meehanieians, rising to w’arranl 
meehanieian and eliief warrsiiil ineehanieian 
when tbej' take (4iargt‘ of engim'S. 

Signalmen. Signal boys an^ si*lected from 
the smartest of the 2nd class })oys, or, if 
vacancies occur, from among tin* 1st class lx)ys. 
Occasionally tliey are enter(*d direct from 
( Jreeiiw'icli School. 1’hey are given an elemen- 
tary signal course* lasting some three months, 
ainl are taught the elements side by side with 
their iustriKtUoii in seamanship. The work 
re<[uir<‘s keen eyesight and a lively intelligence, 
for a signalman is one of the most responsibk* 
men in the ship. 

M’lie next stej), that to signalman, is reached 
when the boy is over 18. 'J’he aspirant- by that 
time must have gained a Avorking knowledge of 
day and night signals. For this and the liiglier 
ratings men are not obliged to (pialify in the sann* 
fashion as an .\.B.. but are ex('r(‘ised in gunnery 
and musketry. For the rating of »|iialiti(‘d 
signalman is necessary a good Avorking know- 
ledge of da,>, night, fog. gun, and sound signals 
as applied to fleets, sliips and boats, as is a 
jiroficiency in the usi* of the Morse code, seina- 
I)hore, and Hash signals. 

After a suliicierit experience a,s qualified 
signalman a man is advane(*d to leading signal- 
man, Avhen he must be able to undertake the 
duties of a signal petty oflicer, and must under- 
stand the regulations for prcA'cntion of collisions 
at sea. Fvery three years signalmen are obliged 
to go to one of the signal schools to requalify 
for theii' lati ng, so that they may not lag 
behind the times, (lood men Avith .sufficient 
experience are then promoted to second yeo- 
man of signals. Yeoman of signals and chief 
yeoman are the next steps in the signalman’s 
career, the appointments being made by seniority, 
tempered alwaj^s by selection of the best w'orkers 
aiifl the steadiest men. 

Naval Craftsmen. A few boys betAAcen 
14 and 16 years of age are eligible for service as 
boy shipwrights, and a fcAv boys betAA’cen the 
ages of 15 and 16 may be entered a.s boy 
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coopoi*8. They have to pass the Civil Scrviee 
examinat ion laid down for df)ekyard a])prontiees, 
and apee to servo for 1*2 years after the aj^pron- 
liceship, and are instnu-tod in tlie yard niitil 
the age of 18, when they go to s(‘a for training 
if they are found to be tU for tlie rating of 
eooper’s crew or cai’pentcr’s crew. 

Among the skilled tradesmen entc^n'd tor 
service ashore and afloat are the ('lectrieian, the 
carpenter, and tht^ Hlii])wright, tin* armonriT, 
])lacksmith, and the cooper. 

Young men of good character hetAveen the 
age.s of 18 and 28 wlio are suflicicntly good 
earpemters to do panelling, dov(‘tailing, and 
sash-making, may join with the prosp(‘cl of 
rising to leading car}A(*nter’s crew. 

Coopers Avho can ])ass a trade exaininat ion in 
m.aking a bucket, also armourers, ])lumbers, and 
cooks, with a knowledge of tlieir respect iv<^ 
trad(*s, can all join the Navy Avitli tlie prospect 
of rising to chief petty oflieia- in due eours<\ 

Electricians, 'hie electrician is another <»f 
the skilled tradesmen avIio are always welcoin(‘ 
in the Navy. He must be betAveen the ages of 21 
a, ml 28, and must havt^ had three years' practical 
exp<‘ri(‘nc(‘ jas fitter and tiirm*!’, Miai arc pref«‘rre<l 
Avlio have some kriOAA ledge of electricity or a\ ho 
hav(^ gained tlieir expeuienee^ in (fleet rical .sho])s. 
'rile candidate must pass an (*(lueationa.l 
(‘xamination equivakmt to school Stauda.rd VI., 
h(^ must know' arithincti('. u]) to Aulgar and 
decimal fractions, and b(^ good at dictation and 
reading. Tlic practical ]>art of the examination 
consists in rclining and n'adjusting metal h(‘ar- 
ings ; imflal turning and scrcAV cutting (Ui a 
lathe ; and repairs to (flectri<ail apparatus and 
instruments. 

.\s acting electrician, ho enters tlu* torjiedo 
school and gO('s tlirough a course of instrmflioii, 
at the expiration of which he lias to ]) 5 iss a further 
examination in repairing and tit ting ck'ctrie 
motors and all electrical instruments required 
in the Service. He must liaAc gainesl a, good 
knowledge of the construction and repair of 
Wfliitehead torpedoes, and he must understand 
the intricacies of electric ligliting and Avir<fl('ss 
t(fl(‘graj)hy. After hi.s. year’s probation as acting 
(flectrieian 4th class, he is adA^anced to flid class ; 
in another six years to 2nd class, and in a further 
tiv(^ years to 1st class electrician, provid«‘d ho 
has re-engaged to e(jm])l(4(‘ his lime for a pen- 
sion. The rating of chit'f elect rieian, 1st and 
2iid class, lies at the end of the stu’vici* after a 
thorough examination in every branch of tin' art. 

Sick-berth Staff. limited number of 
young men betw'een the ages of IS and 22 may 
join the Service as sick-hortli at t (aidants if th(‘v 
can produce evidence of A ery good character, and 
Inwe an element aiy (‘ducat ion. Select(‘d (?andi- 
(latcs are accepted on probation, and go through 
a course of training at Haslai* Hos])ital. Tiny 
rise from sick-berth attendant through the graxles 
of sick-berth stew'ard, to chi<‘f sick-berth .stcAvavd. 
Tliero arc a fcAV shore berths o}>en at Royal 
naval hospitals as AA'ard masters, but promotion 
is not rajiid, and unless the candidate has a spcnflal 
liking for the work, the position is rathcT frying. 


Xhe Royal Marines. The Royal Marinos 
are soldiers with sea training and sailors capable of 
military duly ; they are experts in artillery work, 
yet th(*y can pull a boat as aa'cII as any seaman. 
Katluu* more than half are scrA'ing in dctach- 
imuits in sea going ships, while the other half 
are at their A^arious depots inuh'rgoing courses of 
infantry and artillery training. 'Phe advantages 
of the Service are change of seem* and occiipat ion, 
gr«‘at(*r fre(‘(l(>m of action than is enjoyed by 
soldiers, a w ider field of training, and b(fl.U‘r pay. 
'Pluux^ are two braiuflies— tln^ Hoyal Marine Light 
Infantry (the Ri d Mariiu's), and llu* Hoyal Mariim 
Artillery (the Blue Marim^s). 

Entrance Conditions. (hoAving lads 
from 17 years of age and men from 20 to 2fl are 
(fligibltN providt'd they can pass the medical test 
and can read and write. On aeccjitanco, they 
.are foi Avarded to Kastney Barracks, Boi tsmouth, 
if for the Royal Marines Artilkuy, or the Ikqiot, 
Deal, if for the Royal ^lariiie Light infantry, 
'Ph(^ Marino is obliged .to I'ligago for 12 years. 
Fivt‘ kit and bedding an* issiu'd tn evei’y man. 

Th(‘ infantry recruit, aft('r compk'ting a eonrse 
of infantry drill, swimming, gymnastics, and 
mnskcflry. is drafted to om^ of the three great 
Stations — Chatham, Bortsmouth. or Blymoiith — 
AvJiicli be(‘om(^s his liome asliore, as is Eastney 
Barracks for the artilleryman. 

Work of the Royal Marine, (fln eom- 
pUflion of the above-meutiont‘d instruction, the 
re<‘niit und(*rgO(‘S a course of tick! training and 
Imavy gun drill, and in about lo months is 
(considered a (pialiti(‘d man. He is tlu'u aA'ail- 
a.bl(‘ lor sea service, and, as soon as the exigeneu'S 
of th(* S(‘rAfle(‘ alloAV, is draft (‘d to one of his 
Maj(‘sty's ships. If his ship be serving in 
hoiiK^ Avaters, this )X'ri()(l will Ix^ from oim to 
two years, but if abroad, it Avill be firobahly 
thr(‘(‘ ja'ars before he S(M‘s his ‘‘ liome ’ again, 
when h(‘ Avill tnU(* his l('aA'(‘ on full ]iay and come 
back to re(piaUfy in shore Avork. Promotion to th(^ 
su])(‘rior ranks is not so ra]>id as in Line r(‘gini(*nts 
of the .\rmy, 1ml he may ex])ect to be promoted 
to corporal Avithin tivo years, to serg(^ant in 10 
years, and to col()ur-serg(‘anl. in 10 y(ws. Tluu*e 
an* als(^ 20 Avarraiit, ollicers’ yiositions open by 
selection and seniority to sj'iiior iKAU-eommis- 
siomxi ofliec'rs and 17 eoininissioned posts as 
quartermasters. 'Plie educational standards 
i(‘(iuired of the various ranks are the same 
as thoM* of the .\rmy for an infantryman, 
promotion coming hy the ])assing of tlu^so 
(‘xaniinations and tlie sea service completed. 

Bandsmen. .Marine handsnum join the 
s(‘rviee l)(*tAve(‘n tlu^ ag(‘s of 15 and 2t\. They 
must b(' able to ix'ad and Avrit(s and have some 
musical know'h'dge. 'Plu'y are sent for training 
to th(^ Royal Naval Scliool of Music for in- 
struction, and at the age of 18, or avIh'U full}'^ 
train(*d, they become aA^ailablo for service on a 
batth'sbip or a cruiser. The pay ranges from 
4s. 8d. a vA’cek for boys to 3t^s. 0^1. for the 
highest ranks, Avitli an allowance of Is. 2d. per 
AV(‘C‘k for instviinumts, and good t ondiict pay up 
to 3s. Gd. p(U' week. 
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reclvoned that 35,000 seeds in an ounce will 
yield plants. It is usual to sow at least three 
times the amount of S(‘cds, so as to get a sufficient 
number of plants all of one size. 

The Seed Bed. The best site for a seed 
b(*d is one with southern exposure, south-east, 
south-west, and western being the next in order. 
The bed should be near water, because the tem- 
])erature is likely to be more uniform, and a siif- 
licicmcy of moist ur(‘ will h(‘ obtainable without 
artificial watering. In (*uba optai spaces in the 
woods are the favourite locations for the se<*<l 
beds, on account of the f)rotccti()n from winds 
afforded by the tn‘es. 

The most experienced tobacco growers burn 
the seed bed as a preliminary, the* objt'ct Ixung 
to destroy grass and weeds and grubs and in- 
s(‘cis that may be in tin* soil. Wood is s])rea<l 
on the soil in a thin layer and burned, move 
fuel being add(‘d from time to time, the burning 
being contimu'd long ('uougli to thoroughly 
St (‘am and bake the ground. 

When tile soil lias cooled, break it up with a 
hoe to the depth of two inch(\s, rake oil’ roots*, 
jind l(‘ave the sinfacc level, loose, and porous. 
It .should not be worked dee])ly. Having made 
the .soil line by n'peated working, ajiply tine 
pig or sheep manun', or some good fertilis(‘r, 
as the soil cannot be made loo rich, because the 

object of the scshI bed is to force the growth 

«ff' the plants. Tin* manure is well ch(jpped-in 
and rakc'd level again. 

After burning tiie scaal b(‘d and b(‘fore .sowing 
tlui se(.*d, (.'nclo.se the bed with a franu', 'Phis 
is made of 1 in. plank, S in. to 10 in. wid(', plaei'd 
on edge, and nailed at the eoriu'rs with diagonal 
strips of 1 in. by 3 in. jilank. If no planks be 
available pok'S may be us(‘(l. Tlu' bed is best 

not over 3 ft. wid(', so tJiat it eaii be reaelusl 

from either side. To prevent the ravag(‘s of 
iii.seets, and to keep the young plants warm, a 
covering of muslin is arranged as a curtain, so 
that the cover can he withdrawn when d(‘sir(‘(l 
to admit sunlight and air. 

Sowing the Seed, To ohviati’! the diffi- 
culty of tho impervious coating of tho tobacco 
s(reds, which delays g(‘rmination, it is sometimes 
the custom to .seratcli the surface of the .seed by 
rubbing tho seeds Avith lino emery pajier and th(*n 
to moisten them Avitli water in a Lh)a> 1 for 48 
hours. Mix the .seed in the proportion of [ oz. 
of .seed to 2 quart, s of wood ashes, corn iiu'al, or 
sand, ,and .soav carefully and evenly over thi' bed. 
A light -C(jloured diluent is Ix'st for the sei'ds, as 
it vs easier to s('i^ Avhere the seeds liave been 
sown. Sow the mixture by the thumb and 
fingers, and after soAving .SAA’oep tlie bed eare- 
fiilly over Avith a brush, simply disturbing the 
surface of the ImkI, taking care not to bury the 
s(X>d too deep. Next .sprinkle the earth Avith 
water, and make it firm by laying doAvii planks 
and standing on them. Water the bed tAvic(^ a 
wt'ek, or oftener in dry A\'eatlier. The seeds 
come up tAvo weeks after planting, and their 
growth should be .stimulated by Avatering Avith 
weak liquid manure. In about six Aveeks to 
tAvo months the plants aa^II be ready for trans- 
planting, but l)efore this takes place the plants 
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should liave been burdened by removing tho 
eoAW gradually and inen'nsing tho time of 
exposure to the air day by day. 

Transplanting.. The jilants in the stxsl 
bed are planted out in th(' fi(‘ld avIk'u tlu^y luux^ 
groAvn 4 in. to (» in. high, although iri Cuba 
the s(?cd]ings are alloAved to Ix'conu^ S iu. to 10 in. 
high before this operation tak(‘.s plae('. 

Tavo or three AV('(*ks before jilanting, tbi^ 
tobacco lu'ld is liarrowed and laid off in roAvs 
by nu'ans (»f a plough, the roAvs being 3 ft. to 3.t ft. 
apart. Open fi(‘lds an^ usual, but in Florida 
a sy.st(‘m of shading the fields Avith oikmi lattusi 
Avork is in A'ogiK', Avliieh has tho adA'antag(.? of 
improving tim k'af t(\\ture by imxk'rating tho 
sun’s rays. It may lx; added^that the di.stams; 
apart of the roAvs varies in dilh'nait- parts of tlm 
Axorld according to the kind of tobacco that is 
being groAvn, and Avhether liand cultivation or 
horse cultivators be employed. 

'Phe transplanting operation is Ix'st conduetixl 
ill eloiidy or damp Awatlu'i*. On tho pn'vious 
night the .sec'd Ix'd is Avell A\at('n*d to loo.s(‘n 
the .soil, and tin; young ])lants are ‘‘ dniAvn ” 
early in the morning avIk'ii still AAct Avith dcAv, 
taking care not to injure the roots, and to lox'p 
as much soil adlu'iing to the roots as possihh*. 
Take hold (ff each plant Ix'tAA'tx'ii the tliumh and 
finger, and hxisen the (‘arth Avith a small gardi n 
fork. Put the jilants gi'iitly into small boxes or 
baskets, e(3A'(‘r Avith a damp cloth, and put In a 
shady ])laee till the afternoon Avhen the planting 
takes piae('. There are tAAo methods of planting 
— by hand or machine. In hand planting, tlu.^ 
plants are dott(‘d at ix'gular intervals by a staff 
of labouHTs, usually boys or Avonu'n, Avhile 
otlu'vs folloAV and make a holeAvith a dibble, into 
which tlu; roots of tlu' plant are in.sert(‘d. The 
soil is th(‘n j)r(*s.s('d round the root, and tho l()o.s(; 
(‘arth brought up Avith the dil>i)I(\ tho surface 
being left as l(Aose as possible. 4Iiis process is 
soin<‘tiiU(‘s vari(‘(I by one man Avalking along and 
making the hok's, another dropping the plant 
near by, and a third .setting tlie plants. When 
th(' soil is damp, Avateriiig is not requiivd, hut 
if dry, Avater is pourc'd into the holes hefon; 
inserting tin* plant. If the Aveather C(>ntinu(; 
dry Avatering will lx‘ need(‘d until the .seedling 
is lirinly e.stahlished. lii (’uha a (piicker proee.ss 
of planting in fnrroAv.s i.s adopted. 

Machine Transplanting. Machine 
transplanting is praelis(‘d in s(une districts. \ 
])laiiting maehiiK*, hor.s('-draAMi, cairk's thedrivx'r 
and two men (jr hoys. Tlu* machiiu; carri(;s tlui 
Avat<*r, Avhich is run into each hole. It is stated 
that a man and t wo boys can plant tAvo to six acre's 
a day, about tAvice as much as can be ac'.corn- 
jdi^lK'd by hand .s('t1ing. Tn this stage care must 
he specially tak(‘n to hav(^ pk'nly of young plant.s 
n'ady, and (Auly plant those of tho same .size in 
one iicld, .so that all the tobacco Avill arri\c at 
maturity tog(‘th(*r. Plant as (*arly ns possible; 
afbT the time of frost has passed, and strive to 
liave an early crop. In case of frost any young 
plant.s which .shoAv signs of having lacn affected 
should be r(;plaeed, and also any iliat have been 
bitten by insects Avithin tin* lirst fe'Av days of 
transplanting 
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Weeding and Carthing Up. The 

tobacco field requires very careful cultivation, 
and must bo systematically weeded b^^fol•e the 
plants increase much in size. The first weeding, 
which is Ix^st done by hand labour, sliould be 
about a fortnight after transplanting, and in 
this, as in subsequent weeding, the greatest 
car© must bo taken not to injure the leaves, as 
their vahio would Ixj thereby much diminished. 
Tf the soil become hard or baked, it should be 
broken up with a hoe \ised towards the jilaiit, 
so as not to take soil away from the plant. The 
last weeding, in fact, should be done with the 
object of eartliing up the soil round the base of 
each plant. 'I'his encourages root gi'owth, and 
enables the plant to more easily withstand 
wands. Ma(‘liine weeding is practised, but 
the loss through loaf damage is more than . • 
with careful handw'ork. | 

Topping and Priming. The oi)(‘ra- IL 
lion of removing the top or main slioot of 
the plant is called topping. It is done with 
the object of preventing the transference of 
nourishment to the steeds and to promote g 
the gvowih of the leaves. The lowest leaves 
are also generally removed, as they are Qpp 
rendered worthless if h‘ft on, owing to 
laceration through w'ind lashing, but in some 
districts the lowest It'avos are retained as 
a protection for the roots. 'Uho time for 
removing the top shoot arrives when flower 
buds bc^gin to form, but l.)eforc tlu* flowers 
appear [2|. It is usual to retain from 10 to 12 
leavt^s on each plant, as that is considered to be 
the average number that can be brought to 
perfect ion ; but this is by no means a fixed rubs 
as from 15 to 20 may he left on in eases where 
the tf>l>ac*co is intended 


mainly for cigar fillers - 

or where the plant is 
very vigorous. 

The topping of the 
plant causes it to send 
out buds or suckers at 

loaves, and those IjlliT* 

i ‘ 

removed, “ suckering ” i |! 

l>eing needed tw^o or - 

three times during 

the season. The skh^ 3 

shoots or suckers are 

allow’ed to grow alx^iit 0 in., and are then pinch' tl 
off to w ithin 2 in. of the stem. 

Insect Pests. Tlu* planter must closely 
attend to caballing all grubs or caterpillars 
that infest the tobacco plants, as tlur quality 
of tht) leaves is soon injuriously affected. 

Some insects attack the plants wlien still 
below' the soil, but for this there is no i>ractical 
remedy. Slugs are very fond of tobacco leaves, 
and as a preventive a little pow’dered (piicklime 
is scattered or blown on the leaves, or one may 
use an dltsenical spray. Alany kinds of cater- 
pillars also infest the plants, hand picking by 
cliildren being the most effective method of 
dealing witli this pest. Balls of poisoned meal 
are sometimes disti^ibuted about the fields to 
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attract insect pests, and much success attends 
the planting of clumps of datura stremonimn to 
act as insect traps. 

Leaf Diseases. Diseases which attack 
tobacco leaf often do considi*rable damage. 
One of these, known as mosaic disease, appears 
as light and green patches on the leaf, the cause 
not being w'ell understood. 1'ho remedy is also 
obscure, although certain facts as to the cause* 
are definitely knowm. As the disease is probably 
fungoid, well burned seed beds arc desirable, 
and great care should be taken in planting 
so as not to injure the delicate roots. 

Harvesting. In from four to six weeks 
after topping, the tobacco plant is n^ady for cut- 
ting down. The pro})er time for harvesting is a 
matter of considerable judgment and ex- 
perience, as if the plant be cut before it 
be properly matured the leaves will cure 
^ dark, and, under some circumstances, will 
, dry green, and never develop flavour. Th^ 
follow ing arc the principle signs of matur i ty ; 
^ 1. When a lc^af is doiibltHl up, and a 

•F?oj) pressed at the bend between the 

linger and thumb, it will break w'ith a shar]> 
crack if the Uuif be ripe. 

^ 2. The leaf blade and leaf .stalk bend 

towards the soil. 

3. The leaf takes on a slightly yellow colour, 
and, on holding up a leaf, and looking through 
it more or less transparent spots like drops of 
oil are seeii. 

4. Walking through a tobacco field a chanu'ter- 
istie smell of ripe, tobacco is noticed. 

5. On cutting across a branch a reddish ring 
will be seen if the plant be rip(\ 

'^riie leaves ripen upw'ards, and, in bright 
toba(*co districts, tlu* 


3. TOBACC O BARN 


.a ^ bottom leaves arc* 

other districts the* 
plant is cut when 
■ thc^ middle leaves are 

3 fr- nearly ripe. Wlion the* 

I leaves are separately 

- I I detached from the 

I !i (W! sU‘m they are placed 

H ' in baskets and taken 

to the drying - sheds 
strung on twine or 
Q 11^ KX w'h'es back to back. 

A string of leaves is 
then attached to a 4-ft. lath, and thc^ laths 
liung up in the barn. The principal method 
of liarvesting, howevc;r, is that which involves 
tile cutting of the whole plant. "Hie plants 
are cut off near the ground w'itli a sharp knife, 
and tlie stalk sjilit from the top half-way to 
the bottom. The splitting is omitted in some 
countries, and the* whole i)lant strung on a 
curing-stick. In both methods the plant is 
exposed to the sun till it is wilted, or made limp 
enough to handle without injury. It must then 
l>e conveyed to the curing-barn with as little^ 
delay as possible. Cutting is best done late in 
the afternoon, as the cut plants are easily 
injured by the hot sun pouring down on them. 
Harvesting must not be attethpted in the 
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morning when the plant is wet with dew. After 
raiu it is wise to allow at least one tine day to 
intervene before harvesting. 

Stacking in the Field. Instead of eon* 
vcying the wilted wholt^ plant direct t to the barn, 
it is stacked on scafiolds on the Held if the weather 
be fine and mild. From S to 14 plants are 
placed on a stick, and removed to the scatfold 
previously built 

in the neigh- yy 

bourhood. 4'lie 

sun begins the ) 

curing process y 

by yellowing the ^ TN 

plants andrcduc- "' ll "" " 

ing the amount ! I _ 

of moisture they * I | 

contain. Both ‘ !' i 

on tho scafloUl iSffl " - ! t;*: ' 

and in the ^ J | j'J ^ g 

curing-barn |31 .,/n | III 

spaces of from “ 1 1 W — | | L _ 

S in. to 12 in. Ijk WS'l 

are left between 

the sticks for ” - 

the circulat ion of 

air. Jt Him, .1.1 4 miul.EslAS 

be added that, 

owing to the liability of the leaves to diimage 
from exposure to the sun and weather, it 
is now considered wis<‘r to get the crop safely 
in the barn at once without running any 

risk from climatii! conditions. SiK'cial frame 
waggons arc used for transporting the tobacco 
to the curing-barn, the, object being to carry 
the plants so that th(*y do not touch the 
sides or tho bottom of the waggon. Dther vise 
tho sticks of tobacco are 

piled on an ordinary M^aggon 

in layers with tlie butts and i 1 

tops alternately on tho out- H I 

side. Tho leaves that are i | 

separately harvested an* g L 


mm 
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strung on twine in small $ ] 

shelters built outside the i | 
curing- barns. | 

Curing the Plant. The ^ ^ 

next proei'ss to whieli the 'I 
tohaeeo is subjeeted is known ^ 
as ciirimf, and, as the (piality j 
of the ])roduct depends to I 
a considerable degree on the \ _ 

care which is <;xereis(*d at i | 
this stage, it Avill readily Ix^ * 
seen that curing is one of f ^ 

the most important, as il is warn 

the most difficult of the pro- w 

cesses. This should not be 5 i-i^yn 

understood to mi?an that an 
inferior leaf can bo made into lirst-elass tobacco 
by suitable curing, but rather that the good leaf 
can be 8i)oiled in tho process through want of skill. 

There are several mct}io(Ls of curing in vogue, 
which we will now consider separately." 

Fire Curing. 'J’lie method of curing by 
means of open fire heat is used for export tobaccos 
as such tobaccos stand transportation b(*tt<*r 
than others. Tho burning charcoal or wood 

2 c 


imparts a distinct Havoiir somewhat like creosote 
to the product. The following is a description 
of the process as usually followed : The curing- 
house is arranged with ventilation windows, 
and on the second day after cutting, the slicks 
upon whiiii the tobacco was ])lacc(l wiicn cut arc 
arranged in the barn. On tli(^ third day artifi- 
cial heat is api)lied in the form of charcoal or wood 

— preferably the 
f( ^ a^^^^ t hc||^ 

H j' : ' ■' V i ‘I '■ y ‘ n K- '''•>■» 

y hapj)cns after 

i - A Bbout 24 hours, 

' wh.M, the t.r„- 

I.I,A<(„ l!ARN lH-,-al„reiHrniK,Hl 

to IK)' F., increas- 
ing by 10 di‘grccH c‘V(‘ry 24 hours till 150 F. is 
reached. When all the moisture has evaporated 
from the leaf and the stem of tin* leaf the fires 
ar<* discontinued, but resumed for a few hours 
if rainy or h>ggy w'(‘athcr come on or 
th<* leaf show signs of softening. When all 
th<* moisture has Ixm (Irivs'u out the tobacco 
is taken down, Htri])])(*d from tlie stalk, and 
graded for tlu* market. 

, Fluc Curliig. Ill the 
process of fine curimj the heat 
I I from an outside furnacMi is 

I — . f conveyed through theeiiring- 

% house* [4 aiul 5J by means of 
T m large- iron Hues or ]>i]ies. This 

; M iiiethoel is us(‘el for curing 

i i bright yellow’ tobacco, the^ 

, i stages being : 

* i 1. 4’lic ye*lle>wing ])re>ce*.ss, 

i will*!! a lcmpe*raturc of IK)' 
i is ke*pt u]) for from 20 te> 
i .‘10 hours. 

1 2. Fixing the* ceilour, the^ 

^ i tciupe*rature* Ix'ing laiseel to 

? m JOO for Ie>iir hf»urs. and in- 

: 1 crca.scd 2J ele*gre*e‘s every tw e» 

1 J heairs, until 120 ’ is reache*d. 

mam ^ mm wm 'X The* curing prex'css 

])rf)pcr, at a tcmpeu’ature of 
K EJ.i K.S from ]2(b to 125' F., fe»r 

from six to eight hours. 

4, Htalk curing, at. 125'’ to 150 ' F., tli • lirat 
being raised to the^ bitten* temperature* by live- 
degrees an hour, and the heat continued till the* 
stalk is thorougldy dried, which will he in from 
12 to 15 hejurs. 

A simplified process of flue dn i/ig is eis follows : 
After the tobacco is cut it is phicvd in the curing- 
house, and the air warmed tei tK)' F. for two 
ui* Ihree hours. The heat is then increased 
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raj)idly to 125°, or oven higher, if tho loaf injected into tlio room when the leaf is in a very 

will stand it, and, after letting tho heat stop at dry condition, but soiiie leaf handlers prefer a 

this degree for a few minutes, the fires arc spray of water. Tt is during the fermentation 

damped, |ind the heat gradually reduced to process that the lower grade tobaccos are 

IK)^ K Tho finishing part of the curing pro- petnnai — that is, treated with flavouring ingre» 

cess is tho same as we have explained in the ilients to improve the aroma, 

previous process. TIu* temperature of the lieap of tohaceo is 

Sun Curing. The method of sun vnrituj is judged by putting the hand inside, or by using 

practised in a j)art of Virginia, but, as it involves a thermometer, an automatic cleetric instrument 

many liaiidlings of the tobacco, tho expense for being in use in up-to-date establishments, 

labour becomes a serious item. ^Phe process is. Grading. The^ fermented tobacco is next 
liowever, much valued by the manufacturers of graded and paekt‘d. Tn the ease of (hi ban 

plug tobaiH’o, as the produ(!t is v(‘ry sweet, and tobacco, the leaves are made into handfi of about 

specially suited for (-hewing. Scaffolds are 40 leaves each, the oiitsich* bcung bound round 

(Tcelrd lUNir the euring-liouse, and upon tlumi is with hast into a rarofte. Kigbty earottes are 

placed th(j tobacreo as soon as it is cut. (In tlu^ made into a hale. Loos**, tobacco is packed or 

approach of a storm, tlu^ tobai^eo must be carried pi-i-zed into averaging ,5(> in. high and 

into tin*, barn, as the colour and taste would hv 42 in. di;iineter at the lu*iid. Ihessure is applied 

impaired if rain wen* allowed to fall on the leav(‘s. as the leaves or hands are la ing pack(*d, the 

'Phe tobacco is exposed to the sun in this way screw’ pr(‘ss used with h(»gsh(‘ads luMiig shown in 

for some weeks, until all moisture is dispelled. tin- illustration |6J. (’art- must be tak(‘n not to 

The storing and handling of sun-cur(‘d tobacco mix various kinds of toba,cco in om^ package, as 

needs luueb more care than in tin* -mmmFmP markt-t valut* of the tobacco is 

earse of /n*c or /h/c t/nnMeaf. thereby diminished. Before being 

Air Curing. (‘igar h'at, and r/ | brought into use, tobaccos ai’e ke:j)t 

other tobaccos ol thin delicate tex- !’’i‘ p | '•* stoi-k for fnmi two to four years 

ture, and small(*r leaf and stem, aie ji’-'lip ^he tobacco in this way 

<‘ured by air, in well -construct td . if*' 4 : im * Ikccoming softt-r and m(*ll()WTi‘ in 

cviring-bous(‘s, in which wooden .'in'iiBr' H'^-voui’. 1’lie w(‘iglit of tobacco in 

W'indows are arranged tor \cntila a liogsht*ad varies according to the 

t ion purjiostjs. 'Phe pn»ecss lusts six | L'Jll ^ kind, from bOb lb. to 1,()(H) lb. 

to eight weeks, and (luring this time light(‘r toba'-cos, up tn 1,(>0() lb. 

tho t(*mperature and moisture aw i | |W||l |j|jM| 'K to 2,(MM) lb. of dai-k l(*af being 

regulal.(‘(i by i»pening «u* shutting ; avt-ragt-s. Ifalf hogslu'ads an^ us(*d 

the ventilators. Air-cur(‘d tobacco yHI||||| I jj tor exporting to c(*riain markets, 

is of lM*ttcr llavour than that cured English Tobacco. By an 

by other methods, being fret^ from ,|| JJI Act ])asse(l in tlie reign of Charles 

smoky tivst (*, and, beingmor.^ absorb- i growing of tobacco is ill(‘gal 

<‘nt, it is larg(;ly used by manufac- i ^ ' I in ICnglaiid and ln*lari(l, an exet'j)- 

furors of chewing tobacco. Whitts tion being imuk* in regard to physic. 

Burley tobacco cured iu this way has 0 screw press gardens, which were allow^t-d to grow 
a cherry-red to a red-brown colour. half a ))()le for ni(*dicinal })ur])oses. 

Fermentation. Tht^ fermf ntation or 'Plie Act . regards Kngland and Ireland bai.s 
siveatimj [aroeess, which follows, is undertaken bc(‘n rchixi'd in so far as (‘.\j)crimentJil eulturt- 

for tlie purpose of (I(*velopiiig the aroma of tln^ was allowed in 188(), at a lime W'lien, ow’ing to 

tobiU’co. Tlie process is ont^ tafteii entrusted by iigrieultural d(*piessioi), it wars thought that tin* 

the grower to tho e.xtxM’ts who specialise in this cultivation of tobjweo might- protitavbly bo eairrit^d 

depcirtment. Tho nn-thod eiiijaloyed is know’ii on at home. Lx peri men tail cultures were math* 

as bulk lermentaium. The t(->baeeo is soHihI out by Lord Harris sit Faversham, Mr. L)e Lsiunt* at 

into ihret*. grades according to llio t(‘xturc of the Siltingbourne, and Mr. Wigan sit Ksist Mailing. 

It'sif, (‘stcli gj-ade being sejsarsitely bsdli(‘d or 'Pin* experinnmt was deemtHl a sutjeoss from sonu 

stsiek(*(l in rooms li(*sit('d by steatn. Tin; moist lire points of view , but it was hardly to be ex])ectt‘d 

of the siir is silso eapsilsle of being r(‘giilatt‘(l. tbsit tobacco of first rsile. quality could be grown 

'Pin* size of the heaps vsiries siecording to the without e()nsid(*r;ible experitmee sis to the Isest 

grsule ; f(>r instsiiice. if light shsith* lesives be steds siinl most suitaVsle soils for lln^ crop, 

sequired, .1,00(1 lb. to ;),000 lb. ijf lesives are Irish Tobacco. For some years, experi- 
|»bieed in the bulk, wliih; in the esise of ordinsiry meutsil tobsiceo growing htis been carrit^d on in 

lilh‘]s, 10,0(K) lb. to 20,0(30 lb. sire tlie siverago Jrelsind. 'Phe Deisai-tment of Agiieulture has 

bulks. 'Pin; l(*av<'s are ])iled up to si solid stack hsid eliarge of the arraiigtuiients. Colonel N. T. 

5 ft. or (> ft. high, and in definite order. Tin; Evcrsird has publisbt-dan intenesting account of 

bulk is then covcied up with csinvsis, and after his work in the Journsil of tho T3epsirtmeiit of 

SI short lime feriut*ntsition, sis evidenced by a rise Agrieiiltsire.” To encourage the experiments, si 

in tciutXTatiirc, tsik(*s place. Tho temperature rebate of onc-lhird of the duty has been granted 
must not bt; sillowed to go lioyond LIO’ F., to for a iieriod of live yeai-s, from 1904. Professor 

prev^'ni which tin* heap is from time I 0 lime Kell(‘r, a tobsiceo <*x pert, is studying tho kinds of 

t-siken down and rebuilt. Bonn; three to live tobsieco best suited for the various soils in Ireland, 

weeks is o(*cupi(.*fl by ibo process. 8team is and this is lield tobt^fhc! crux of the question. 

( \mfinHid 
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THE CAMPAIGN OF MAN 

Group 3 

SOCIOLOGY 

Sociology is the Study of Ourselves. The Science of Saving Society from 

4 

Its Own Mistakes. The True Ethical Ideal must be Sociologically Possible 

Ctnui^MP.l fi-nn 


By Dr. C. W. SALEEBY 


'^IIE present Avriter's estimate of tlie im- 
^ portanee of sociology grows yearly — in this 
respoot he questions not, resemhling the estimati* 
of all who are capable of learning. In so far 
as it is possible to speak of the root of any 
such matter as we have instanced, sociology 
“ gets there,’' and time and again one linds that 
questions which a])pear at first sight to belong 
to subordinate scic'uct's, and which the subor- 
dinate scienc(‘s can solve u})on })ap(T, just as 
the presimt writer can say upon ]>a|K'r, “ Let 
every mother nurse her baby and you will have 
no infant mortality worth uumtioning,'’ can la* 
solved in practice by the. sociologist alone. H<* 
it is who deals with underlying principles. He 
it is who, in conspicuous contrast, for instaiua'. 
to the unthinking kind of socialist, takes into 
account that sujavmc factor which we call 
human nature. 

The Place of Ethics. And now a word 
as to the r(*lations (jf sociology to the trans- 
ceiident science of morality. Accepting as, 
at any rate, partially true that conctqdion of 
morality which confines its gaze to human life 
as wc know it on this earth, w(^ see at oiK.a‘ that, 
in one of its aspects, at any rate, sociology is 
inextricably interwoven with morality. M’lu‘ 
idea of justice*, for instance, is, of course, a 
sociological idcfi as well as a moral idea, and C'ven 
if abstract morals insist upon the truth that 
justice is justice*, wl»at<‘vcr the practice of men 
may be, y(*t the moment tlui ])ractical moralist 
begins b) ask himself how ju.stice may be 
furtlu nd, maintain<‘d and (*fT(*ctctl, whether by 
stern laws or by providing all citizens with good 
mothers, or by some other means, at that very 
moment the question of practical morals is seen 
to bo a question of practical sociology. 

There arc a gri*at many think(‘rs, chief among 
whom, perhaps, is Professor LesU*r Ward, the 
most distinguished of living .\inerican soc*iolo- 
gists, who, having a too narrow conception of 
ethics, declan* that- it is not a scien<*e, still less 
a separate science, at all, but is men*ly a part 
of sociology. For Ward's discussion f)f tliis 
view, SCO his “Pure Sociology” (.Macmillan, 
lh03). This, as it might ho shown, is surely 
an exaggeration; but, at any rate*, tbe. faet 
which we an^ tiying to emphasise remains that 
whik*, on the onc^ hand, sociology has the most 
complex and indissoluble relations A>ith the 
sciences that arc heni*ath it, on thi? other hand, 
it can never be dissociated from the one .seiemee 
W’hich is above and lieyoiid it. 

Sociology a Science — and More. And 
this leads us on to another consideration which 
sociologists >vould do well to make more explicit, 
and the neglect of which has led to much 
misunderstanding. Just because sociology 


is iiitormi.xed with cthiis, it has the pt'iuliar 
character t*f that science. A pure scicfu*(', what- 
ever its subject matter, is properly eojieerned 
solely, exclusively, and eold-hloodtslly with 
u'hat is. Pure science has nothing what<‘ver to 
do with irhat ought to hv. The stuih*nt of soeit'ty, 
being a imin as well as a scientist, cannot fail 
to hav<‘ his own opinions as to what ought to lx*. 
i!«‘ cannot fail, in his heart of heaits, to feel 
emotions of disgust or pleasiiri* at the facts 
which he discovers. His case is thus totally 
distinct from that of the ehc*mis(, l(‘t us say. 
Tlu‘ stiulriit fd atomic w<*ights disrovers that the 
mass-ratio of oxygi ii to hy<lrog<*n is lb. He* is 
concerned merely to know tliat this is so. ’Fhe 
faet will givt* liim gr{‘ater or h‘ss plcasnrt*, 
(‘crtaiiily, according as it fits in with iiml 
Confirms, or is ine()m])atil)l(‘ with and threuvs 
discredit upon, other facts or supposcal facts; 
hilt he pa.sses no moral judgment upon the 
result Ik* has ol>taiiU‘d, and, whatever the result 
is, no question arises of any attempt to alter the 
facts. Till* t*tTorts of all ^the < hemists in the 
world I'oiild not change (he atomic weight- of 
oxygt*!!, and tlieii* is no reason why they 
slioiild. 

The Search for Social Facts. Vastly 
dilTereiit is tlie casi* of thi* moralist and (he 
sociologist. If thes(‘ stiuhmts are to he worth 
anything at all in any |)ermanent sense, they 
must, in the first place*, treat- thi'ir suhjiM't a-s 
a pure science, 'lljiy must, divest thc'niselve.s 
of all int<*rests in it save the interest which 
truth has for tlK*m as such. Seii'uee is eonei'ined 
with what is and has been. The sociologist, it 
he is to call his study a seieiiee at all. must find 
out what is and has In'cn. “’His not to make 
reply ": his not to say. “I approve or <lis- 
appix>ve' ; hut precisely as the chi'inist is 
<onc<‘rncd to discover elu‘mical facts, so tlu* 
.sociologist- is conccrn(*tI to discover social fac1>. 
Indeed, if one wi‘re asked to describe in a 
phra.se the distinction between the modiun 
<*oneeption of sociology and (lie standpoint 
of nearly .all (hose who in the past have 
thought and taught and w'ritti*n about “sixMal 
luattias, the reply would probably he that 
sociology as we eoneeive it now, is at any 
rate, wh.itcver more it may or may not he. 
a dclilx'rab'ly cold- blooded, ilctachi'd, impartial 
study f J things as they are and as they have hecai, 
(he past, of course, being the inti^rpreter (he 
]>reseut. The sociologist in making iki^ study 
is, one may suggest, to resoinhli* as nearly as 
possible the gods as Plato ima«jiiicd them. In 
opposition to the popular nonsense which 
iK’lieved that male and h'lnalc deities, morally 
inferior to the average man and woman, con- 
stantly interfered with human affairs, it was 

4275 




SOCIOLOGY 


that rtucli g<Hl.s Ihora were— tiiuglii for 
prudonro sake, though it did not sav(^ Socrates — 
iait that Uu*y did not interfere willi human 
a (fairs. Tlicy s*at upon ()lymj)iis “ in god-likcj 
detachment,” contem])lat ing all things, undtT- 
standing all the motives of men, s<‘cing all the 
fashions in which they lived together, and the 
various ('onse(pionees of all those practices, 
hut never raising a fingJT on one side or another, 
and lujver caring a straw. 

'Phis exactly A^ould he the attitude of the f>iire 
SOI iologist as such. T(, would ho the ideal of 
sociology as a science —to make llu* science 
an omiiiscionco of social facts, present, and past, 
to record, classify, ajid giunualise them, and put 
them into a perfect textbook. 

The Sociologist Must Have Ideals. 
Now, it is (piitc certain that unU'ss w(‘ r(‘cognise 
this conception of our husiiiess, unless we admit 
its validity, as far ns it goes, unless we attain 
this impartial and, so to spe^ak, careless point of 
view whilst \\(‘ arc ascertaining our facts, we 
shall, in tlu' lirst place, forfeit the title to call 
ourselves scientific, and shall, in the second place, 
<*itlicr mistake for facts what aic not facts, or 
else shall make an artificial selection from the 
facts, choosing, perha])s. flu* few and insignifi<*;mt 
which suit our prcposs(‘ssi<ais —as, fta* instaiu“e, 
in favour of authority (u* in favour of liherty — 
and omitting the many and weighty ones whit*h 
prove that our prepossi‘ssioiis are false. Vn*- 
eisely the same necessity arises in the case of 
the moralist. 

HhI there never yet was sociologist or moralist 
of any inonient. whatever who Mas not more than 
a pure scientist. Tlu* driving poMcr, ('ven in 
the ea.s<‘ of such a costly and t)r<.»long(‘(l, d(‘spis(‘d 
and dreary ent(‘rj)ris(* as S})eneei\s T)(*seriptive 
Sociology,” has aUvays hc<‘n the passion for Mhat 
(^irlyle called that divine M'onl reform " ; and 
sooner or later every sociologist has ri*nounci*d 
the pur(*ly seienlitic purpose and surp.assed it. 
lf(* has left the question (►f what is and has gon<* 
on to the <juestion of wliat ouglit to be and how 
it Ahall he. The ])resent u jiter eertainly (lo(*s not 
<Iare to que.stion the value of pursuing truth for 
its own sa.k(', and lie is among the first t(» admit 
that the ])urely seientifii* conception of socicilogy 
IS invaluable; hut it is fortunately in the nature 
of the ease inipcssilile that anyone can s«‘t his 
mind to the study of social facts without being 
irresistihly eom]H*llt‘d to ask himself how they 
can be jiiodifu'd. ^I’lu* stud(*nt mIio did not ask 
himself this question Avoiild he as impossible a 
moiistei* as the studejit of disease Avho studied 
it for its own sake and did not can* tMo straMs 
to ask M-hethor the disease might have been 
prevented or might bo eured. 

Sociology a Campaign of Man. 1'here 
arc many splendid signs of the rimes Avhieli 
show clearly enough that the double conception 
of sociology — (I) as a. pure science and (2) as 
a (\impaign of -l/ua— is making its way into 
the modern mind. 'Pmo distimd parties of 
IKJopie are approaeliiiig .sociology. On the 
one hand thero are the scientists Avhosc own 
work lies in various departments of the science 
of life and living things. Every biologist, 
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and every physician worthy of the name, for 
instance, is rapidly journeying to-day toAvards 
s<M*iolog 3 ^ 'J"he greatest of national problems, 
the making of a vigorenis and Avorthy people, is 
uniting medical men and sociologists, and Aiitli 
them also tlie stud<*nts of heredity. Tluisi* ineti 
of seienee are coming to di.seovcu that sociology 
]>rovi<leK them with an almost unsuspected store- 
house of facts, and it is facts Avith Avhieh science, 
is concerned. 

The New Reformer. And from the 
other sidt-i sociology is being a])proached by the 
humanitarians, lovers of children, lovers of jus- 
tice, lovers of liherty, lovers of tlu^ poor, social 
reformers of all kinds. L(‘t us try to realise tlu^ 
signilieancc, Mhieli lias ncA (‘r yet b(*en adequately 
r(*cogni.s<*d, of tlu* < hange wJiieli the scitadific id(‘;j 
is working in these* tiuies. Take, for instance, 
the great so<*iological questions of crime and 
punisliment — criminology and ])enology. It is 
not so very long ago since a .lohn HoAvavd or 
an Klizah{‘th Fiy set to work to do something 
for the \\i(‘tched state of our jirisons. 'Hiey gave*, 
the* mise*ral)le inmates, feirsakeii by man, tlie'ir 
own peTsemal seu’vice* and sympathy, A\itli all 
that this implic^el e)f inoial re*geiu*rat iein. 'I'lic'V 
i mine »rt a lis(*el their na.ine*s ameuigst a “ Christian ’ 
jxople* l>(*e*ause they did neit content tJiem- 
se'lves with ivading tJie 2r>th ehajiter eif St. 
MattlicAv, but aetexl upem it. “ 1 Mas in prisem, 
and ye came unto me." It. Avould be bett<*r 
n<ive*r le) Avrite* anothe*!* Aven*d than to di*tract in 
any way fi'om the splemelonr of their seTAieu* 
jinel aehi('V(‘ment.' 

Hut ('e)nsieler what the*. .s(*ie‘ntilic ide*a is iieiM’ 
be.*ginning te) ae‘e;o!ii])lisli in siie'h e*ases as these, 
'rile? deathle'ss ])ieAne‘('is have done llie‘ir ])ione‘er 
M’eu'k e)f UMakeTiing our e*e)nscie*ne*es, but their 
sueC(‘ssors elo not follow the old plan. How all 
but lieq)e‘le*ss was it to visit the ])risons Avhen 
the^ trr'atinciit of eliildren, e*speeially eif naughty 
chilelre n, Avhe'U the* whole conception e.>f eriim*, 
the* Avhole* social system that proeluetal e*rime, 
the Avholo of the methods for repivssing etrinie, 
were false .ind i'e)tt(*n, and Avlien crime, and yel 
more* e-rime*, Avas the; proeJuet of tJieir pulrefae*- 
tiem! Nowadays aac do ditfere*ntly. The gre‘at 
se-ientifie truth that causation is universal, anel 
that all facts, l)e‘ing part eif triitli, are saerred anel 
weirthy eif reeeignit ion— these arc entering intei 
the* modern mind. 

Reform on Wrong Methods. Nomu- 
ehiys. the-n, we* have deveite^d stuelents who studv 
the^ facts of ci-inie as tlie ehe*niist studies the 
facts of calcium, and the day is dawning Avheri, 
by a sane? treatment of children, by the in- 
stitution of methods of education which reckon 
Avitli human natuie and are based upon the^ 
facts ejf physiology, AAe? shall abolish e*rime by 
preventing the formation of tlie criminal. This 
is obviously a more excellent way even than tJie 
visiting e?£ the prisems — prisons Avhich not one 
)>risemer in te*n thousand, brought up in a social 
environment adapted to his needs, would ever 
have entered. Tliis particular illustration might 
1)0 indefinitely multiplied, and it is impossible 
to e.xaggerute the practical importance of the 
change. 
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Hitherto, the social reformer has usually had 
more heart than head. The history of ‘‘ charity ” 
is the history of the consequences. I'houghtless 
charity has caused immeasurably more misery 
and v/retchedness and sin and evil than it lias 
evc^r relieved. Social reformers without number, 
and social elTorts without iiumlier, have not only 
done more harm than good, hut liavc* nctuilly 
brought our great ideal of redorm into discredit — 
a pitiable end. 

Heads ,and Hearts. But wc are just 
now at the birth of the time when Science* is to 
exert her beneficent sway -irksome though it 
may not infrequently appear- over the full heart 
of the social worker and tlie social reforiiK'r. 
The observer will find that bad selieru(*s, 
promising an a])par(*nt imnu'diab* b(*n(‘tit, but 
threatening a lasting injury, have now to 
face the criticism not of one isolated ])Jiiloso])lier 
here and another then*, but of a whole host of 
thoughtful and well-inform(Ml peopU*. In short, 
we are b(*ginning to abandon the old method 
of trial and error. Sociology is teaching us 
that the ]>ast has made enough ex|KTim(‘nts 
if we would only look at them. Soeiolog^^ is 
establishing generalisations which, lik<^ otlier 
generalisations or products of induction |se(^ 
liouio], ar<* capable of h<‘ing us(‘d for jmrposes 
of deduction. 

'^I’lie ri'former, the (*nthusiast, (;omes forward 
with a nmv plan, and sociology is able to say 
Ixdorehand, in some cases at any rat<', Xo, 
this w’ill not work,” just as the studt'iit of 
Energetics [see Piiysk's] is able to say to tin* 
jXM’petiial motion sehemcj*, “ No, this will not 
work.” Furthermore, many social work<*rs, 
whose good hearts are known to all, are 
having the poss<*ssion of good heads as well 
revealed under the inlluence of the scientific 
atmosphere w'hieh is beginning to inv<'st this 
subjiict. Hence they are lu'ing s<;t to work to 
collect the geiieralisi'd facds just as if they wen^ 
one of the impartial deities to Avhom we have 
referred. Many of them are rapidly acquiring 
the temper which seeks to follow truth wliert'ver 
she leads. In consequence, there are Ix'ing 
rapidly produced books which contain jnatt<*r 
of fact, and arc as properly scienlilic in metliod, 
aim, and execution as the driest treat ist* on 
hydrodynamics. Conspicuous instances are fur- 
nished by Messrs. Rowntree and Sherwelfs really 
epoeli-making books upon the alcohol ((uestion, 
and any number more miglit be cited. 

Discovering Ourselves. 'fJiroughout our 
course, then, we must endeavour to pi-eserve the 
very diflicult ideal, the two ])arls of which so 
many in the past have found ineompatihU*, of 
( 1 ) studying our facts as facts, and ( 2 ) studying 
our facts as means which will enable us to effrrt 
further facta. For sociology is uni(|ue among tlie 
sciences in that man makes the facts. \\\? are 
far from saying, of course, that man in so doing 
is not determined by hi.s nature and his educa- 
tion, by custom, tradition, mental im^rtia, and so 
on. But, nevertheless, the truth remains tliat 
the sociologist is in a unique position. It is as 
if an atom of carbon in the benzene ring [see 
Ciikmtstry] lind sot lx*fore itself the probk‘m of 


discovering tlie constitution and potentialities of 
that ring. Itself is part, and a necessary part, of 
the facts which it is about to study, and lthis, w'c 
think, being the most valuable part of our analogy) 
its eom})reliension of the facts will Im* determined 
by its position in tlu* ring. If it he a short- 
sighted atom, it Avill know’ no mon* than that it 
is united by two hands to an atom of earhori on 
om^ side, by oneliand to an atom of hydrogv*n, an<l 
by tht^ other to a second atom of carbon. It will 
iiev'or occur to tlie short -sigii tod atom, ])(‘rhaps, 
that its neiglihoiir atoms an* in exactly tlie samt* 
ease as itself, just as it might have nevi‘r occurred 
to an atom in anotlu'r kind of molecule that its 
neighbours’ circumstances an* not the same as 
its own. But in any ease the judgiiu'rits of 
th(* atom an* e()loun*d and in part det<*rmin(‘d 
by its own eireiimstanees and point of vii'w. 

The Intellectual Ditficulty. 'I’Jie soia- 
ologist is in the saim* (‘ast*. He is hims<“lf 
a pari of tlu* organism which he is studying, 
and unless he be far-sight(‘il his coiu])ri‘h(*nsion 
of it will he no greater than th(* comprehen- 
sion which the atom w ill have of a moleeult*, or 
Avhieh one of tin* white* e<*lls in your blood will 
liave of yon. SiieJi a white cell would form on« 
ofiinion of you ; a nerve ee*!! would hirm a v(*ry 
ditlerent one ; and a muscle cell y<*t aiiotlu'r. 
Similarly, the* soldi(*r turning to sociology will 
form oiu* id(*a of soeuety which can scarcely 
fail to differ profoundly from the id(‘a formed 
by the workman sociologist nr from that form<*d 
by the aristocrat sociologist. '^Phe problem is, 
lieing part of the* organism oneself, to sei* it 
steadily and s<^e it wliole. 'I’lu're .is the in- 
tellect ii a I d i tlie u 1 1 y . 

And then tliere is the dillieulty that not only 
is (W'cry student of soei(*ty himself a constituent 
of society, hut jjlso, unlike the atom or the cell, 
he has ivill. He is not imly a fact, hut tin* poten- 
tial source of new’ facts, and th(*se may he good 
or had according as In* is good or had. The 
read(‘r is asked to kee|) in mind this last sentenoe, 
because we are about to 1^*111111 to tin* idea which 
it contains ■ an id<*a which wc* believe to lie the 
central tiiith of all sociology. 

Truth is Never Impossible. Ih'fore 
W'ci consider it, w’e must complete our study 
of th<* n“latioii bctwciai the study of soiuety 
and the study of morals by i niphasising the 
most important proposition which has Iat(?ly 
hec'ii laid down by one of the most clistinguished 
living students of both thc.si* subjei’ts. Professor 
Harald HblTding, of ( \»penhagcii. "I’liis is tlie 
profoundly" important projiosition that morals 
and the moralist must rc'cogni.si* the exist(*nee 
of sociological truths. 'Phe ethically right ” 
(says HbtVding) “ must In; sociologically ptissi- 
ble.” M’his statement may have no parti<*ularlv 
attractive appearance, but it throws a most 
searching light ujion the history of religious and 
moral systems. It condemns all c'tliic.il systems 
whieli are irnpraeticaible. This, of « «.iirse, i.s not 
to say that it condemns ethical ideals as ideals, 
or that it diunands the suliordination of morality 
to the ugly facts of soei(*ty uul human nature. 
It mi*ans, as the present w/ itt‘r has tried to show 
elsewhere, “ that the moralist, in seeking to 
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C‘Ktcab]ish the li ne idfal, iniisl lx* fntain that l>is 
ideal is possible. Jt means that no ethii^al id<*aJ 
<;an be true which — so to speak — would bcconui 
inif)rav;tieable directly it was realised. For 
instaiui', asct*ticism cannot be the ethical id«‘al, 
sinr(^ a society of consistent ascet ics would soon 
cease to exist.” 

“ Untrue ” Ideals. Asceticism can have 
value only as a temporary protest against 
Hcnsuality. .Abolisli sensuality, and asceticism 
would be merely silly. Similarly, tlie doctriue 
that “life is for others,” the doctrine that tlu* 
ideal is complete self-sacrifice, cannot he n‘gar<led 
as ethically right, for it is soehjlogically im])os- 
sible. Jt may serve a us(‘fiil temporary function, 
hut that it is essentially absurd must Ixx-omc 
a])parcnt so soon as w<^ try to <oueciv<^ the 
social state in wliieh evcryc^nc lias ](‘ached tlu^ 
id(‘al. Sclf-saeriticc })t*conus iinpossilile so soon 
as then* remains no one who is willing to benefit 
by it. ()n<r man can lie self-saei-ificing, as a rule, 
only on condition that another is not. \Vln*n 
ii.il ar<* (‘(pially and compU‘t<‘ly sclf-sacrllicing, 
none can bt^ so. Again, if every om*. is to live 
entirely for otJicrs, the icsult N\ill not be the 
greab*st happiness, but tb«^ greatest incon veni<-n< e 
iuid lack of economy. If J am to spcml all my 
l.iuK; in the pursuit of yoiir liajipine.ss, and you all 
your time in the jiursuit of mine, iicitlicr of us 
A\ill b<* as lia|)py as we luiglit, olhciwise ba\e 
been ; iuid thus tlui [iurpost* of nur efforts 
w'ill Iiiiv^i^ been frustrat<‘d. Thus, uiKjUiiliHed 
altruism <*annot be tin* ethic.iil id(*Jil, since it 
is soeiologu’ally impossible. Fla inly, unrpiali- 
li(‘d egoism is immoral : Iicikjc the ide<d is m'itluT 
“ Iiv(‘ f(jr self ” nor “ live for others,” but live 
for S(*lf and others.” This may claim to be 
ethically right, since^ it fiillils flu* first (‘omlition 
that it is sociologically possible. 

The Great Central Truth. There ai<* 
certain kinds of figures which one yari huild with 
cubical bricks and others which one. cannot, this 
being an instance of the proposition that the 
nature of any w hole depends upon the nature of its 
const itu(*nt parts. The central truth of sociology 
is pnriscly tliis, that the structure of societies 
<icpcnds upon tlic c}iaract(*is of its constituent 
individuals, can only be cxfilaincd by rcf<*n*ncc 
to its units, and will bt* good or bad I<\ss on 
account of the fashion in which the units are 
related to one another than on account of tin* 
characters of the units themselves. 

Xow , let us take an illustration from chemistry. 
The characters of a compound may be said to b<^ 
dctiTinined by two factors : (1) the nuinlH'r and 
nature of the atoms tliat go to compose eaeli 
molecule of the compound, and (2) the manner 
ill whicli those atoms are comhiiicd with one 
another. Similarly, the characters of a so<*icty 
arc dctiTinined (1) by the natiin*. and nnmbc*rs 
of its constituent, units, and (2) by tlic relations 
of those units to one hnotht*r — the manner in 


whieli they are (ombinod. One would not 
expect to go far in an understanding of th<* 
elicinical t ompouiids until one iviiew something 
of the cliaraetia's of the <‘lcinontary atoms. 
Similarly, one cannot go far in the study of 
a society unh'ss one takes into account thi^ 
charactt*is of the imiividual man and woman. 

Societies and Molecules, ihd th(*r(^ is 
a point at whicli our analogy breaks down, and 
nnicli is always to he learnt at the jioint at 
which any analogy lireaks down. As a inatt(*r 
of fact, if wt* consider the organk^ compounds 
we dis<-over that, the character of the individual 
atoms seems to go for very little. VVe may 
timl two (omjiounds of markedly dilTcrcnl 
natui*(‘, whicli aie yet isom(*rie, (*acli containing 
tin; saim; numbrr of the same kinds of atoms. 
In such cases it is the n*lation of the atoms 
rather than th(*ir natuK; that is ail important. 
Now, tin; case of tlie supreme oi’ganie com- 
])oninl whi» Ii we call a society diilers immeasui - 
ahly from (hat of the organic moleciih*, just 
bccaus(‘ tin* units of the om* an* tmt'liaiucftf, 
w'hcn‘as those of tin; other arc .spiritmtL In tin* 
ca,si‘ of a cluinica! i‘om)>()und, »*vcn though wc 
admit that tlic natun* of tin; coniptnicnt atoms 
must b(* rei'koncd with, wt* constantly find casts 
in which it st‘(*ms to bt* of trivial imfiortancc. 
'Pin* all-important tiling sct'ins to lx* tbc mannci* 
in which the atoms an* bound togetln*!’. 

The Test of All Societies, Now, it is 
true tliat stu-icties difler jirofoundly — as, for 
instance, a military and an industrial society —in 
conscipU‘n(‘t; of iht* diffi‘rt‘nt manner in wbicli 
tbeir units an* rclalctl, but this dilTcrencc is itself 
only a sign of tin* diifi*ring characters possessed 
by tin; units. N'<‘t again, tln‘i‘c is a reaction 
lx‘twc(*ii tlic spirit of mtiii and its surroundings, 
so that, as ncv(*r in the easi; of the chemical 
compound, the chanicti*r of the soci<*ty nnxlilics 
and may most firofoundly change the chaiactcr 
of its units. Now, as wc shall shortly s(*c, a. 
society is not an ctui in itself. The only n*asoii 
for its existence is that it provides conditions 
for the prodin^tion of worthy and happy life in 
individuals. VV/m/n/c, tht' one .sole nilerion htf 
which (('ll .sorldie.s tire to be jnihjed i.s their e/lcct 
ufxtn huoimi uoturc awl the conditions of life for 
the indiriduat. 

Here, then, arc our propositions dogmatically 
stated ; tln‘y an* among those* truths which have 
only to lx* stated to find immediate accepiaiict*. 
The kcff m .s(friolo(jif i.s hionan nature. Kretfi 
kind of sin ictp that was, is, or will lx*, whether 
large or small, ancient or modern, barbaric or 
civiJis<*<l, military oi* industrial, aut(x*rati<; or 
tiemocratie, tiominant or servile, ju’ogrossive, 
stable, or rcti'ogressive, depends for its characiera, 
one and all, iijjon humaui nature, ujjon the. indi- 
vidu(U, subjectice, personal, spiritual, moral and 
intellectual characters of the individuals who 
comtMt.sc it. 
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The Way to Use a Churn to Secure the Best Results. Good and Bad 

30 

Butter. The Butter-worker. Making up Butter for the Market. Prices 
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By Professor JAMES LONG 


Forms of Churning. Tlioro aro on tho 

Kuropoan market nearly 150 varieti“H of eliiirns, 
of wliicli many are modifications of well-known 
types, a few comparatively new in some feature, 
and the majority but re]>r(Kluetions, more 
skilfully finished and e(iui])ped, of churns which 
w'er<i us4*d from half a o ‘iitiiry to a c entury ago. 
A good churn should contain as few angle's a?* 
possible. If bmtcTS be usc*d, although thc'y a.re 
quite unnecessary, giving addi- 
ticuial trouble and sometimes pre- 
v'onting pc'rfc'ct eh*ansing <)f th<‘ 
interior, they should nut bc' 
fixed. The opening of the mouth 
should be large, to facilitate tlu' 
cleaning or removal of the* but ler : 
tlm lid should be simply and 
skilfully constructed tluit it may 
be fixed easily, quickly, ;ind pr<'- 
veiit the escape of cream ; therc^ 
should bc^ a ventilator, and a tiny 
window of glass, ANhilc' the size 
of the churn should be specially 
a(htpt.ed to the work it is iii- 
tc'ndcd to pc'rform. 

(Ihurns are made in various 
forms. Some are barrel -shaped, 
others square, rectangular, eradU*, 
or millstone shaped ; indc'c'd there is searc'ely any 
limit to the form Avhieh tbc'y now assume in tlu^ 
hands of manufacturers [27J. The barrc'l-shaped 
churn is x>c'rhai)s thc^ most p()])ular — we refcT to 
that which revolvers (‘nd-over-end — for the reason 
that it contains no beaters, and that the lid 
is large and the ojM'iiing eoiTc*s]K)ndingly so [25J. 
I’ho best utensils arc* niad<* of oak, polislu'd out- 
side, and skilfully tinished. The chief s>'st('ms 
adopted by churn makers are: (1) (burns 
fixed with movable* lieaters or dashers within, a 
type common in Denmark, Sweden, and ( h-Tiuany , 
iwid re[)ri*sc'nted by the Holstein churn, which 
permits of the ecisy nmioval of the butler ; 
(2) revolving churns with fixed Ix'aters, sonu^ of 

which art? remov''- 
ahlt' tiiroiigli the? 
mouth ; b'l) revolv- 
ing eliurns Avilliout 
beaters or diishors ; 
ami (4) the lived 
churn, w ilhin whieJi 
a disc revolves w it li 
great rapidity. 

Although the* end- 
ovc'r - end barri'l 
churn is pojnilar for 
the rea-ioiis already 
givc'n, there is pro- 
bably no ( hum in 


the iiiarke't whiedi docs hclteT work than tie* 
Holstein. In good hands, liow ever, good but te'reau 
he produc'cd ami a minimum quautily of hutti'r 
fat le'ft in the* hutte'rmilk in ;uiy W't'll-madt* churn. 

What the Churn Does. Tin? object 
of elmriiing is to extract the fat from the 
ere*am in the' form of line? granules [28], 
which, hy w'»ishiug. ciui be made uj) into 
swe'i't. well-keeping butter. Wlieit? l)uttcr is 
over-ehurm?d [29], or eliurm*d into a 
liinij), it is practically spoilt'd, for 
the butlt'rmilk, which contains 
im])uritie‘s, cannot be exlractt'd. 
If churning, hnw(?v(?r, ee'ast? when 
the butter has bn then, as it ix 
tt'rmed, intt> granul(?s about tin? 
sizt? of gre.ins of rice*, the w'ashiiig 
which follows removt's tin? butter- 
milk, and consequently tin? casein 
and sugar that it contains. If 
tile tern j>erM.t lire? of the* e ream bt? 
too high, tln'se gnuiules are soft, 
and adbere to t'acli othe'r, and thus 
prevent perfect washing. If tin? 
granuh's an* tco small, like grains 
of mustard s<‘e?d, for exampk*. 
Wivshing is still dillieult ; henet* 
tin* pre'tVreneeof skilk'fl mak(?rs for 
the? sizt? w hich has hee'ii menl halt'd. Tlit'rt? must 
Ik? no gn'asiiu'ss ; on tin* eontraiy, hy skilful 
mauipuiatioii and the aid of vvvy ctihl watt?r, tin* 
riet'-lik'* grains may be rendert'd lirm and eiiq), 
and perfect washing facilitated. No proet'ss of 
churning tir wasliing, howi'vt'r, will t nalilc tin* 
most skilh'tl t>f makers to iiroduet* good butter 
from iiiqu'ilVet milk t)r ert'am. 

How to Use the Churn. The eliiirn 
.should never be lillatl tot) full of e rt*ani ; 
m)t, indt*t?tl, mtu t* 
than one half. 

Tlu? largi'i* the* 
tl u anti t y o f 
eream ])!aeeel in 
the churn, tlu* 
lt)ngt‘r tlu? tirm* 
occupied in brings 
ing the huttt'r. 
while* tlu* smaller 
the? (piantit y, the 
shorter tlu* 
tiiiui oe.eu- 
pie*d. V o r 
instanee, in 
a eh urn in- 
tended to 
dt'al with (>t) 
lb. t>f eream, 27. DiArn'ivtJW cjiukv 

IG lb. pro- (Poiul A l-t't, liliiTKiUrd) 
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26. DELAITEtrSE, OR BUTTER 
DRYER 

(Dairy Supply Co., Ltd.) 
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flnci.il butttT in 28 miniifo : wlu n <[oublt* iIk' 
quitnlitv of rrc'ani wa:; iliurntd, minutes 
iven^ occupied ; and when four times the cjuaii- 
l ity of cream were used, 85 minutes were occu- 
pied — the percentagi^ of h\ittt‘r prod\iccd being 
slightly smaller witli the increase in the quantity 
of cream, (^n ani, Ju)U(‘V<‘r, lilo-; milk, (loes not 
a-ll churn alike ; something depends upon tJi»‘ 
indivitluality of the cow . an<l something upon 
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th(‘ l(K)d (<msum(‘d. Speed. 1<»>, (“.\erts som<‘ 
inlliusicf , a.nd, a.s we Jiav(‘ s<‘en, the quality of 
cream eitiployed. 

Influence of Cows* Food on Cream. 

W(‘ liave much yet to learn as to why the 
en'aiu of oiM' cow is moi<‘ ehmnable than that of 
a,notU<T, and also why eream ])HKlueed from 
some elasst‘s of food is luori^ eliuruable than 
that i>r(Hiue(‘d from otluMs. ft is, how<‘ver, 
w<‘ll know?j that wlnse cows ar<^ fed upon grass 
in siimiiKS', th<‘ pcs'centag.* of fat obtained in 
ehurniiig is great<‘r than wJien Die same animals 
ail'- fed upon liay and ecrlain other dry foods 
in w int<‘r. 'riie spei'd adojiled in ehurning ve.ries 
with th<' ehurn and its size ; th<^ inimher of re- 
v<»liitioiis pel- minute sliould b(‘ noleil, togetlu'r 
witli tln‘ ri-siilts w'hi<‘h follow . and th<‘ earefiil 
operator Avill quiekly leai n what speed toadojit. 
VVith tlie disc elnirn, butter may produeed 
in live minutes; indeed, uith almost- any class 
of eliurn lapidity is followxal by tlie ]ir(xluction 
of tln‘ butter in ;i. shorter time, lint sometimes 
at- the exjK-nse of eitlier quMlity or <piantity. 
VVith th(^ average eliurn. buiit'r is produced in 
from ild to td minutes, the nnniluM- of revolutions 
vaiying from 45 to 55 per miimti-. 

Modifying the Temperature. We 
liaM' alreaih' i-i'ferred to tlie iiilhieiiee of tein- 
pi-ratun*, Imt, wliatever iigure he adopted, 
it cannot lx* moie tliaii approxiimite, for the 
jva>xm tliat tins fats of which butti-r is ooni- 
po.stsl {ir(‘ not all constant in (piantity ; the solid 
fats, tor examph', vary a-^ belwe«*n winter ami 
summer, and these- fats possess dilfereiit melting 
points. 'Phe iiilliu'ueo of lemperalurc is also 
modilii'd by Die mati'i ial of which the eliurn i.s 
nlad<^ tJie consistence or richness of thci eream, 
and Du tmnperature of the ch^iry in which the 
work is jM'iformiHl. A higli temperature must 
alwavs bo avoided, if it be sullieient to prodiiee 
an approximate oilirw'ss in theeri'am. If eliiirn- 

4280 


ing be protracted and tlice-ream swell in volume, 
or frotlis, and become bitter and “sleepy," 
ehurning should be stopped, and lialf the cream 
ri'.iiioved before beginning again ; w hen both lots 
have been eonviMtod into hutter, the butter 
sliould be waslied with sweet milk, and saltixl 
with half an ounce of salt to the pound. 

What Occurs inside the Churn, 
Before iH'ginning to eluirii. the vessel should 
be scalded and brouglit as near as ])ossible 
to the tempiTatun' of the eream. Jf the teiii- 
jieratiire be, liowever, too higli, it may be redii(‘ed 
with cold water ; or, if too low , by scalding again. 
Xeither soap nor soda should <*ver bo used to 
clean a eliurn. After starting to (-hum, the gas 
within (earbonie acid) sJioukl be allowi'd to 
esea})e )>y prc.sHing the viMiti la-tor. Steady work 
shonlil be continued until Du^ butter breaks. 
'Phis may be noticed by A\ati4iiiig the glass 
of the window, or by listi-uiug to the splasjiing 
of tiu' erc-ani, whieli cliaiiges from a dull thud to 
something like; tlu* splashing sound of a\ ater ; 
while the glass, hitluTto eoverKl with a iilm of 
<-ream, becomes almost clear, and tiny grains of 
butti-r may lx- noticed adht-ring to it. At this 
point tlu* blitter should be examiiu'd, and, unless 
tlu* grains lx* cpiite distinct and crisp, a little cold 
water, as n<‘ar 40 F. as possible, may be addixJ. 
Tlu* churn may then be turned gently for a few 
revolutions, in ord(‘r to iner<*ase the size of the 
gni-ins to that of riei* or small wheat 128|. 
When this point is reached the Imttermilk may be 
draw nolt through a sti aim*r, and more cold water 
added for tlu' first washing. If the temperature has 
reached 58^' J<\ to titP’ F. ilie- eoldiT the water tho 
belter. TJii^ eliurn may Dien be rooked and the 
water draw n otf through t he sieve. Two or throe 
.similar wa.shiiigs may follows rocking each time, 
until the water eoiiu's away quite clear. The 
work in Du* eliurn may then bi^ completed by 
washing with brim* ma-de by adding one ]X)uiid 
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of dry salt to 1 gallons of water. After diaw ing 
oil Die brine, the grains of butter maybe removed 
from the ehurn with the butU*r-scoop, either on 
to a wooden trougli which some persons use 
for draining purposes, or to tho biitter-wwkcr, 
wliere it may remain in a pile in the grain until it 
has drained sutfieiently to be ready for working. 
Some makers, however, remove the granules 
of butter into a Dclaitemo f26], a- hand machine 
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whioli, rf?v()lvi!ij< at liigh spird. removVs tlu* 
water l>y centrifugal force. 

The Butter - worRer, The butter- 
worker is made in two forms — circular [Slj aiul 
rectangular, its floor being cither high or lo^^ 
in the centre in the casi^ of a circuhu- nuu^hine, 
or sloping from the centre to the ends in tlu' rt‘et- 
angular machine to help drainage* ; 
but in either case a fluted roller [30] 
passes over the butter, sq\icezing 
out the moisture, and at tlu^ 
saiiu^ time making the mass 
of grains homogeneous. Can* 
must he taken not to smear the 
hutt(‘i‘ or to eause friction, which 
results in spoiling the grain, nor 
must hutter be worked wluai it is 
too soft, or upon a tabU* which has 
not been prt*paied hy scalding, 
salting, and finishing with 
cold water. 

In making line, fresh, mild 
hutter, brining alone is sulVi- 
e ieiit. Foi’ mild salting, j oz, to 
I lb. is added by the* aid of a 
elredger when Ihe^ hut tea* is on 
the worker. Slightly heaviea- 
salting is the result of ^ oz. to I 
Ih., while for jireserving j)ur- 
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salt use‘d should he of tin* purest ol)taiiial>le. 
ground almost, as line* as flour, and w (‘II dri<‘d in an 
oven. Salt attracts moisture, and wlitac* e.xe(‘ssiv(^ 
moistim* is pivsent in hutter coarse salting is fol- 
lowed hy a inottl(‘d a])pearan((‘, which naiders 
hut tea' almost unsaleable*. Butter should ne‘ve*r he* 
artitieally coloured. If it he pale it may he im- 
pre»ved l)y the^ 
addition of Jer- 
sey or (luernsey 
cattle*; to the herd. 

Handling to 
be Avoided. 

In nmkiiuf vp 
b u 1 1 e r 1 30], 
p r i n t s a n d 
moulds ai'e* no 
longe*!' used in 
this (country in 
the ordinary way, 
although epiile* 
common on the* 

(*ont incut, where 
butter is mrailded 
by implemeajts or 
nuichines, wliieJi 
at the same* time* 
e ut it inte^ various 
weights. Knglisli 
hutter is usually 
made in pound 

or half-pound roils, although oeeasioiially these* 
are.* stamped. JIutter should never be touelK*d 
hy the hand. It is a well-known fact that tlie 
pores of the skin are tlie inodia through wdiieli 
])ors])iration passes, this being secreted hy glands, 
and containing not only carbonic acid, but small 

(.^miiinued 


lU TTKa 

Iv Hldnii) 

(be* (h*rbe‘i 
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(piaiititie*s of un‘a. In potting or preserving 
butter, we*ll-mad(‘ tubs or b()xe*s, which should 
he lined wit h greeist'.proof pape*r, or glazed earthen- 
ware ve'ssels sliould he use'd. Bultei* for pre*serv- 
iiig sliould he churned at F., well ehained, 
drie*el, saluki with thr(*e*-epiarters or one ounce of 
salt to the yioiind, and paeke*d carefully so that 
air is e'xelude*il. If it he* k(*])t at from Jo F. to J7 
F. it will ke*ey) w'e*ll a,iid long, hut gre*at care is 
iieeesseiry from the* he'giiiuing to liie (•omple'tion 
of the ])*roe*ess. In judging liutte'i’, llavour take's 
the lirst ])lace\ followed by grain and touglmess. 
and lastly hy colour and tirmne'ss. Where points 
are* adopt e*d, half an* given for 
lla.vour and a. ((uarte*]' for grain. 

Prices. 'The value* of 
milk for hutter proeluedion 
dejM'iids u|K)ii its richness 
in fat . The pracl ice* of flaying 
the* farm'*!' ujion the basis 
of (piality is not only a, just 
oiie’i hut it olVers him aii iu- 
duee'iiH'ut to improve the 
epiality and eha.raete‘i' of his 
he*rd. The* milk as it arrive's 
at the dairy or factory 
^h^uIlel he sample'd and lesle'd 
e*it her’ daily or we'ckly, in the* 
la.tt(*r e-ase through the 
medium of a eornposili* sei-mple* 

• Babcock maehiiie. and the 
farme*!* ere‘dite*(l with the yx're e'ntage* of fat which 
liis milk e'ontains, arid he* she add be* yiaieJ ai*- 
eordingly. Let us supyieise* that tlm*e* lariners, 
.\, B, and (\ supply milk in similar epiant it ies 
for a similai* period, ee>uta,iiiing le spe'cl ive*ly J, 
J.l, and I pe*r ee'iit. e)f fat. Iiisteael of e*a.eh man 

ri‘et‘i\ ing ei simi- 
lar' eheepie, B 
w ear Id re*e*eive* 
one-si.xth more 
than and (■ 
eare*- third more. 
1'lui.<, if od. ]>(•)' 
gal leal were yiaid 
fea’ milk contain- 
ing J ])e*i’ ee*ut.. 
liel. for milk eon- 
taiuing pe'i' 

cent., anel 7d. 
for that contain- 
ing -4 ]>er e*e*rit. 
e»f fat, e'aeh 
man sending Jtr 
gallons per day, 
ea', say, KUHMt 
gallons ]) e r 
annum, B would 
obtain £41 umie* 
than A, anel ( ' £SJ 
more. The^ sys- 
tc'Ui of jiaying em the basis of fat peree'irt.ig'', liow- 
e*ve*r, may he vari(*d, so that eaeli farrtici iiiay re- 
ceive payment for each yiouiid of fat v\ lue li he sup- 
plies ill his milk, the quantity bring eedeuiated on 
the basis of the fat pereentag*'. He'form in this 
direction is much nce‘de*d. 
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GEOGRAPHY 

RESOURCES OF SOUTH AMERICA 

30 

Mountains, Forests and Grasslands. The Great Rivers. 

Coiitliuii'd frmri 
|)ago 4 1 “X 

Resources and Occupations of the Various Republics 


By Dr. A. J. HERBERTSON. M.A.. and F. D. HERBERTSON, B.A. 


COUTK AMERICA (7,000,000 sq. miles) ex- 
^ tends from the Isthmus of Panama to the 
southern extremity of the New World. It is 
longer than North Aimunca (4,(i00 miles l>ctvveen 
(Japt^s (Tallinas and Proward), but not so broad 
( 3,200 miles botvv(H‘n CajK's Parina and Branco). 

Coast Line. Tla^ I^icitieStat(*s are Colombia, 
Ecuador, Peru, and I'hile. 'Die Caribbean n States 
are Colombia and Vencv/uela, and fartlier t‘ast are 
the British, Dutch, and Ereneh Colonies of 
(hiiana. The eastern or x\tlantic States are 
Brazil, Uruguay, and ArgciUtina. '^Phe inland 
States arc Rolivia and l*araguay. All are 
rijpublics except the British and Dutch (Juianas. 

Gulfs and Islands. The compact form 
and sliort coastline contrast strongly with the 
indtuitcd shape anti extensive coastline: of North 
America. Notice tht‘ absence of inlantl .stsis, 
gulfs, peninsulas and islands. 'Pht* .southt'in 
coast of ('hile is fringed uith islands a.nd indented 
with fiords recalling the vtuy similar coast of 
Norway. The island of ^Pierra del Fuego is 
separated from the southern mainland by 
Magellan Strait, a stormy channel leading from 
the Pacific to tlic Atlantic, Farther out in tin? 
Atlantic are the Falkland and South (Icorgia 
Islands. 

Mountains and Rivers. There is a 
marked similarity in the dispositioi\ of the 
mountains and j»lains of Noitli and South 
Am(?rica. South America, Iik<j North America, 
is bortlered .along tluMvhole lengtli of the Paeifit; 
coa.st by a high, broad mountain system (tonstst- 
ing of many parallel cliain.s. Tln'se are the 
And(?s. or South American Cordillera, corre- 
sponding with th<? North American Cordillera. 
From tlieir (eastern base stretch vast plains, 
covered with forest or grass, corre.sponding witJi 
the central lowlands of North America. East 
of tlicse great lowlands rise the Atlantic High- 
lands, also corresponding with those of Nortli 
America. '^Phe Amazon, which corresponds in 
})osition with tlu^ St. Lawrence, separates the 
(tuiana Highlands, comparable with the Labrador 
Highlands, from tlu^ Brazili.an Highlands, com- 
parable with the Appal.achians of the United 
States. The ditVerent shape of South America 
}>rev*ents the formation of a south- flowing 
rivi'r on the scale of tlie Mississippi, with 
which tile J^iraguay- Parana corresponds. The 
Orinoco, both in fH>sition and dire(?tion, .suggests 
a comparison with the Saskatehewain- Nelson. 
Interesting as tlu'se resemhlanees are, they are 
more superficial than real, and must not ho 
pushtol too far. The fact that the southern 
oontinout is broiidest in the latitude of tho 
('quatoi while the northern continent is broadest 
in the latitude of London sufficiently indicates 
how widely the two continents must differ. 
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The Andes. Ihe strmdure of tho South 
American Cordillera, or Andes, is not yet 
thoroughly known. Fitzgerald, VVliymper, and 
(dnw'ay have climl>t‘d tlie loftiest peaks, but, 
brilliant as siuth feats art% they teach tho geo- 
grapher less tJian does tJio careful survey of a 
region area l)y area. 17ie nature of tlie Andean 
region maktss fliis ])ro(!e,ss a slow^ one, and it will 
probably be long before we know the South 
American Cordillera as we know' that of North 
America. 

The Coastal Ranges. Tlie coastal ranges 
of South America .are not continuous. In 
<\)l(>mbi.a tliey form a dimsely-forested and 
little-known region, which is separated from tho 
(\u<lil!<‘ra juoper by a <lepri‘Ssion in which the 
Atnilo flows nortli and the San Juan south. 
Further soutli in Ecuador this depression is re- 
p?*<‘sented by tho valk?ys of Western Ecuador. 
From (luayaquil to Ariea the coastal range is 
alhsent, but south of Ariea it reapjX'ars, the 
Atacama J.)esert occupying tlie dequession 
Indween it and the (Vudillera. Soutli of Acon- 
cagua it can be traced in tho mountains which 
form the w'(?stern,boumIary of the narrow' valley 
of (Uiilo. South of 12® tin? coastal range is 
nqiresented by the islands of Cluloe, ('honos, and 
Queen Adelaide, and the depression by tin? 
ehannel which separates them from tho deeply 
horded coast of Southern Chile. 

The Andes of Colombia. In Colombia 
the (’ordilleran .system consists of throe eiiains, 
.Mefiarated by long, narrow, parallel river valleys. 
These chains diverge to the north, but converge 
in the south to the node or knot of Pasto. 
Betw'ccai the Western and Central C'Ordilleras is 
tho valley of the Cauea, an affluent of the Mag- 
dalena, wliiidi flow's parallel to it between tlie 
(\?ntral .and Eastern Cordiller.as. The highest 
part of the Ctmiral Cordillera, is in tho south 
w hen' the great volcanoes of Tolima and San Ruiz 
rise to 18,(M)0 ft. Tho Eastern or Bogota Cor- 
dillera, Avhieh is not volcanic, forks, the western 
fork running due north to the Sierra d(? Santa 
Marta of the Goajira Peninsula, while the 
eastern fork is sueeceded by the Sierra do 
Merida (1,5,500 ft.) and the northern coastal 
I'ange of Veiu'zuela. 

Many fine views lire obtained from summits 
in tho Colombian .Andes. From the mountains 
above Bogota a magnificciiit view' is had of 
Tolima and San Ruiz, nearly 100 miles to the 
W'cst, their great frozen sides glittering under tho 
tropical sun. 

The Andes of Ecuador. In Ecuador 
two main chains can lie traced, both containing 
many lofty volcanic jieaks. In tho w'estern 
chain are Cinmborazo (20,500 ft.), Uliniza 
(17,500 ft.), and many others over 15,500 ft. 
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Tho eastern peaks ineluck^ (!oto])nxi (P.KlMK) ft.), 
Antisiiiui (lJk30() ft.), (^ayainbe (in,2(H) ft.), 
Snngai (17,5()0 ft.), and otlua-s almost as high. 

Volcanoes. Sangai and Cotopaxi are 
seldom fit rest. All this region, as well as 
(^)lombia, is often visited by (lisaslrous eartJi- 
cpiakes. 

Tlie snows of the Kasteni (‘ordiileras of 
(lolombia feed the many streams which rush 
down fireeipitous and densely- forested gorges to 
form the tributaries of the Orinoco. Onlythc^ 
extreme south of tlu* Colombian Cordillera, sends 
its waters to the Amazon, to wliieh also flow the 
AvatcTS of the Eastern Cordilleras of Ecuador, 
thiough scenery ecpwilliiig the finest parts of 
the Himalayas. 

The Andes of Peru and Chile. 'Ihe 
Andes in Pei’u form three c hains, which increjisc^ 
in h(‘ight from north to south, llu'se are sepji 
rated by narrow river valleys recjilliiig those 
of Colombia. Ih^tween the' Westei ri and Central 
Andes is tho valley of tin* Afarahoii, the princ‘ipal 
headstri'am of thc^ Annizon. The (\aitral Andes 
;iro separatc'd from the Eastern Andes of Pctu by 
the valley of thc^ Huallaga, which flows pa.ralk*! to 
tho Maraiion, find like* it.go<‘S to form t lu^ Amazon. 
Both turn east and break through th<» <*astc‘rn 
chain in magnificent gorges. The thrcM^ range's 
converges towards Pasco, near the source of the 
Huallaga, south of Avhich tlu^ lu'ight of tho p(*aks 
increases. Th(% Ueayali, a tributary of tho 
Amazon, gathers up tho many streams whieh 
floAv from tho Efist(*rn Andos through densely 
forested and little-known eountry. The (*fistern 
or Cordillera Bc^al now begins to diverge from thc^ 
westen’n, and between tlu^ two lies the lofty 
))latefui of Bolivia, the 'iMbet of tho Andos. Poth 
chains (‘ontain lofty peaks. El Misti find others 
in the', western chain are not far short of 2(),(KM) 
ft., Avhilo Illimani and Sorata in tlio Cordillera 
Kejil fire over 22,tl0() ft. 

The Andes of Chile and the Argen« 
tine. In tho north of t!liilo and the Argen- 
line, the Andes form three ranges. The eastern 
chain is divided from tlu^ (Central Andi'.s by a 
plateau over 4,000 ft. above thc^ sea. These* 
three chains are replacied by the v ostern coast al 
and main or (‘astern chain further south. This 
main chain contains the highest, peaks, iricludiug 
Aconcagua (23,000 ft.), tlu^ culiuiiiating ])oint 
of the NciW World. Though Aeoneagufi cfiii be* 
c’learly scum from the; PacMtic cofist, its snows feed 
streams which flow to the Atlantic, 7t)0 miles 
away. 

After ewery kind of luirdship, the summit 
of Aeoncagua was reached in 1S07, find the 
camtinont lay spread out. below. “ The line of 
the Pacific! stood liigh on the horizon, strc'tching 
fiway for 1/50 miles. Range .ifter rfingc! of 
mountains could be clearly seen behvecn Acon- 
cagua and the ocean. We sc'emed to look right, 
down into the valleys between these langc^s. 
Fifty miles away stood the great snow' imiss of 
Mercedario, one of the highest mountains in 
the Andes, towering above all the surrounding 
ranges. Of the pampas, or plains, of the Argen- 
tine wo could not SCO anything ; there Avero too 
many high ranges bedAvoen. To thcj south the 


clouds Avc'ic* not liigh (Mioujjjli U> cut otf tho 
magiiiti(*i*nt vicAv of Tupungato (22,00(1 ft.) and 
the great range to Hit! north, including tlu! 
beautiful jietiks of Pollera (10,000 ft.), NaA^arro 
(10,r)()0 ft.), and Juneal (20,000 ft.), Avhicli so 
distinctly mark the bomuhiry line! b(‘t\ve(‘n the 
two ivpublics.” To the north tli<! Coi clilK'VJis 
Avideii out, until at Ifit. 32 ’ 50' they riser up from 
M(‘iidoza and continue almost, to the sea coast, 
a distance of 150 milc's. 

The Cumbre Pass. At tlu* base of 
Acoiieagufi is tin* ('iimlm* or Uspallata Pass, 
12,800 ft., I(*ading from (bile to the Argentine, 
'rimre is no ])fiss so low as this for many hnndrcHls 
of milt's to thcr north. It is th<^ route followc'd 
by the traiiseontiiicntal liner from Biu'iios Aire's. 
A tunnel beloAc the summit, of tlic' pjiss is in 
('ourso of construction. 

The Andes South of Aconcagua. 
South of the (Uimbnr Pass the Aneh'S arc 
narroAver, but. still A't'ry lofty. Tin* liie'at. plain 
in AA'hich Santiago is situated is not more* tluin 
45 mile's te) the Avt'st freun Tii])nngat(^. 'riu'se* 15 
mik's are hik'd with range' after range* of high 
mountains. Freun the* top of 'rinntngalee e'Mst- 
Avards, a. man can loeik doAvii almost, into ther 
givat plain e^f the* pampas. 

Seuithwards the* range! sinks as avcII as nariows, 
te) disappe*ar at. last be'iU'a-tU the! Ava.t(*rs of ther 
eieean. The* mountains rise* ste‘e*ply from ther 
Paerilie*, and the sea. has pt'iie l rati'd fai* ii[) ther 
valleys, forming fiords like* tlioser e»f British 
Pohimbia. lleyond Hers a fringe! of islands, 
re*pr(*seuting the' almost snhnu'rge'd e'oast range*. 
At the! ('asterrii side! are many pie*ture‘sejii<! lakes 
which re'call those of SAvitzc'ilanel or e>f vSe'ot laneL 

Central Lowlands and the Orinoco. 
'Dier (A'ntral Taiw lands maybe' groiipe'd as ther 
Orinoee) Le)wla.nd, tJie! Aniazem Lowland, the* 
Plate! or ikiraguay-Parana. Leiwlanel, and the* 
Patagonian jilateau. Be'twe'e'ii the* Orinoe ei and 
Amazon l.eiwianels rise' tin* (hiiana Highlands in 
thee'ast, while* the* Brazilian Highlands se'[)arate' 
the Ainaze)!! anel Plate* Loan lands. 'Pher Orineice) 
rise's in the* Sie'iM a Parime*, the semth-we'st part e>f 
the Huiana. H iglilands, reainel I lie* AN'e'ste'i n and 
iiortheTii base* e)f Nvliich it. thevs in a. se inicircular 
e'ourse* eif LotMl mik'S, the.! dire'e-t distaiie'e* In’twe'e-n 
ils soniTo and mouth be*ing only 50(1 miles. 

The trave'ller a])[)re)aehing the! e'oast of Ve'iiev 
zuela. iie)lie*e*s fa?’ eiiit te> si*a I he* milky wa-te'rs e>f 
a great, rive'r, sharjily e-ont lasting with the hint* 
salt Nvatew. This great eiutfleiAV^ eif fre*sh water 
j-emviuce'el (Vihimhns of ther iU'ighl)e)Uihoe>d of a. 
e-ont iiu'ut, for no West- Indian islanel cemld feed 
se> great a rive'i*. Six ea* seve'ii eif the* 7tl e-lianne'ls 
Avhich cross its de*!ta. are! navigable. A Avaste* 
of TiiangroAC's fringes tlu! e;oast, sncec'e'de'd inland 
l)y a labyrinth of ve*g<‘tat ion, through w liose 
iiinumeralili* cr(*(‘ks deirt the! e'anocs eif h.-dl- 
naked Indians. Beyond the SAvarnp-feac''! e>f 
the delta theroenintry oi^ens out on ther west hank 
to the grassy llaneis, Avhieh strete*h to Hm- lien izon, 
appan'ntly level, but really rising imju'ierept ibly 
to the forests, or seK'as, at tlw caste'in ba-«c, ot 
the! Andt!S. 

Tho grass is ve*iy luxuriant in the wet .season, 
but. withers in the"! dry season, Avlien tho vast 
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herds of cattle, liorBcs, and mules, suffer terribly 
from hunger and thirst. 

The tributaries of the Lower Orinoco arc the 
Caroni and the Caura, swift streams rushing 
down from the densely-forested wilds of the little- 
knoMTi (hiiana Highlands. Between their eon- 
fluences the Orinoco narrows, and there, at tlie 
head of tidal navigation, is built Ciudad Bolivar. 
The Jx)wer Orinoco becomes enormously SAvollen 
in the rainy summer months, and hoods the 
lowlands for many miles. 

Quite different in character jire the left bank 
tributaries — the Meta, Ouaviare and others, 
which conn? from the Eastent Andes across the 
llanos. These are navigable for liundreds of 
miles, though in the dry season sandbanks 
may interrujjt thc^ channel. I^lie Orinoco its<‘lf 
in navigable as far as th(‘ Atures and Maipures 
rapids, above the eontlueno(‘ of the Meta, 
where tlu^ rivei’ descentls from tlie highlands to 
the lowlands. Th<»se rapids are a step-like 
series of cascades where the riv<T, measuring 
some miles from l)ank to bank, is broken into 
innumerablo narrow channels by rocks and 
islands all demsely clothed with palms and other 
tvo])ical trees. 

The course of the ll}>])er Orinoco is tliro\igh the 
forests of the (luiana Highlands. At no great 
distance below its source the river forks, '^fhe 
Cassiquiari, the wcst<‘rn branch, never rejoins the 
main stream, but eomiocts Avith tin* Negro 
tributary of the Amazon. 

The Amazon. Tin* Amazon, the largest 
river in tin? Avorld, ris(*s about 00 miles from the 
Pacific, and after a course of n<‘arly 4,000 miles, 
))ours its waters into the Atlantic. Its longest 
head-stream is the Ucayali, l)ut the Maranon is 
g4*ncrally regarded as the source. IkUh the 
Maranon and the Huallaga rise in the IVruviaii 
Andes, near Cerro de Pasco, one of the highest 
toAvns and richest sih^er mines in the AAorld. 
Both floAv north, descending from th<u'r lofty 
soui’ces in a series of cataracts and rapids. 
Both at last turn east and break through the 
outer or eastern Andes to the loAvlands, forming 
magnificent gorges, through which the riA^er 
roars in cataracts of terrible beauty. Soon after 
entering the loAvland the rivers unite, and, after 
receiving the Ucayali, are knoAvn as the Amazon. 

The Amazon Forest Lrowland. 
Nearly fill th<* Amazon Lowland — an area three- 
qiiartors that of — is coA’cred Avith dense 

forest, or jnelm. No traA^olh*!' can de.seribe its 
wonders, the Juxuriaiiee of its vegetation, and 
the profusion of its species. In it one may 
journey for weeks in any direction Avithout ever 
passing out of the Avorld of trees. The eye 
itself cannot take in tin? Ausion. “ The whole 
gloiy of these forests," sa3'^s the great naturalist 
Wallace, " could only h(? seen by sailing in a 
balloon aboA'e the undulating, flowery surface. 
It is, indeed, a magnificent sight to behold a great 
tree covered with one mass of flowers, and to 
hear the deep hum of millions of insects gathered 
to eiijoy the honeyed feast, but all this is out of 
reach of the admiring naturalist. It is only by 
the river banks that aac can see all the beauty" 
of the tmpical vegetation. There w^e find a 
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mass of l)ushes, shrubs, and trees of every height* 
rising over one another, all exposed to the bright 
' light and fresh air, and putting forth within reach 
their flowers and fruits AAhich in the depth of 
the forest only grow far up on the topmost 
branelK‘8. The huge buttress trees, the fissured 
trunks, the t^xtraordinary air roots, the twist(xl 
and Avrinkled creepers, the elegant palm.s, are 
what strike the atUmtion and fill the mind with 
admiration." 

The Middle and Lower Amazon. 

Through this vast forest, tie.' greatest in the Avorld, 
floAvs the Amazon and its mighty tributaries. 
Of those from the north the Rio Negro is the 
largt*st. Purus, the long Madeira, Tapajos, 
and 4V>eantiiis all et)me from the south, so that 
t!u‘ stream of the Amazon is fullest during tie* 
southern rainy seasons. The main stream is 
often mil(‘s in AvidtU, bearing many verdurous 
islands on it.s broad bosom. It breaks u]) into 
maiy parallel strt‘ams or side ehanm'ls, along 
which <»?u‘ might travel through the dark re- 
e(‘Kses of the forest for many hundrixls of miles 
without CA'tT ndurning to the main stream. 
Along these, Indian triljcs avIio make the forest 
their hoin<‘ ])ush their way in their rude canoes. 
<bi the main strciiin there is regular steamer 
navigation. Tlu' main stream is navigable 
to Avliere the Maranon issues from the oast(M*u 
wall of the Andes, and most of its tributaries 
almost to their souret's. The Madeira, the most 
important, is navigable to the base of the 
Bolivian Anders with a break where there is a 
sueeessioii of ra})jds. 

Tlie Amazon does not form a d<‘lta, bnl a great 
estuary, \>hieli for the last ‘ioO miles is 50 miles 
Avide. and at its mouth as much Jis 500 miles. 
Up this funnel the Atlantic tides rnsh for TiOtt 
miles, ofttm Avith great AUohMiee. forming for- 
midable Avaves. 4'lu* inflnence of the riv(‘r 
freslums the sr*a water for 150 miles out to S(‘a. 
Steamers enter tin* Amazon by tlu‘ Para River, 
.south of the island of Marajo, through narrow 
and intricate w inding ehanncls. 

Resources of the Amazon Basin, 
mie products of the for(‘st are too numerous to 
b(* mentioiu'd. The most important is rubber. 
Tilt* tinilier Avould be of <*normoiis Auilue if it 
enuld be eonveyt*d to tlu* markets of Europe and 
Asia. The jcgion Avill develop either by the 
sloAv growth of small plantations, carved out of 
the forest by the natives with infinite labour 
and patif'iiee, or by trading syndicatt's Avhich 
w ill ut ilise the t imber in the course of clearing the 
foiest, and emjiloy iiativt*. labour for all Avork 
iiu^olving exposure to heat and rain. 

4’he important towns of tlie Amazon arc all 
at the eonfluenee of important tributaries - 
Naiita, Avliere the Ucayali joins the Marafum; 
3ranaos, at the eonfluenee of the Kio Negro. 
commanding many'^ routes ; 0 bides, at that of 
the Tromhetas ; ♦Santarcin, at that of the Tapa- 
jo.s ; and Para, at that of tlie Tocantins. 

The Plate Lowlands. If the Amazon Loav- 
land be a typical forest land, the Plate Lowland 
is a tyqiieal .savana land. Tlie Paraguay, the main 
stream of the rivnrs flowing to the Plate estuary, 
rises in the plateau of Matto Grosso, in the 
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Brazilian Highlands, and flows due south, 
receiving the Pilcomayo and other tributaries 
from the Andos. These cross the Gran Chaco, 
with its forests and plains of grass dotted with 
innumerable fan-palms, and then emerges intt» 
the treeless pampas. Tlioy pass tlius through 
country similar to that cTossod by the Meta 
and other Andean tributaries of the Orinoco. 
This region, like the llanos of ♦South America, 
the prairies of North America, the steppes of 
Euro])e and Asia, and parts of the veldt of 
South Africa, is a great pastoral land, broken 
up for cultivation in the moister richer parts. 
Mounted horsemen, the gauchos, gcmerally with 
Indian blood in their veins, follow up vast 
herds of cat-tio and horses which roam over the 
infinite reaches of the ])ampas. 

'The Patagonian jilateau li<‘s east of the And<*s. 
descending by low terraces to the narrow coastal 
l>1ain. It is a pastoral land, too dry for much 
agriculture. 

The Eastern Highlands. As in North 
America, tlie Eastern Highlands are the worn- 
down remains of a \'crv ancient region, far oldtu* 
than the higher Wc'stern Highlands. They ar<‘ 
tablelands of the African typ(% and aro divkhsl 
by the Amazon Valley into the Guiana High- 
lands to the north, and the Brazilian Higliiands 
to the south of that river. Both are fmly very 
partially e-xplored. 

The Guiana Highlands. The Guiana 
Highlands are, in a sense, an island, enclosed 
between the Atlantic Ocean, and the Orinoco and 
Amazon rivers, wliich arc connected by the* 
(’assi(|uiari. The whole region is rugged and 
difheult to ])enetrate, eovert'd eillier with <leiis(‘ 
forest, or witli savanas of giant grass. TJie 
rivers arc wild torrents, forming innumcrahh* 
falls and rapids, and of little use as routes. 
The interior of this region is )»raetieally unin- 
habited. As recently as IflOO an exploring 
party sulfer<*d intens<‘ hardships on the (^aroni, 
and the majority perished of the exhaustion 
caused by tlie diftieulty of clearing a track 
and of obtaining food. 

The liighcst part of the Guiana Highlands is 
round Icutu (11,000 ft.) ami Horaima ( 8,000 ft.). 
The latter, a magnificent table mountain, rising 
above a sea of forests, sends its waters to the 
Garoni tributary of the Orinoco, to tlie Esse<juiho 
Iliver of British (Juiana, and to the Rio Branca 
tributary of tlie Rio N<*gro, whose? valley drives 
a wedge of low land far into the iiiglilaiids. Tlie 
♦Sit?iTa Pa rime*, lisjng steeply above tbo Amazon 
Lowland, is the source of tlu? Orinoco. 

The Brazilian Highlands. The Bra- 
zilian Highlands are em^losed between the At- 
lantic Ocean and the Amazon and Paraguay- 
Parana rivers which, in the rainy season, arc 
connected by the Giiafion' braiieli of the Madeira. 
From Capo Frio, north of Rio Janeiro, a lim? 
of high ground, forming the Minus Gerties, 
Goyaz, and Matto Grosso plateaux, separates the 
rivers flowing north to the Amazon from tliose 
runtJiig south to the Paraguay- Parana, or east 
to the Sao Francisco. The highest summit is 
.Hatin ya (9,000 ft. ). Much of this region is densely 
forested, and difficult to penetrate. Elsewhere 
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it is a savana land, well wooded in the Matto 
Grosso and other regions. 

Climate. Most of South America lies 
betwet?n the tropics, and has a tropical climat<\ 
The continent is broadest in the equatorial 
region, and the climate of much of the interior is 
always hot. Contrast this with North America, 
wlicrc the continent is broadest in temperate 
latitudes and the interior has a very extreme 
climate. The hottest region in summer (Jan- 
uary) lies between the mouths of the Amazon 
and Plate. The hottest region in July is the? 
northern sc^aboard. Elevation must, of eoursi*, 
he taken into account. In the Andes we have 
the same succession of zone.s {tierra caliente,, tierra 
templadd^ and tierra jria) as in Mexico aiul 
(Viitral America. South of the Plate Estuary 
the summers are those of 8outhern Europe, 
and th(‘ winters those of the British Isles. In 
the extieme south, both summers and winters 
are those of our own country. 

fl'he rainfall of tlie Amazon basin is heavy at 
all seasons, hut (‘specially at tlu^ e(|iiinoxcs. Tlie 
(riiiana coast, also, has heavy rains at allsefascms. 
Dry ar(‘us are found on tlie west coast, in Peru 
and Ciiil(‘, in tlw? trade wind area, and in the lec? 
of the Eastmn Andes, in tlie west wind belt, 
'rile r(*st of tli(? continent has a rainfall of 
from loin, to 00 in., with dry winters. There 
is a r(‘la lively dry .area in Brazil, round th<? 
middle of Sao Eranciseo, when" the Brazilian 
Highlands aro high (‘iiougli to intercept tlie 
Atlantic winds. 'Phe valley of Central Cfiile 
has whiter rains,, and may be compared with the 
v.illey of Califi^rnia. 

Vegetation. We have aln‘ady socai liow 
dense* is tlu* veg(?tation of most of tropical 
Am(*rica. 'Pbe Amazon for(‘st is the great(?st in 
tlu* world. All tropical s])eci(‘s are represente^d, 
hut nibbe*!* is tlu* most important commercially. 
On tlu*. slopes of the Andes, the cinchona- tree, 
furnishing (luininc, is extremely .abundant. 

Tlu'se si'lvas of tlu? Amazon Lowlands p.ass into 
the llanos of Venezuela in tlie north and the 
jmmpas of the Argentine in the south. 'riiere 
are opmi or parklike woodlands or eampos in 
many parts of the Brazilian Highlands. P.ita- 
gonia. is poor steppe land, with the charact(?risti(; 
thorny vegetation of a dry climate. The Paeitio 
slopes of Southern (.’bile iiavc coniferous forests 
like those (^f British Columbia. 

Tlu* cultivated plants fire mainly those of tlu* 
tropics. Cacao is an important product of the 
cultivated slopes of the Andes, sugar of the 
Guiana Lowlands, and eoffee of the cultivated 
Atlantic slopes of the Brazilian Highlands. 
Outside the tropics in the Plate Lowlands wdieat 
is a crop of ever increasing importance. 

Population and Occupation. No con- 
tinent presents greater contrasts tlian South 
America. Round the coast w'e have a few' 
great cities wdiicli will bear comparison w'ith any 
in the Old or New World. In the heart of the 
continent we have trilies of -wandering Indians, 
ignorant of all arts except hunting, the manu- 
facture of the needful weapons, and the building 
of rude canoes. Between the two every grade 
of civilisation is found. 
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South America, backward and thinly peopled, 
])resents a Btriking contrast to North America, 
with its denser and intcMisely ])rogressive popula- 
tion. The <^xplanati(m is mainly geographical. 
'Hie. density of the forest in the lowlands an<l 
the* rugged chara(*ter of the highlands liave nuwh* 
the opening of routes v('ry dilHciilt, and have, 
checked the growth of population and tlu^ 
spread of civilisation over a great part of the 
continent. 'Phis is most marked in tin* forest 
iH*gion, when^ the nativa^ trilu's are at a far 
low<‘r level than wen^ the prairie Indians of 
North America. Tt is instructive to comparts 
tliese backward forest tribes with the relatively 
high civilisation which tin* Kuropean discoven*rs 
of South America foinid in th<^ Highlands of l\*r!i. 

While th<^ geographical conditions wen* un- 
favourable to the rapid advance of the native* 
races, the situation of th(5 contimnt in tropical 
latitudes was eq\ially unfavourable to its coloni- 
sation and d(‘,v(‘lopment by Kuropc'ans. North 
Anuuica, with its great (*xtension in temperati* 
latitudes, madt*, an admirable honu’i for tin* most 
vigorous European races, wJio rafiidly multipliecl, 
and tilled up the eontinent. South America, 
c\<*ej)t in the. south, was imsuited to Europeans, 
who confined their s(‘ttlement the coast, and 
did little to develop the interior. 

Agriculture and Manufactures. Agri- 
cnltni’c is eoiilinod, to the margin of the 
eontinent. In the grasslands liorses, cattle, 
mules, and shec'pare bred in (‘iiorrnous nunilK‘rs, 
sheep being found in tlie drier areas — such as 
I’atagonia. Not ie(^ that wJiile North Anu‘ri<*a can 
consume much of th<*. meat it rais(*s. South America 
has not a sufTicient poyndation to do so ; also that 
tlie ditlieulties of trans})ort make the preparation 
of meat extract an important industry, as 
tlie value is high in ]>ro})ortioii to hulk and the 
cost of transport. North Aim‘riea, with its 
<*xc(illent communications, adopts less vvast<*fnl 
methods of preserving meat. Hid<‘s are an 
important export from South .Aiiu'riea. fn North 
.Vmerica the manufacture of hoots and shoes 
is very important in tin* towns east of tlu; ranch- 
ing prairi(^s, but Soutli .America is too thinly 
peopled for manufaetures. 

In th(? tro])ical fort‘st, rublH*r and other for<*st 
])roduce are collected, and sent down the .Amaxon. 
It is easy to sc<* wliy lumhering has not heeonu* 
imt)oi*tant. Felling a tree in tlie climate of the 
tropi(;s is a very ditferent inattci' from felling a 
tree during tin* bracing (’anadian Avint(*r, ev en if 
suitable labour were abundant instead of scarce. 

The last occupation to note is mining, .Many 
parts of the Andes arc^ rich in minerals, and the 
gold and silver mines in particular have Is'cn 
worked for centuries. In the east, both tin* 
I Uliana and Brazilian Highlands an* ricli in 
gold, and the latter also produce tine diamonds. 
'I'he more useful metals only wait for a popula- 
tion to exploit them. The alkaline deposits 
of the Atacama Ikisert of Chile are valuable 
fertilisers in great demand for agricultural 
purposes. 

Races and Religion. The aboriginal 
races, pure and mixed with European blood, form 
the bulk of the population, which is estimated at 


.‘18,1)00,000. 'riie Europeans are mainly of 
Spanish and Poriugiiesi^ deseeiiit. the latter 
esiHH'ially in Brazil. Negroes and coolies from 
India have hc'cn iiitrodiieed for ))lantation work 
in the east. In recent years there* has Ik^cii a. 
larger inihix of Hermans into Southern Bruxil, and 
of Italians into the Argentiiu*. The [>redominant 
r(*ligion is Roman (Vitliolie; the language^ and 
g<‘neral mode of lih^ Spanisli oi l^>rtngn(‘S(*. 

Venezuela. Venexiu*la. ((>00,000 s<|. iMilt‘s) 
consists of three distiiu-1 legions: (1) the nionn- 
tains in tiu* north-west., including the toast al 
rt*gions hordciing the (‘arihbean Sea.: {'2) tlu* 
llanos or grasslands of the Orinoco : and (.’1) th(> 
(hiiana Higlilands in tlu* south-east. 

TIuwlimati* is tropical in tlu^ lowlands, hut in 
the monntains fifrnt rnlimte, fitrnt tanplaAa, 
and /?Vm/ jiia arc well-marked. Still higher in 
lhew(*st are llu* fMirfunos - bleak, treeless pastures, 
which t‘xt(‘nd to llu* snow line, (‘iiuhona is 
abundant in tlu* higlur forests, in tlu* cl(‘arings 
of whic'U arc grown potatot^s, pulses, and the 
liardH*!’ cereals. In the middle* zoiu* tlu; forests 
contain magnilic(‘nt tree* f(*rns, aiul in tlu; valleys 
and plat(*aiix hananas, eolfee*. sngai*, etc., an* 
<iilt i\'att‘d. In tlu* lower or palm forests tlu* 
most, important crop is cacao. Mncli chocolate; 
is made from local sugar and ca.e‘ao. Meaida is 
the ehii“f et“ntr(* in these w’est.(*rn meaintains. 

'Plu* le*Hs lofty e‘a,st(*rn (’a,iibbe*an ranges ele> 
not rise above* the* fore‘st line. lTe*ri; are sitiia.te'<l 
tlu* fuiru'ipal inland towns ( ‘aracas, the; <*a])ital, 
and Vale'iicia heith in the ee)fTe*e-gre)W'ing re*gie)n. 
and the pea ts of La (hiaini and lhu‘rlo Hahe llo. 
A dillie'nlt line* e*ross(‘S the; eoa.stal range* frean La 
(hiaira tei Caracas, zigzagging 25 mile's and 
e'lirnhing .A,!)!)!) ft. te.> re*ach a temn disteint. only 
eihout six mile's as the crow !lie*s. From the* 
summit. e)f the* pass (Airacas is seen, 11,000 ft. 
hclovN, laid eaO, like* all Seinth .Anu‘ricaii towns, 
in blocks wilh le'e t angular stre'(*t.s of leiw', eau*- 
stoiu'd, white, re*d-i-oofcd }u)iise*s, se*l among 
gr<*e‘ri sugaj- plant at ieais, l)e*yeaul w hich a. pare lu el 
plain slre'tchcs to the* e*ne*ire*ling mountains. 

'riu* llane>s. with their vast lie*ids of Iu)rst's and 
cattle, have* alrcaely b(*e*n elcscribcd, H’lu* 
fore'sts and minerals, including golel, of tlu* 
Hiiiana Highlaiuls should eiiu* da.y l)e*e*ome* ve*rv 
valuable*, aiul tlu* Orinoco a great ceannu'.rcial 
highway. At pre*se*nt tlu* e*hie*f te)wn, Ciudad 
Be)livar. is a ])lae*(; of little; imporl a.nce*. 

The Guianas. Notice* in tlu* map iiovv 
many rive*rs cre>ss Ihi/i.s/t (ruiand, the* large'st 
heing the* Esse epiihe). For 20 miles inland tlu* 
e eiast originally e‘e)nsiste*eJ e>f inangre)ve swam])s, 
lle>e>deel at high tiele*. 'Plmy were dyk<*d and 
drained by tlie J)ule*h, and tlu*se* ivelainu'd 
lands, in which sugar is the* e*hicf cre>]>, arc 
practically the; only cultivate d or inhabit e*d paet 
eif the Ce)le)ny. The highlands are* rich ire g(»lel. 
as well as in fori;st proeliu'c, but ramiot at 
j)re;se‘nt 1 h; (level e)))eHl, owing to difh< eiltios of 
(‘oinmimieation. The; eapital is (h‘ewg(*tovvn, on 
the Dc;merara llive*r, where rum and mohiss(*s 
are made; from local sugar. 

Dutch (hiiana (46,000 se/. miles), eapital Para- 
maribo, is very simileir in eharaeter. French 
duiana (.30,(MM) sq. rail' s) is little developed, and 
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is used fvs a penal station. The (capital is St. 
Louis, or Cayenne. 

Brazil • The United States of Brazil (3,300,000 
sq. miles) is, roughly, as largo as Csinada, the 
United States, or Austt t'ilia. Its potential Avcalth 
is enormous, but only the fringe of the eountry is 
yet developed. It is essentially a tropical land. 
Only the extreme south is really fitted for 
European sett lement. 

Brazil eonsists of (he vast forested Amazon 
Lowland, in the equatorial hot wet belt, and 
of the Brazilian Highlands, a rugged region 
eovered with forests or wide, open grasslands. 

The forest region of tho Amazon is almost 
unexplon^d, and v(*rv thinly peopled hy Indian 
tribes. Rubber and other forest produce is 
collected and sent to the towns, especially to 
Manaos, but also to Obidos, Santarem, and 
others, all at the junetion of river routes, wlieiieo 
it is forwarded to Para or Belem, tho great 
rubber ])ort. Some forest ))iodm‘o is also 
sliipped from San Luiz, or Maranbao, and Cc^ara, 
or Fortaleza, botli east of tlu' Amazon estuary. 

The agricultural regions of Brazil are along 
tho east coast. Sugar, cotton, ea<ao, and 
tobacco are gromi in the States of Bernambueo, 
in the north-east, hi\d exported from tho J»ort 
of that name, and fro7n Bahia or Sail Salvador, 
in the neighbouring State of Haliia. Cold and 
diamonds tiro abundant in the vStati^s of Bahia 
and Minas Cerac's, where all in inc'ials aro widely 
distributed. Tho latter state is in the grazing 
zone. Some cotton and much coffee is grown in 
tho State of Sao Paolo, tho capit al of which has 
the same name, and is exported from Santos. 
Some coal is work€‘d in Kio Gi'aiuh; do Sul, where 
cattle raising is important. 

Tho Federal cfvpital is Rio Janeiro [ 146J, on a 
liarbour of extraordinary beauty. Tlie city, 
which has a bad reputation for health, is laid 
out, like most South American cities, on tho 
chessboard j^lan. 

Uruguay. Uruguay (72,000 sq, miles) is a 
Havana land, lying east of tho river Uruguay, 
which flows to the Plate Fstuary. Its winters 
aro warm, and the summer licat is tempered 
by the Athintie. chief oee\ipation is tho 

raising and slaughtering of cattle. Tlio sljiugli- 
tering centres aro Montevideo, the capital, and 
Paysandii, wliero clioiee tongues are canned. 
Fray Bent-os, south of Paysandu, makes meat 
extracts. Much of Uruguay is well suited for 
W'heat growing, wliieh will doubtl(*ss develop. 
Tho mineral wealth is eonsidc'rable. Salto is tlie 
Centro of tho mining district. 

Paraguay. Paraguay (140,000 sq. miles) 
lies between the Pilcomayo and (ho Pa-rana, botli 
joining tho Paraguay, which bisects tho country. 
There are magnifieeiit forc'sts in tho hillior parts 
of the country. jVTueh of Paraguay is well suited 
for agriculture. V(Tba mate, or Paraguay tea, 
a native plant, whicli is in great demand 
tliroughout South America, is an important 
export. Cotton, indigo, and rubber also grow 
wild. Sugar, rice, tobacco, maize, coffee, and 
many fruits, can cultivated. Cattle, horses, 
and “^heep are bred. Tho cai)ital is Ascuneion, 
on tlie Paraguay. 
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Argentina. Argentina (1,800,000 sq. miles) 
largely consists of flat treeless pampas. In tho west 
the country rises to tho base of the Andes, where 
the climate is dry and many rivers end in salt 
lakes or swamps. Tho mountain streams make 
irrigation easy, and as this increases, much 
fertile land will be brought under cultivation. 
In the north, Argentina includes much of tho 
forested Gran C/haco, wdiich supplies valuable 
timber. Patagonia, in tho south, is stt^ppe or 
shingly desert in tho east, but Ix^eoraes wooded 
towards the Andes. Tho valloy.s are generally 
fertile under irrigation [147]. 

In the north of Argentina, the elim.ato is 
tropical, and sugar, cotton, maize, tobacco, etc., 
are grown. In the pampas region, the climate 
becomes ttunperate. Tho seasons aro warmer 
than in C-anada, but in some respects the tvvo 
(u)untries may bo compared. In both a groat 
river opens out tho eountry from the east, 
forming an outh't for the vast plains, where 
stock -raising ami (lie cultivation of cereals is 
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important. In a few yt*ars Argentina w ill com iX)to 
Avith ( Wiada as one of the great wheat- lands of tho 
wwld. Maizi*! is also largely grown. As in 
Canada, tho advance of s(‘ttleraeiit loads to 
introduction of mixed farming, and the growth of 
dairy industries. After Australia Argentina is 
the eliief sheep-farming country in tho world, 
but Aigenthia w ool is inferior to Australian. 

Bmuios Aires, on the Plate Estuary, the largest 
city in South America, has groAvn enormously in 
the last t w ent y yea-m. T ts in ilos of docks, spacious 
streets, liandsomo buildings, and scores of parks, 
make? it one of the most imposing cities of tho 
Now \\’orld. Other important towns of Eastern 
Argentina aro La Plata, the capital of tho fertile 
state of Buenos Aires, south of tho Plate 
Estuary, and Bahia Blanca, its southern port. 
On the Parana are Rosario, the second city in the 
country, to Avhieli tho Avhoat ships can penetrate, 
iSanta Fe, in a rich agricultural region, and Cor» 
rienates, in hotter zone, where subtropical crops 
can bo growm. 
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In Central Argentina the land rises gradually 
to the west, in parts of wliich irrigation is neces- 
sary. The mineral wealth is considerable, but 
undeveloped. Tlie chief towns are Cordoba, 
San Luiz, and Santiago. 

Western Argentina is as yet thinly peopled. 
In the north Tucuinaii is the centre of a sugar 
j’egioii. The cultivation of the vine is becoming 
important in the irrigated land at the bast^ of 
the Andes. Salta and Mendt^za are the chief 
towns . of the vineyard disti'icts. Stock-raising 
and mining are the other occupations. At 
present th<^ (u>st of transport to the sea is \ovy 
high, but this will diminish with the opening of 
the trans-Andean line to Chile. 

Railways can be cheaply built in most parts 
of Argentina, owing t-o the flatness of the country. 
They now connect all the principal towns. 
The transcontinental linti from Rucrios Aires 


tio Valparaiso, by Mendoza and tlu’s Cuinbre 
Pass, is approaching conipl(?t-ion, but a s<H t.ion 
has still [HH)6] to bo done by mule. 

The Falkland Islands. This group of two 
large and many small islands forms a British 
(Vown Colony. The rugged surface consists of 
moorland, which forms good shoe]) pasture. The 
strong Atlantic gales make the islands destitute 
of trees. The only town is Port Stanley. 

Chile. Chile (205,000 sq. miles) oceupie.s the 
wostorn slopes and valleys of (he Andes south of 
18 dog. S. Betw’een 2,000 miles and 3,000 miles 
in length, it is only 100 miles wide, but com- 
munication across it is made difficult by the 
presence of the coastal range, which extends as 
far south as 40 deg. S. Owing to its great length 
from north to south, and its varied elevation, 
Chile has a great range of climate. 

Chile consists of (1) a rainless northern region, 
the Atacama Desert ; (2) a dry zone, fertile where 
2d 


irrigated ; (3) the fertile valley of Central Chile ; 
and (4) the colder, wett<w south. 

Northern (."bile has rich deposits of nitrate of 
soda, but these occur at an elevation of 2,(K)0 ft., 
in an absolut<*ly desert n‘giori. .All necessities 
of life, including water, must- bo transported 
at great expense, so that only the richest ti('lds 
are worked, and tluTc is no permanent ])opula- 
tion. The nitrate ports are fipiique and Anto- 
fagasta. From the latter a railway runs across 
the Andes to Lake Titicaca. ( ’oj)per is abundant, 
but ditlii'ult to work. The mines are <iften 
in inaccessible ri'gions of the Andes, and at an 
elevation w'here the rar(‘ti(^d air makes exertion 
fatiguing. The (rhi(*f i-oppcT port is Cocpiimbo. 

The fert ih^ valley of ('ontral Chile is the gr(^at 
centre of agriculture and population. All Medi- 
UTranoan ftaiiis and cereals can be grown stmth 
of 30 deg. 8. The vine is largely cultivated for 


wines ami raisins. In the lentre of the valley 
is Santiago, tile capital, w ith a (im^ view of the 
snowy Andes. Its port, Valparaiso, destroyed 
by an earthquak<i in lOOtJ, tiic great outlet for 
the valley, 55 miles distant-, is reached by a 
railway 11.5 miles long, wliich has to <’limb 
the coastal range. Talca, Concepcion, and Val- 
divia are the oilu.T centres of the valley, where 
many small towns are growing up, each with its 
distilleries to turn out the eluja]) spirit — aguardi- 
CW-/C - which is the curse of Chile, ('oal is mined. 
Southern Chile is as yet thinly peopled. Both 
the mainland and the islands arc densi'ly 
foixisted, but as the timber cannot compete 
with that) of Oregon or British Coluinl»i;i-, the 
process of clearing will be slow. Ih">t crops 
do well, and the island of Chilo»‘ < /aims with 
Peru to bt> the original hom<‘ <>f the potjito. 
Most North European crop^ can be growm 
except in the extreme south, which is too wet 
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for oerealB to ripen. The mineral wealth is 
. probably considerable. Some gold is worked, 
^e port is Punta Arenas, on Magellan Strait. 
The island of Tierra del Fuego is partly Chilean, 
partly Argentine. 

Peru. Peru (460,000 sq. miles) is north of Chile 
on the western and eastern slopes of the Andes. 
It consists of (1) a desert coastal region, fertile 
only where crossed by rivers from the Andes ; 
(2) the sierra, or Andean region of mountains, 
valleys, and plateaux ; and (3) the montana, or 
forested slopes of the Eastern Andes, sinking to 
the plains of the Amazon. 

The coastal desert is fertile where it can be 
irrigated, producing sugar, cotton, cereals, 
lucerne, vines, and fruits. Lima, the capital, is 
separated by eight miles of desert from its port 
Callao. The line between them is continued 
over a pass 16,560 ft. to Oroya, whence it is 
continued to Cerro dc Pasco, the silver town in 
the heart of the Andes. Arequipa, in Southt^rn 
Peru, finely situated at the base of the volcano 
El Misti, is separated by 00 miles of desert from 
its port, Mollendo, the starting point of a line 
which climbs the Andes over a pjiss of 14,650 ft. 
to Lake Titi(;aea, on the Bolivian Plateau, 
12,500 ft. above the sea. 

The sieiTa region is about 250 miles wide, 
and contains many fi^rtile plains and warm, 
sheltered valleys in which cereals and f» uits <*an 
bo cultivated. The dom(?sti<*atcd alpat'a and 
wild vicufia supply fine wool. The mineral wealth, 
especially in silver, is very gnvit. Tn the lofty 
plains enclosed by still loftier mountains are 
many finely-situated towns, each surrounded 
by a fertile district. Puno, .on Lake Tit icaea, 
in the midst of a silver-mining region, is the 
terminus of the line from Mollendo, w'hich is 
continued to (/UZ(^o, 1 LOCK) ft. above the sc^a, the 
old capital of the Incas or native rulers of Peru. 
The rich silver mines of Cerro dc I’asco have 
already been inentiont*d. 

The TuvoTdana, or forest region, is drained by 
the tributaries of the Amazon. Cacao, (toffee, 
etc., are grown in the ravines. Thi^ forests pro- 
duce cinchona and rubbtu*. 


vian frontier ; (2) a sierra region, resembling that 
of Peru, with agriculture and cattle-raising as 
the chief occupations ; and (3) the montana. 
or forest region, also resembling that of Peru. 

On the coast the chief town is the important 
port of (Guayaquil, at the mouth of the Guayas 
Valley. From Guayaquil a railway climbs to 
the Andean region, where the usual climatic 
and vegetation zones are distinguished. There' 
are, os in Peru, many towns in lofty but 
cultivable basins surrounded by mountains. 
Of these the most important is Quito, the capital, 
9,000 ft. above the sea in a fertile valley bordereel 
by volcanic cones. 

Colombia. (Colombia (510,000 sq. miles) 
occupies the north-western angle of South 
America. TJie C^olombian Andos broaden out into 
three chains exclusive of the coastal range, and 
betwcHui these are the valleys of the Atrato, 
(^a\ica, Magdalena, and of affluents of the Orinoco 
and Amazon. In addition to the Andean region, 
witli the usual zones, (Colombia thus includes 
the valleys of those rivers, tliat of the Cauca- 
Magdalona b(u‘ng the cliief artery of a country 
where roads and railw.ays hardly exist. 

The usual range of product-8 is found in the 
Andes, coffee being the most important. Largo 
herds of rattle are kept in the llanos of the lower 
river valk'ys, and there is some mining. Tho 
largest UnvTi is Bogota, situated in the midst of a 
lofty snvana or plateau of considerable extent 
(2,0(M) sq. miles). Tho ports on the Carib- 
l)ean coast arc Puerto Colombia or Sabanilla, 
and Cart-ag(*na. Barranquilla is the river prot 
of the Magdalena. Buenaventura is tho only 
important place on the west coast. 

Conclusion. Such, briefly surveyed, is 
our world. The year has brought its <^hanges, 
startling or inqxTceptible. Earthquakes hav(^ 
laid great eities in ruins, but they will rise anew 
from their ashes. A new tunnel pierces the 
Alf)s, drawing north and south still a few miles 
iit'arer, new railways have been surveyed in 
many land.s, n(?w fields liave borne their first 
harvest, nv'w millions have been added to tho 
future workers of the world. He who would be 


Bolivia. Bolivia (570,0(X) sq. m iles) continues 
the sierra and montana regions of Peru. It 
consists of a lofty plateau in tho west, and in 
the east of the forests of tho Eastern Andes and 
the forests and sav^xiuis of the Upper Madeira 
and Pilcomayo basins. 

On the plateau mining i.s still important, though 
the famous silver mine;*- of Potosi are declining. 
Cattle are kept on the grasslands, and agriculture 
is important in the valleys. (Cinchona and rubber 
are abundant in the forests of the Eastern Andos. 

The capital, La Paz, on Lake Titicaca, is 
connected by a steamer service on the lake xvith 
Puno, and by the railways with the coast. It 
has a large trade in quinine and cacao, both 
collected from the Eastern Andes. 

iCcuador. Ecuador (120,000 sq. miles) con- 
sists of (1) a coastal region which includes*tho rich 
valley of Hio Guayas with its cacao plantations, 
but pecomOS dry and barren towards the Peru- 


abreast of events must, daily, with newspaper 
and atlas, note the changes, great . or small, 
which each day brings. Each of these is at once 
cause and effect, the product of the past, and thtJ 
parent of the future. 

The next series of lessons in this course shows 
how man uses some of the w'orld’s varied products. 
Many volumes would not exhaust tho subject, 
for man’s ingenuity is as unlimited as the bounty 
of Nature. Each year’s figures show the vast 
increase in the world’s wealth, measured by its 
I)roducing and purcluising power. 

Our last thought, like our first, can hardly b<' 
other than one of reverence for the great physical 
laws which hold our world true in its course 
through space, and give seed-time and harvest in 
their season, and still more for the imperious law 
wdthin man himself, which urges humanity on- 
wards towards goals of vdiich even the highest 
races are but faintly conscious. 



Political Oeography concluded; followed by 
Commercial Geographv 
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'^HE transmiission of earth entails a o(M'tain loss, 
* and the continued necessity for this in 
eonno(‘tion with an outlying branch bank in a 
now country might rcf.ult in tJio ultimate 
closing of that office in consequence of the 
endless ox|>ense and risk. Jn this country these 
factors are, of cour.;<*, very inucli niodilicd, 
especially in Scotland, owiiig to llu‘ pecuiliar 
advantages which that country enjoys in her 
note issues. 

Scottish Bank Notes. The banks in Scot- 
land are ten in iiuinlxM*, all of wliicb are joiiii- 
sto<*k companies ]>oVs(\ssing the right of issue. 
The amount Avhieh each is authorised to issue 
without security is lixed by the Act of 1845, 
being the average amount in eircnlation at that 
time. The antborised amounts can bo (and an*) 
exceeded by the* bfinks against bullion held by the 
head offics'. (Ine-pound notes are allowtsl an<l 
circulate larg('ly, while the issues only lapses if 
they are voluiitfuily relinquished or if the bank 
bec^omes banknipt. Those ])rivileg(^s enable the 
banks to maintain the branches (numbering, at 
the close of 19(15, 1,1(31), whieli an^ thickly 
scattered all ovcjr the country, and which are 
found even in the poorest and most spanudy 
populated loealitit?s. The Bank of Englaiul not(v» 
in the till of an English branch bank n'present so 
much capital unemployed. Tlui notes of a Scotch 
bank in its tills are nothing but its own 1 () ll’s. 
Until these are issued, th(^ banks are not required 
to keep a single penny as n!:’(‘rv(\ wliieb ev(m 
then doi^s not leave the luijul oni<’e. Again, 
while the expense in rornittaiieij of coin is heavy, 
it costs little to transmit £l paptu' notes. 

Scottish Banking. The actual banking 
business does not in any great, degree dilTer from 
that in England. The casli credit (an advance 
made to a person of undoubted probity hut of 
small means on the ptu’sonal seeui it y of his friends, 
with an ulterior view to an increased note issue, 
which last, before 1S45, co.st. the bank nothing) 
has, owing to the increase of individual wealth, 
lost its great importaius? ; but the efficiency 
of the note exchangt^s, whereby a not(% should 
it come into the liands of anoth(*r bank, is at 
once returned to tlie issuer, is still a matter of 
which Scottish bankers can ho justly proud. 

The rise of Scotland to its present po. ition 
from the semi -barbarism of two c('nt.urie.s 
ago is due in great measure to the note issues 
of her banks and to the wisdom with which 
they have been employed, and aiYords one of 
the most striking examples extant of a well- 
managed system of credit, forming, in the hands 
of an industrious people, the means of traiisi- 
tioh from poverty to wealth, and of laying the 
foundations of a lasting prosperity. 


The forms in which deposit busim^s is carried 
on in this country are three in number — deposit 
ae<*oiinls and tleposii receipts (bearing intere.st), 
and current accounts, on which no interest is 
allowed. 

Current Accounts. If any person de- 
sire to de})Ortit with a banker a sum of money 
wliieh ho wishes to lie able to wilhdraAv when he 
})least‘s, hi‘ will S(‘ek an intervitwv w ith the latter 
on the subject. The bankiM*, if th(^ a])plicant is 
not already known to him ns a person of 
respt*et ability and inti'grity, will reipiire some 
reeommemlation from a mutual aequaintuneo 
(this usually taking the binn of a letter of 
introduction) in onhs* that he may assure 
himself that tin* individual to whom he proposes 
to give the ])o\ver of drawing upon him is not one 
who is liki‘ly to misuse such a privilegt*, and 
iiulireetly involve tlu' bank's nanu^ in some 
disreputable transaction. .\ form may be signed 
by the eustom(*r agrei ing to <*(Mtain conditions, 
one of which may bo that a minimum halauee of 
a. certain amount must at all tiin<*s be ke])t. 
He will, in (*V(‘rv east*, iili up a slip showing thci 
]mrtieulars of the sum paid in, and be given a, 
cheque book (])aymg for the* value of the ]>euny 
stamps on tlu' forms tlu'ri'in), and vt*ry ]>robabIy 
a passbook, in which tin* sums ree(‘ived and th<‘ 
ehe<pi(‘s paid are enteretl. 'ria* elit'iit may, 
how’ever, prefer to havt* a stat(‘rm‘nt of his 
account rend<*red to him periodically, and may 
take for (‘aeh sum ])aid in an initialled du])lieato 
paid-in slip or other roeeijit. 

ShouUl the client tlesin* to remit an amount 
due by him to sonui et)rres])ond<‘nt, he can now, 
in place of ohlainiiig a mon(*y order or hank 
draft, fill up a chetpu* form, converting it into 
an order on his hanker for a certain amount, 
and remit it without further tronbli^ to his 
enjditor. 4'h(^ trouble and risk of paying in 
cash to his local creditors is also obviatefl by 
the use of his cheque book. 

Deposit Accounts. If, however, tlu» 
client is not in trade, and has hwv payments 
to makes he can have^ but little use for a current 
account, while be may have a large sum for whie*h, 
at the momemt, he* e*anne)t find use, and on which 
he desire's tei iweive^ inte*re‘st. In this case the 
amount will be plae*e*el in the deqmsit le^dger and 
will be^ar a rate of interest varying with the 
Bank e)f Kngland disejount rate. A receipt ma 3 . 
or may not he issued to the client at th<^ same 
time. 

The bank may, ImAvever, em reeei\iMg such 
depositrt, grant receipts payable on o'eiuand, or 
at short notice, but keep no Icelgi r aijcount, the 
receipts being numbered eo/iMCutivcly, and 
their particulars being entei ( d, when issued, in a 
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register kept for the purpose. An index is 
attached in which the numbera of the outstand- 
ing receipts are shown under the heading of each 
client. On a deposit receipt being presented for 
payment, this register is consulted, the particulars 
agreed, the date of payment entered in the 
column provided, the interest calculated, any 
sum to be withdrawn paid, and a new receipt 
issued for the balance. Such a receipt is never re- 
issued, even although it has only been presented 
for the addition of int^jrest due. The receipts 
outstanding may periodically be transfer nnl in 
brief form to another register, a distinguishing 
mark being put against the original entry and 
the receipt marked olf, when paid, in the second 
register. 

Deposit Receipts for Fixed Periods. 

The practice of banks limiting their operations 
.to this oountry is to confine themselves to 
receiving deposits at call or at short notice ; but 
banks employing funds in the Colonies, or 
in foreign countries, obtain a largo amount of 
deposits for fixed periods — .say, of six months, 
or one, two, or more years. This money (which 
may be obtained through special agents) bears 
a high and uniform rate of interest. Interest 
is usually paid half-yearly, or at the termina- 
tion of tne deposit, income tax being deducted 
by the paying bank from all such inb‘.rest, 
and accounted for by it to the Inland Revenue 
authorities. It is important in connection with 
the issue of all deposit receipts to fill in the 
year of issue in a sufficient number of forms 
at the beginning of a new year, t-o i^revent the 
iwssibilily of any loss (xuairring through a 
receipt licing dated a year prior to the ac^tual 
date of issue. 

Overdrafts and Ledger Loans. If 

a customer of a bank <\*djaust.s the balance 
standing to his credit in the bank books, he may, 
after ascertaining that the banker is agreeable 
to such a course, continue to draw cheques, the 
payment of which leaves him in d<*bt to the bank, 
the amount due varying from day to day. He 
is thereupon said to have overdrawn his account. 

Instead of doing so, he may arrange with the 
banker for the loan of a certain sum for a definite 
period (usually against security), the amount 
of which is transferred to his current account to 
be drawn against in tlie same manner as if the 
actual cash had been de})osited. The |K»riod 
for which the Joan is granted may vary greatly, 
but will hardly ever ex<reed a year, a long ouf- 
standiiig inoperative loan being the parUeuIar 
aversion of any good banker. 

The expiry of a loan provides an excellent* 
opportunity for revising the conditions under 
which it is granted, or even of arranging for its 
repayment, to do which, in the case of a running 
overdraft, might b(? taken to imply, unless great 
toot be exercised, a want of confidence in the 
position of the client. 

Bill Discounting. The discount of bills 
forma a tliird metliod of loan, possessing 
several distinct advantages. A banker can, if 
the bills in his case bear good names, count upon 
receiving thpir amounts at maturity without 
fail A nii^jliant, in a<*ccpting a bill, gives his 


undertaking to pay a specified sum on a certain 
day. He knows that he will be called upon to 
do so, and that any failure to honour his own 
may mean his commercial ruin. He therefore 
takes good care to provide for such liabilities, 
aifhou^i ho may regard the repayment of a 
loan with his banker very differently and, should 
the latter request this, look upon his action as 
an iinwarraht^ affront, transferring, if he finds 
it possible, his custom to another institution. 
The facility of re-discount of bills with bill- 
brokers ivS largely exercised by certain banks, 
who are thereby easily enabled to raise what- 
ever sum they may at the moment require. The 
discount of bills on London enables provincial 
banks to provide themselves with an ultimate 
means of replenishing their London accounts, 
while it must not be forgotten that banker’s 
discount exceeds somewhat the true cii.scount 
of any bill, and that in consequence the 
return to the banker is greater than appears at 
first sight. 

Calculation of Interest and Discount. 

The banker's di.scount on a bill is readily 
arrived at, being sim])ly the interest on the 
full amount for the days it has still to run. 
'^Ilie calculation of interest on fixed loans is 
equally easy, but the rcekoning of that on 
an overdrawn account is a more difficult 
matler. The balance at the end of a day’s 
transactions (shillings and pence over lOs. 
being taken as £1) is multiplied by the numl>er 
of clays for wliich it is curremt. and tlie 
result (wliich givtss the days for which £1 would 
require to bo lent to t‘arn an equivalent amount 
of interest) is entered in a column provided 
for the jiuiposc. At each change of rate, or- 
at each half-yearly balance, this column is cast 
and the interest calculated by means of tables. 
Jn the case of deposit accounts (whore the 
transactions are few), the int(*rest on each 
balance current for any time being may be 
calcu I ated sejiaratiil y. 

The procedure detailed above cannot be 
adopted with deposit receipts bearing d, varying 
rat^^ of interiist, for which another method is 
utilised. ^Ihis is the valuation of the rate of 
interest due for each day in terms of a common 
basis of, say, 5 per (•cnt. — a practice best 
explained by an ailuai instance. 

In the book kept for the pui 7 > 08 e the figure 
of 3630*2 may appear against December 31st, 
11)0.5. If the current rate is 2 per cent., the 
clerk 'will enter against January 1st, 1906, the 
6gure 3630*0 (2 per cent, being *4 of 5 per cent.), 
the interest on any receipt lodged on December 
31.st and paid on the following day being equal 
to. *4 of one day at 5 per cent. If on January 
Ist the rate is altered to 2^ per cent., the figure 
3631*1 will be entered against January 2nd. 
A receipt chitcd 2nd February, presented for 
payment on July 30th, if the figures for these 
dates are 3661*2 and 3720*1 respectively, bears 
58*9 days’ interest at 5 per cent. 

Remittance Business. A veiy con- 
siderable portion of the banker’s profits is 
derived from the commission which he charges 
for the collection of documents on other 
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towns, or for issuing, when requested, his draft 
on these places. The commission charged 
may vary greatly, and if the transactions 
between the two localities arc limited, the 
means of transit few, and a balancing trans- 
action hard to obtain, the charge made will 
be correspondingly high. An increase in the 
(charge is in the nature of an insurance 
against the pQSsibility of loss attending the 
banker’s efforts to find someone with whom he 
can arrange a transaction to reimburse him or 
his correspondent. 

Sometimes, however, the hankc'r’s (charges 
include an insurance against possible loss 
through failurii on the part of his client. H<i 
may be asked by a <;lient to acoe]jt bills drawn 
upon him on account of the latter, and if he 
is satisfied with the busim^ss and the s<icurity 
offered in connection witli it, lu^ will do so on 
his commission being paid. Similarly, he may 
tmdorse hills for his customers, for a consi(h‘ra- 
tion. The object of his acceptance or endorse- 
ment is to allow of the hills being dis<‘ounted 
or soki by tlie holders to tln^ bt‘st advantage. 

It is a very common custom for the (ilients 
of a countiy bank or branch to make tlieir 
bills payable^ at the office of the bank's lA)ndon 
office or correspondent, in ord(‘r to facilitates 
their discount. Tlu‘S(^ will be retired by th(‘, 
London office on ree(‘ipt of advice from the 
<?ountry banker, a certain charge ])eing nunh' 
by the latter for the trouble given. A varying 
charge may bo nia<l(^ <'ith(‘r y(*arly or half-yearly 
on thos(‘ (.‘urrent accounts which do not show 
a suflicient running balanct^ to conqa'nsatc tlu^ 
banker for the work attendant thercion. 

Securities and Periodical Payments. 
The banker invariably undertakes the ensiody 
of any securities deposited witli him by his 
clients free of charge, and will also atl<uKl to 
the collection (either with or without charge) 
of coupon.s attached to the relative bonds. 
Due care must he taken to register in diary 
form the dates on Avhic^h tlu'se coupons fall 
flue, in ord(W that, some little time beforehand, 
they may he cut from the sheets and forwardc<l 
for collection or sale, as (he castr may he. If 
the coupons are payable? in a foreign country, 
they will be sent to (ho T^ondon corresnondent 
either for collection or sale (in the latter erase 
the coupons Ixjing bought by semie? demle^r in 
exchange .as if they were bills) ; but (hose 
payable in this country will be remitted for 
collection to the place of payrnernt. Tneorne? 
tax on all coupons is dcdue;ted and paid by the 
banlis to Government, forms provided by the 
Inland Revenue authorities being, in the event 
of the client wishing to reclaim the amount, 
completed, signed, and handed to him. 

The sale and purchase of securities may he 
attended to by the hanker on behalf of 
clients who have securities deposited with 
him, either for safe custody or in security of 
loans. The business is a profitable one in 
consequence of the return commission allowed 
by the stockbroker. 

The banker will also undertake to see to tlm 
payment of club subscriptions, insurance pre- 


miums, pensions and allowances, in accordance 
with instructions received from his (clients. 
In this connection it is necessary to exercise 
great care k'st any payment is made after the 
relative instructions have been cancelled. The 
card system can ho advantagefiusly used in 
connection with such paymei\ts. Tlu' particu- 
lars of the payment and of the authority are 
entered on the face of the card (the dates of the 
payments made Ixiing detailed on tin? hack), 
and (lie cards sorted into a case or lilt? in the 
ord(‘r of payment. Aftt?r the payment has Ixion 
made, the card is iM'plaeed in accordance with 
the dale of the next payment. The system 
provides at the same timt? a diary of future 
and a re(?ord of past payments, hut requirc's 
the exei-cisc of great care, as tlie accidental 
misplaci'nnuit or destruction of a card is attendt;tl 
w'ith st?rious consequences. |Sce llesiNJiss 
IVlANAtiEMENT.] 

Opinions. Tlw* card systt'in is widely 
adopted in (‘onncction with the record of 
o})inions and re])orts on ))arties received, 
although a system of indexed hooks may he 
used. The eonv(‘nience of alphabetical aiTange- 
nn^nt is very giH?at. hut the defects which are 
referred to above always hold good. While? 
receiving opinions from other's tin? hankt?r will 
1)(^ called ui)on to give many. In furnishing 
w'ritten reports, In? will he eai'cfnl to use tlu? 
form provided, which states that the informa- 
tion giv»‘n is without responsibility. Some? 
banks make, in addition, a practice of supplying 
such information on unsigned memorandums. 
Tin? usual form of inquiry asks if the individual 
is of good standing and r(‘sp(‘ct ability, and if 
In? may he considered go»)d for a stated 
amount, eilluu' in the ordinary course of 
business, as a guarantor, or so forth, according 
to tin? nature of tin? transa<?tion. I’he haiik(*r 
in his n'ply will, as fur as possible, coniine 
himself to stating whetlu*r or not, in his opinion, 
tin? name? is good for the amount mentione<l. 
He will not, exc<*pt for a good reason, volun- 
te,<?r any <lata, while a negative? reply should ht? 
wordi'd with special care, as, if it e-an lx? shown 
(hat his client’s credit has suffered t}n?reby, 
he may’ be liable for damages. Whenever 
possible the opinion will he given verbally. 

Correspondence. The rule regarding tlie 
wording of an unfavourable report applit^s with 
e(jual force to eorrespondenco which deals wdth 
the refusal of business or similar t ran sjicl ions. 
The hanker will refrain from explanation of the 
reasons for his decision, wdiieh, if unfavourable, 
should he simply I'onveyed in a poliU? expression, 
of regret. In general, the banker will confine 
himself strictly to the subject-matter of corre- 
spondence, and leave any question of policy 
which does not affe(?i liis interests to the 
decision of his client. No gratuitous respcxisi- 
bility should bo undertaken in the matter of 
giving advice, especially with regard to the buying 
and selling of s(?curities. If, however, (lie banker 
for any r€?ason gives his opinion, he will invariably 
advise the adoption of the safest course. The 
foregoing applies with efiuiil force to vc^rhal 
communications. 
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Mlacellaneous Functions. An im- 
portant function is the issue by the banker of 
^nk Credits without recourse, Travellers’ Letters 
of Credit and Circular Notes. The first are issued 
by the banker on account of his clients (who 
give what security is deemed requisite) in favour 
of the merchants with whom these clients deal, 
or perhaps the bankers of these merchants. The 
bank issuing the credit undertakes that if the 
stipulated conditions are adhered to it will accept 
and pay the relative bills. In this manner the 
purchaser is enabled to obtain an extended 
credit, while the seller receives a cash settlement 
of his debt. The banker is not entitled to cancel 
any such credit once issued, except with the 
agreement of the party in whose favour it is 
drawn. If, for a very particular reason, the 
banker does cancel any such credit, a sutficient 
indemnity to cover possible damages will be 
obtained. Travellers’ Letters of Credit, which 
bear the signature of the individual in whose 
favour they are drawn, operate as an authority 
to the correspondents named therein to cash 
to the person designated his drafts on the 
issuing bank for the sum mentioned, the 
amounts so paid being marked on the back of 
the credit by the paying bank. If, however, tJie 
client desires it, he can obtain a supply of Circular 
Notes (practically credits for £10 and similar 
amounts), which will be cashed by the corre- 
spondents on his endorsing them, provided he 
produces a Jxitter of Indication, giving his 
signature, and containing the names of the 
paying correspondents. 

ilie payments of dividends, coupons, ('tc., 
may be undertideen with or without charge 
(the documents being, perhaps, cheeked olT 
against lists furnished l)y tlie coin})any in 
question), the bank on oe(!asion dealing with 
the receipt of application money, calls in con- 
nection with company promotions, and the 
return of any sums not accepted. The ch^rieal 
labour involved in addressing envelope.s, filling 
up forms, etc., in the <rasc of a large and successful 
issue is very great indeed, but tlu? work is more 
monotonous than intricate. 

Shares and Similar Securities. All 
banking business is contrived with a view to 
the exclusion of any element of speculation, a 
point that exercises an important effect on the 
securities which will be accepted in cover of a 
banking advance. The more easily realisable the 
security is at all times, the fewer tlie re.sponsi- 
bilities attached and the less risk there i.s of 
depreciation, the greater the attraction it will 
have in the eyes of a bank. Share certificates, 
with a transfer form attached, either completed 
iu every respect or bearing only the signature of 
the shareholder, are largely taken ; but, for 
various reasons, registratio?i of the shares into 
the names of the bank’s nominees (usually two of 
its principal officers) is preferable. Securities 
which do not possess a market quotation or which 
l^ar an uncalled liability are not taken. Bearer 
bonds of a good class become an excellent 
banking security on a pledge form being signed. 
The talk’s own shares may form the cover for 
an to one of its shareholders. 


BiUs lodged for collection bearing good names, 
or assignations of insurance policies (although 
the amount of the surrender value may be small 
and the present value of security therefore not 
of great amount), are also acceptable, while 
documents of title isolating to. merchandise are 
largely dealt with in certain localities. In these, 
however, the clement of depreciation may be 
very great, and, in addition, the banker 
must be thoroughly assured of the good faith 
of his client, so largely is he dependent on the 
honesty of the latter’s declarations as to the 
quality of the goods, and sometimes even as to 
their quantity. The banker will, in connection 
with such securities, see that insurance is taken 
out and renewed. The actual ownership of land, 
houses, and ships is not desirable as security, in 
consequence of the multifarious liabilities and 
responsibilities attached to these ; and a mortgage 
bond, or similar document over the property in 
question will, instead, be made out, giving the 
bank full power over the property but protecting 
it from any trouble in the matter. Even in this 
form, however, the security is not looked upon 
with great favour, owing to the possibility of an 
ultimate sale proving difficult. 

Personal Securities. The simplest form 
for personal security is that of a promissory 
note sigm^d by tlu^ debtor and the guarantor, 
coupled with a letter stating that it is to be held 
in .security of a certain debt. The object of the 
letter is to connect the debt and the security, 
rendering the grantors of the not<^ only liable for 
the a(dual amount of tlie loan. The note, being 
made payable ont^ day after date remains opera- 
tive for six years, when the special prescription 
applying to bills terminates the obligation. 

(Guarantees form a mere formal and complex 
form of personal security. Each bank will possess 
a stock of forms suited for its vaiying business, 
wliilc the exact terms used by the different insti- 
tutions vary st )me what in t lu'ir wording. The form 
chos<‘n for any particular case must bo carefully 
penisixl to see that it covers ail possible con- 
tingencies in the proposed business. 

If a time limit is inserted, and the guarantee 
i.s not rtmewed, or if a guarantee is terminated 
by notice being given by the guarantor, opera- 
tions on the accounts must lie stopped and no 
payments in reduction of the debt allowed, 
should it be decided not to release the 
guarantor. Any sums paid into such accounts 
w ill lx; held to liquidate the debt, while amounts 
paid out create a debt which is not covered by the 
guarantee— i.c., if the guarantor of an overdraft 
for £4,500 terminates his guarantee, he is ab- 
solved from liability if, after he has done so, the 
banker allows the debtor to pay in amounts 
totalling £4,51X>, even although a similar sum 
is concurrently withdrawn. In the event of a loan 
covered by personal security being utHised to the 
full extent, interest is not debited to the account 
if the client is not considered good for the amount. 
A surety for £200 and interest may be liable for 
an amount of interest greatly exceeding the 
principal sum, provided it is shown in the-^nk’s 
books in this category ; but the moment it is 
added to the debt and becomes principal, his 
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responsibility for it ceases, and ho is only liable 
for £200, and any interest on this sum not 
applied. 

Security Forms and Banking Law. 

The printed forms kept in stock will usually 
cover all the commoner methods of business, 
those relative to any special transactions l)ein^ 
prepared either by the legal department of 
the bank or by its solicitors. The wording 
adopted may be altered from time to time 
in consequence of sonic^ legal decision, or of 
some question arising in the ordinary cour.se of 
business. The documents may, according to indi- 
vidual practice, or the nature of the transaction, 
be either completed by the branch otticials or 
by those at the Head Office. 

The law connected with the business of bank- 
ing comprises a fairly large section. 

The Bills of Exchange Act is at once the largest 
and most essential })art of Banking Law. l)nt 
the ordinary legal know ledge (adflcd to if possible') 
regarding trusts, agency, lie'ii, sccurith's, bank- 
ruptcy, debt, and common Unv should l)e 
pos8es.sed by tJie banker. It is not possible to 
deal with such a list here, and, indeed, such 
knowledge., although very clcsirahh', is not 
absolutely essential, the* proccdun* to he 
adopted in any particular case ht'ing »i.siially 
laid dowm in some manner for tin' guidance of 
officials. It is only necessary to emj>hasis(‘ tin' 
point that the student sho\dd mak<* himsc'lf, as 
far as po.ssil)le, ac(iuaintcd with the int<'ntion of 
each point of law% and, if possible, tln^ liistory 
which led to its enact rin'nt. 

In some institutions a book of rcgvdations in 
which the duties of officials, the branch routine 
and returns, and the more essential points of 
banking law are dealt with mon' or less fully, is 
supplied to each branch. From time to time circu- 
lars are issued, which, although mainly refcriing 
to rates, official appointments, etc., also deal 
with any important matter W'lii<li may havt^ 
arisen, and with the contents of these, together 
with the book referred to, (*acli official is ex- 
pected to make him.self familial’. 

Documentary Bills. Bills of Exclnangc 
are known as docnmevlarif bilfs when documents 
of title to some security against wliich the bill 
is issued are attached to tlu' draft- ; bills unac- 
companied by such papi'i’s biung termed “clean.” 
They almost invariably take tlu^ form of 
invoices, bills of lading, and insuranct? policies 
for a shipment of goods, altlioiigli a large 
amount of scrip bills (drafts with .slum; c-ertili- 
cates and signed transfers attached) are drawn. 
Certificates of Origin, or Consular Certiticates, 
may be included in the shipping documents, if 
necessary, in consequence of the fiscal arrange' - 
ments of the country exported to. On entering 
into such business, a letter of hj/jjfjth (ration i.s 
signed by the client, allowing the banker to 
deal with the goods relating to any bill as he 
may deem desirable. In the ordinary course 


of biisines.s, how^cver, the hanker will consult 
thiJ wishes of his client before taking any steps 
in this direetion, only exereising his right in 
some eiiKii'gency — say, the bankrupley of his 
ciustomcr. fn addition to ( xainining the bill 
it.solf tlie documents require serutiny. The 
invoiee amount .should cover the bill, and the 
pimkages n'ferred to in it. appear on the bill of 
lading ; whih; it- is o.s.s<'ntial that the wliole of 
the signed copies of the last, together with an 
insurance ])olicy covering the amount in (pie.stion, 
Ih' re<;eived. Tlic possi'ssion by an un.serupulous 
individual of a copy of tlic bill of lading may, 
through bis obtaining delivery of the goods, 
deprive the banker of his soe\irity, w hile the same 
residt wull be ariived at through the loss of a 
.siiipnu'iit not covered by insuraiK'e. If the goods 
remain in the hands of the receiving banker for 
any h'ngth of time h(' will require to see that 
they are proix'rly warehoused and (‘overed by 
tire insurance from tlu' dati' the marine insurance 
t'xpirc's to lh(' paynu'rit of tlu' bill. 

I )<)fumc'nl;»rv bills are either **I) A” or 
“ 1) 1* ” <lral‘ls. In the former case the drawee 
obtains, on aeet'pting tlic hill, the documents 
attaelu'd, hut in the latter lu' must take up 
tlu' draft unilc'r rehaU' (pay tlu' bill amount 
h'ss an allowance) if he desirt's the documents 
in order to obtain the goods. As the rebate; 
alhuved is small, llien* is litth; object in 
rebating a. “ J)/.\, ’ oi' “ el(*an ” bill, if any 
otlu'i* us(; can Ik; found for tlie money. 

Head Office Work. The w'ork at the 
ht'ad oHice, \\hi(*h is distinct from the ordinary 
branch busiriess, divides its(*lf into sevc'ral 
.sections. .Viidiling tlu* hiafU’h ri'liirns dealing 
with the hook (‘iitries will occupy the attention 
of a large* staff, wliose fliities in some' n'spec'ts 
are hardly agn'cabh*. Tlu* r*omparison W'cekly 
of thousands of ('iitries Ix'twt't'u, perhaps, a. 
hundre'd or more branehes, with tlu; eertain 
knowledge* that te) pa.ss an e'rreu’ nutans the 
re'pelilion e)f the monotoiuuis task, is not a 
fa.Minating pros])e'et. In this de*partment the 
we'ekly state'inents eeimhinirig tlu* hraueh returns 
will be* maele up. "J'lu* re'lurns, apart from 
those* jeist refe'rre'd te), w ill jireebably be dealt with 
by what is usually ternu'd tlu* lnspe*etie)n Depart- 
ment. In adelition to the supe*rvisie)n and reeiord 
of the le>uii busine*ss at the brancht's, the work in 
eonne*e;tion with the hank’s staff and their move- 
ments will he; undertake'n here, while j)eriodie*ally 
euu* e»r me)re eifficials will be; despalclu'd from 
this deq)arlme‘nt te) se)nH; braiieii tej e’heek the 
<*asl) and se'e urities on hanel, agre'e; with the Viooks 
the balances e)f the various aeeount.s, lest the 
aee-uracy e)f tlu; be)okkee*ping in various ways, 
judge eif the titne.ss of the hraiieii staff and of the 
suitiibility of the bniiuii premises, and look 
the)roughiy into all sums lent by the brnne h. 
The statiemery supply will call feir the attention ot 
one* e)r ine)re offieiai.s, w’hile the legal de'part lucni 
lias already been referred to. 
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work in wood^ and kon, and &tcel, and brass. 
This training they can acquire only by working. 
Otherwise they will not really know how engineer- 
ing w<kk is executed. All mechanical engineers 
ought also to know how engineering work is 
designed, and how it is tested; and for this 
purpose they need to be traimxi in the testing 
laboratory, where they learn about the stroni^h 
of materials, and in the laboratory of ay)plied 
mechanics, where they loam by systematic ex- 
periment the application of abstrsict rules to 
actual mechanism. Further, electrical engineers 
must learn in the electrical laboratory, by ex- 
perimenting with their own hands, the measure- 
ment of electrical quantities, the testing of tlic 
electrical properties of materials, and the 
performance of electrical machinery. 

Which Kind of Training First? 

The question most often asked by parents and 
guardians of the youth who wants to become 
an engineer is this : Should he go to the works 
before he attends the tecimical college, or should 
he go to the technical college before he enters 
the engineering w'orks ? To this question there 
is no one answer ; the answer must depemd 
on the temperament of the youth, and on the 
circumstance's of the ease. 1’here are always 
plenty of exceptions to any rule. But for the 
boy of average abilities and ordinary cir<*u in- 
stances, tho course which experience has shown 
to be best, in the opinion of those able to judge, 
has been very clearly laid down by unmis- 
takable authority. 

The Educational Report. lii April, 
1906, there was issued a report by a coiumittee 
of experts representing the Institutions of Civil, 
Mechanical **and Electrical Engineers, prcsi<lcd 
over by Sir William White. After taking 
evidence of over 260 leading engineers ancl 
teachers of engineering they agree with very 
considerable unanimity in the following con- 
clusions : 

1. The average boy should leave school at 
about 17 years of age — much depends on 
individual development— but should not be 
under 16 nor over 18. 

. 2. If possible a preliminary stage of practical 
training in the mechanical engineering shops, of 
about one year, should prccecl<3 college training. 
In some cases this introductory workshop 
course might bo taken after the first year at 
college. 

3. From the first, during works) loj) training, 
the youths should be paid regular wages, and 
keep regular working hours. 

4. Evening study might impose too severe a 
strain on health. Therefore, since it is most 
important that school studies, particularly 
mathematics, should not be too soon forgott-cn, 
the introductory workshop course should not 

one year; but in exceptional cases 
where a practical training of three years or so 
jhecedea a college course there must be some 
l^tomatic tuition, in evening classes or othoi- 
wise, to prevent studies from being forgotten. 

-5. The period of college training for the 
average hoy should be three years. Of the replies 


soceived, 73 per cent, say two or three years, 
while 71 per cent, say three or four years. 

6. A sound and extensive know^ledge of 
mathematics is necessary. 1"his, of course, 
implies that the colleges should require tho 
youths to pass an entrance examination to 
show that they have at least as much mathe- 
matical training as is required, say, in tho 
Matriculation Examination of the London 
University. Engineers need training in trig^i- 
nomotry. solid geometry, differential and 
integral calculus. It may be noted that in 
Germany students an' not even admitted to 
the Polytechnics who cannot begin the calculus. 

7. The committee recommend strongly effi- 
cient instruction in (‘iigineeriiig drajying. 

8. AfU'i* the college training, the youths 
should have at least three more years of praidical 
training in tlie shops, part of this being in the 
drawing office, and the wages paid them after 
leaving college should be somewhat higher, 
especially in the later years. 

No Premiums. The report of the com- 
mit tee gives no sanction to the pernicious 
practice of recpiiriug premiums. Premiums ana 
never paid in America or in Germany ; in 
England the survival of the premium system 
is a curse to th(? industry 

The cominittec^ is silent as to the proper 
organisation of the training in factories, when) 
unfortunately the foremen are often violently 
pnqudiced against teaching tho young hands 
anything, and are not ])aid to teach them. 
This is a weak spot in the training of engineers. 

Other Plans. In (Jlasgow and Edin- 
l)urgh the plan is adopted of teaching the 
youths in the college during the six winter 
months, and of drafting tlieju into the factories 
during the six summer moni hs. In Sunderland 
the eiigiiu'cring employers hav(' agreed to a 
similar plan ; but in most parts of England 
the employers do not fall in with this plan. 

For the training of engiu(‘eriug workmen, 
including eU*ctrical workmen, . the old plan of 
appreiilieeship still exists, boys leaving school 
at !4 years of age and working in the factories 
with small wages until 20 or 21. For sucli 
youths, the training atforded in evening classes 
is of service ; but few can, without detriment 
to health, give more than two nights a week, 
and the training can, therefore, never be 
thorough. 

Posts as switchboard attendants in elect 
lighting stations do not alford much scope 
for real training. 

There is a small demand for specially traincsl 
ekvtro-ehemists ; and for all elcciriciams a 
knowledge of elementary chemistry, such as 
may lie accpiired in tlie laboratory of any of 
the technical schools, is most useful. 

Degrees in engineering arc a luxury. Fc'n 
engineering firms attach the slighte^^t import- 
ance to them ; the training at a lirst-rate 
technical school is esteemed far mojc than 
university degree. For those wfm want to 
become teachers of engine ring, iiniv<^rsify 
degrees are, however, of go.ii value in seeking 
an appointment. 
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Tliere will always be a number of earnest 
young engineers who have not the opportunity 
of taking out a college course. Also those who 
have been trained in a technical college will 
always want to know what are the best sources 
of information in tlie dilTercnt branches of the 
subject. 8o wide a subject as electrical engin- 
eering cannot jwsaibly be contained in any 
one textbook. In fact, the young engineer 
cannot be expected to buy all the books to 
which he should refer, and with which he should 

Electricat. Lauouatohv VV'okk. “ 1'i‘rtctical 
Electricity,” by Ayrton (CuhscII, Th. Oil.); “Elec- 
trical Laboratory N«>tcs aiul Foviuh,” by Floiiiinj; 
(“Electrician*” 7s. tld.) ; “ Handbook of Electric 
Testing,” ]>y Kcnipc (Spon, 18 h. ); “Practical 
MoaRurtanont of Kli-ctrical Resist a nets” by -Pt'ieo 
(Olarendon Press, 14s.). 

Batteries. “ Primary Batteries, Their Construc- 
tion and Use,” V>y (Jooper (“ 3i2lecti*ioian,” Mis. (id.). 

Accumitlatous. “ Sectuidary Jiattories, Tlwir 
Manufae.turo and Us(',” by Wade (“ Electrician,” 
10s. 6d.) ; “ Management of Aee\nnnIators,” by Sir 
D. Salfimoim (Whittaker, .'is.). 

Auo Lamps. “ Ele<dric Lamps ami Eleclrn? 
Lighting,” by Fleming (“ Eleet rieiaii,” bs.); “The 
Electric Arc,” by Mrs. Ayrton (“ Ele<‘tncian.“ 
12s. Od.); “Electric Lighting,’’ by S\vint«tn (J.oek- 
wood. Is. (i<l.). 

(»L()VV Lamps. “JOleelric, lanniJS and EIcctrn; 
Lighting,” hy Fleming (“ Klectriemn,” (is.); “ 'I’he 

Incandese.ent laimp a.ml its Manufacture,” by Ram 
(“Electrician,” 7s. (id.). 

Dvnamo.m and M(m)K.s. “ Armalnn' Winding.s,” 
by PursliHlI and Hobart (Bla<*k\vell, .‘{('.s, ) ; “DMiaino- 
olei'tric Mae.bincrv,” 2 vols., by S. 1‘. TJioinpson 
(Spun, 30s. per vol.) ; “ Dynamo Dcs>gn,” by Jlobart 
(Whittaker, 7s. (id.) ; “ Dytiamo Attemlants and 

their Dynamos,” by Broadbent (Rcntell, Is. (i<l.); 
“ DiRease.s of Electric Macbiiuiiy,” by Scbnlt/. (Spon, 
3s. tid.) ; “The Dynamo,” by Hawkins and Wallis 
(Whittaker, l/is.); “>J(‘etric (TcmTators,” by 
I^irshali ami Hobart (“Engineering,” 3ls. (id.); 
“ Original Papers on Dynamo Machinery.” hy 
Hopkinson (Wnitlnker, 5.s. ). 

Maonettsm. “ Magnetic Tndm tion in Iron and 
Other Metals,” by Ewing (“Electrician,” J0.s. (ul.); 
“The Eloetromagiiet and Ele<’tromagiuftic Mechan- 
ism,” )>y W. P. Tliotiipson (Spoil, iri.s.). 

Wireless Telk<iuapiiv. “ Signalling Across Space 
Without Wires,” by Sir Oliver J^ialgi’ (“ Electrician,” 
fis. ); “ Eleirtric Wave Telegraphy,” by Fleming 

(Longmans, 24s.). 

Electrh' House Wiring. “ Electric Wiring 
Tables,” by Maye.ock (Wliittaker, 3s. Hd.) ; “ Electric* 
Wiring,” by Clinton (.L Murray, Is. (id.); “Electric 
Wiring and Fitting,” by Drysdale (R. d. Bush, 3s.); 
“ Practical Electric Light Fitting,” by .Mlso]) (Whit- 
taker, 6s.). 

Electro-Ouemistry. “ Elements of El«*etro- 
chemistry,” by Liipke ((Jrcvol, 7s. (itl. ); “Treatise 
on Elcctro-mctalliirgy,” by McMillan (Orillin, lOs. Hd.); 
“The Electric Furnace,” by Moissan (Arnold, 
10s. «d.) ; “Electric Furnaces and their lndu.strial 
Application,” by Wright (McGraw, Now York, 33). 

General ELErTRicrrY. “ The Electrician 
Primers,” 3 vols. (“Electrician,” vol. 1, 38. t>d. ; 
vol. 2, 6». ; vol. 3, 48. Hd.) ; “ The Electric Current,” 
by Walmsley (Cassell, l()s. (id.); “Elementary 
Lessona in Electricity and Magnetism,” by S. P. 
Thompson (Macmillan, 4h. Hd.) ; “ Experimental 

Researches in Electricity,” 3 vols., Viy Faraday 
(Quaritch, 48a.}. 


ELECTRICAL ENGINEERING 

bo familiar. Books of reference, to be con- 
sulted in the public libraries or in the libraries 
of the technical institutes, are to be recommended 
rather than textbooks which pretend to serve 
up the whole subject in one volume. For the 
sake of those who desire furtlu^r guidance 
in such reading a list of standard works 
is here append^. It is confined to books 
in the Englisli language, and theteforo does 
not include some of the very Ix^st and most 
useful of treatise.s, which are printed in German, 

l*jiOTi)METKY. “ Industrial Piiotomotry,” by Palaz 
(Sampson Low, 12s. Hd.) ; “ The Art of Illumination,” 
by Rt‘ll (Constable, lOs. (!tl.). 

Tramway Motors and Traction. “Modern 
Electric Railway Motors,” l)y Hanclictt (Street Rail- 
way Publishing Co., Now York, §2) ; “ Electric 

Traction,” by Rider (Whittaker, lOs. Hd. ) ; “ Electric 
Street Railways,” by Houston and Kennelly (“ Elec- 
iriiial Workl,” New Yi>rk, SI). 

ELEfTKir Railways. “ Electric Railways and 
Tramways,” by Dawson (“Engineering,” 42s.). 

Alternating Corhionts. “ Alternate Current 
Working,” by Hay (Biggs, 6s.) ; “ Notes on Alternate 
Currents,” by Simmons ((^assell. Is.); “Alternating 
(Currents of Elect rieity,” by Still (Whittaker, 5s.) ; 
“ Alternating (hirreiits of Kleetricity,” by Lamb 
(Arnold. JOs. Hd.). 

Tran.mformeiis. “ Transfoi iners for Single and 
Multiphase (hirreiits.” by Kajip (Whittaker, Hs.) ; 
” The Alternate (Jiirrent Transforim'r.” 2 vols., 
by Pleming (“ Fleet rieiail,” 12.s. Hd. jier vol.). 

PoLYjuiNSE CruRENTs. “ Polyphase .Electric Cur- 
rents,” by S. P. Thompson (Spoil, 21fl.) ; “ PolypJiase 
(/iirrents,” by Still (WliittaUiT, (Is.). 

(h'.NTRAL Elkcthk’ Sta’I'ions. “ (k*n(rai Elee,tri<’ 
Stations,” by Wordingham ((Jrillin, 24s.); “Central 
Station EU'ctrieity -Siijiply,” ])y (lay and Yeaman 
(Wliittaker, iGs. tuL). 

ELKITHorLATING AND ElKI’TKOTYPINI;, ETC. 
“ Eleet ro-d(‘position of .Metals,” by Laiigbein (Baird, 
TMiihidelpliia, SI); “ Elect ro-metallurgy Practically 
Tivated,” by Watt (I.oekwood, is.). 

Ei.eitrig Jns'i'iilmionts, etc. “Induction Coil 
in Practical Work.” by Wriglit (Macmillan, 4s.); 
“The Pot<*ntiomi‘ter,” by Fisher (“Electrician,” 
(Is.); “Electrical Inlinenee Machines,” by .1. Gray 
(Wliittaker. Tis. ). 

Ei.ei tru- Bklls. “ Electric Bt‘11 Gonstruedion,” by 
Alls<»p (SjKHi, 3s. Hd.). 

Ei.ei tkk’al Theory. “ Absolute MeHsureirients 
in Eleetricity and Magnetism,” by Gray (Macmillan, 
.•ts. Hd.); “Treatise on Pllcctricity and Magnetism,” 
2 vols., by Maxwell (Clarendon Press, 32s.) ; “ Recent 
Researches in Electricity and Magnetism.” by J. J. 
Tiiomson (Clarendon Pre.ss, IHs. Hd. ); “ Elements of 
the Mathematical Theory of Elc(!tricity and Mag- 
netism,” by J. J. Thomson ((Cambridge Press, IHs.j, 
and “ (kinductivity of Electricity through (lascs,” 
by J. J. TJiomson "(Cambridge Press, IHs.); “ Electro- 
magnetic ’rheory,” 2 vols., by Heaviside (“Elec- 
trician,” 1 2a. Hd. {xir vol.); “Electric Waves,” by 
Hertz (Maemillan, lOs.) ; “Theoretical Elements of 
Electrical Engineering,” by Stoinmetz (Whittaker, 
12s. Hd.); “The Electronic Tlieory of Electricity,” 
by Fleming (“Electrician,” Is. t!d.). 

FIlegtrk.’ Transmission ok Power. “ Electric 
Transmission of Energy,” by Kapp (Whittaker, 
IDs. Hd.); “Electric Power Transmission,” by Boll 
(W’hittaker, 15s.). 

Eleotuicity Meters. “ Electricity Meters,” by 
Solomon (Griffin, Ids.); “ Eloctricity Meters,” by 
Ghorhardi (“Electrician,” 9 b.) ; “American Motor 
Practice,” by Reed (Spon, 8s. Hd.). 


Electricity concluded; followed hy TELEQBAriiS 
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85 . THE POND, BY (’OROT (FiOuvre, Paris) Munsfii 


folin.g«\ Like all Dutcli landscaix* paint-cTs, 
UuyHdael and Hobbema oxecllcd in tho rendering 
of cloudy nkies, and tbo latter in tlie Kubtl<» c^har- 
aetcTisation of varied foliage. Cnyp (a.J). KiOti- 
1672) and Paul Potter ( a.d. 1()25-1(>54) remain 
unequalled to this day as paint (us of (‘atth^ and 
must bo mentioned h(‘re, beeause l)oth of tbeun, 
and particularly tho for/mn-, coneeived tln^ 
animals as part and par<’el of the landscape in 
which they live and which they help to complete. 

The Dutch Seascape Painters. Finally, 
there aro tho seascape paiiiters. Van doCapi^le, 
Simon do Vliegc'r, and ''^an do Velde, all of 
whom appear more interc'sted in the nautical 
life of tho invariably qniet waters than in tho 
moods of tho elements by which the modern 
painter of the is gtnu'rally fascinated. Tho real 
Bubjoet of tho early Dijt^^li 
marine painters is iluis not the 
sea, but tho vaiied forms of 
shipping — iishing rloels, sea- 
fight-s, t ho embarking or land- 
ing of an army, sailing craft of 
every description — in short, 
the life of the sea. The French- 
man Joseph Vernet ( a.d. 1714- 
1789), though, on the whole, 
still adhering to tho id(^alistic 
and classicist tradition, was 
attraiCtcd by the stormy, tur- 
bulent aspect of the sea, but 
there is no terror and passion 
in his storms. The discovery 
of tho moods of Nature was 
left to tho more nervous 
modern temperaments. 

Watteau. Before we 
turn to England wo must 
mention Watteau, who, in 
his perfect balance of figures 
and landscape, in his render- 
ing orBcrft;i^ospheric eft’ects, 

4900 ; ' 


came very near tho modern 
spirit. Tho curious point about 
his art is that he gave a con- 
vincing air of reality to scones 
which only had existence in his 
own imagination. 

Richard Wilson, Land- 
scape painting in England, in 
the early part of the eighteenth 
century, followed two direc- 
tions, one of which aimed at 
dry, topographic correctness, 
and is best represented by 
Samuel Scott, a talented imi- 
tator of Canaletto, the other 
at Italianised (jlassicism. Of 
this dire(;tion, Richard Wilson 
(a.d. 1713-1 7S2) is the chief 
distnplc. At his best Wilson is 
a worthy rival of Claude 
Lorrain, whose intentions and 
ideals he had madi^ his own. 
Thoniias Cainsboroiigh is a 
kind of halfway house be- 
twetui the old style and the 
new vision which was to b(‘ 
introduced by Const able. FI is colouring, basi'd on 
a pl(‘asing .scluune of broAvn, gr(\v, and gold, is 
still arbitrary and conviuitional, but his setmes 
are no longer eomposi d according to established 
rules. His an^ in more intimate communion with 
Natun* : he is attracted by the peaceful charm of 
tln^ l^nglish t;ountrysid(‘, which needs no olassiii 
ruins for its app(5al. At. the same time his land- 
scapes iiave still a trac(^ of the artificiality of 
the period, and lack that fragrance of the soil 
which breathes from Constable’s canvases. 

The Norwich School. An important 
school flourislied towards the end of th<‘ eighteenth 
century at Noi wieh under the leadership of John 
Crome, better known as “ Old Crome (a.d. 
1769-1821), who lias, not without good reason, 
been called the Fiiiglish Ruysdael. Ho and his 
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87. THE IFAYWAIN, HY .TOHX CONSTABLE 
(N.ational (Jallrry, Lontion) 


followers, ctmong whom 
Ladbroke, Stark, and Vin- 
cent are the most im- 
portant, show strong 
kinship with the Dutch 
landscape school. The 
game inHuenco can Ix^ 
noticed in the seascape's of 
John Cotman, another 
prominent member of the 
Norwich school. All these 
painters went to Nature 
for their subjects, but to 
the old masters for their 
colouring. It was the mis- 
sion of John Constable 
(A.D. 1776-1837) to dis- 
cover the juicy green of 
meadow .and wood, the 
movement of the foliage 
in the gentle bnx^ze, and 
the groaning of the heavy 
bough in the storm. With 
him the tree ceasc^d to 1 k' 
mere form — he covered 
the stem with trembling 
and sparkling foliage ; and the sky was no longer 
a mere grey background, but a of atiuo- 

sphore spanned over fields and gard(*ns and 
woods. Constable's instinct for balancing the 
masses of light and shade, and the “ full ’’ and 
“ empty ” spaces, was such that he could set 
aside all the hard and fast rules of academic 
, composition. His ardent love of Nature an<l 
of the English countryside is expressed in all 
his work |87J. French artists and critics im- 
mediately recognised that h(‘. had opened a 
new page in the book of art, and liailed in him 
a master worthy of emulation. 

The Parbizon School. IVrhaps it was 
Constable's love of Nature, simple, and devoid 
of all artificiality, that, about 1830, induced a 
group of French .artists to declare war upon the 
generally prevjiiling classicism, and to settle 


dowm in the little village of Barbi7A)n, in tJie 
Forest of Fontainebl(N*iii, in order t<i live in 
close communion with Nature, and to prove to 
the Avorld that in landscaix the pieturesejueness 
of the subject counts for nothing, that a land- 
scape need be nc'itluM’ classical, nor InToic, nor 
romantic, as long as the artist can grasp the 
spirit atid tlie poetry of Nature, and expr<‘ss in 
paint the emotions aroused in him by its contem- 
plation. “ Trutli is beauty, and beauty is 
truth ” was the watchword of this group, whoso 
Icjuku' was Theotlore Itoussc'au (a.d. IS 12- 1867), 
Troyon, Dupre, Jac(|ue, Daubigny, and DiaK 
bi'ing among the other prominent members ; 
while Corot and Milled, are so elosedy affiliated 
to the Barbizon school that tln‘y are geuuTally 
counted as belonging to it. Corot strikes tho 
most lyrical note of all painfeTs. ife* is the poed, 
of the twilight, dreamy 
and musical, and more 
oceu})i«'d with the essence 
and fragrance of Natur(’> 
than with solid matter 
[85 1. Rousseau is far more 
impersonal, a searching 
student of form and 
structure, whiles Diaz 
connects tlu^ Barbizon 
meui with the Roman- 
ticists. Troyon and 
Jacque are noted for 
their magnificent paint- 
ing of eattl(j and sheep, 
and Millet is the painter 
of the life of the fields, 
the ceaseless toil of (lu) 
peasant in his grim 
struggle with ilu) soil 
that is to yi« l(i him tho 
sustenance <d life. f8eo 
“The Sr>wcr ” and “ The 
Glciinds ’ on page 342.] 
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He is a notable instance of that new beauty (as 
opposed to the classic beauty) that is to be found 
in passionate truthfulness to Nature — the beauty 
of character expressed by synthetic simplification. 

Turner and the Sun. Just as the aims 
of the Barbizon men had been foreshadowed by 
Constable, so Turner discovered and turned to 
account the theories that were to be sysl (^matised 
subsequently by the French Impressionists. In 
his early work ho favoured the heroic land- 
Rcai>e ; but, in his power of rendering sunlight, 
he is already at this early period immeasurably 
ahead of Claude Lorrain, liis artistic progenitor, 
as may be gathered from comparison of 
Turner’s “Dido Building Carthage” 1 88] and 
Claude’s “Embarkation of the Queen of Sheba” 
[86], which are hung side by side at the National 


constituents of coloured ray^ belongs to the 
sphere of optics. Here it is sufficient to explain 
that the technical reform of Impressionism — for 
the term embraces other reforms as well — con- 
sists of the employment of the primary colours 
only, which are used in alternate touches and 
in the right quantities, so that at a certain 
distance they blend and produce the desired 
effects. Thus, it is well known that green 
consists of a mixture of blue and yellow. If, 
instead of being mixed on the palette, these 
colours are applied in alternate touches, the 
effect upon the eye will be a green tone, but 
a green of far more vibration and greater 
luminosity than mere green paint. The Im- 
pressionist theory has frequently been carried 
to absurd extrenn^s ; but, in the hands of 


Gallery. But if Turner 

recognised the actual 
appearance of objects 
bathed in light «and 
atmosphere, tlu^ soften- 
ing of the oiitliiK^s, the 
vibration of the light, Ik* 
did not apply his know- 1 
ledge to the servici^ of 
realism, of landscape} 

“portraiture,” as prae- 
tisod later by Claude 
jffonet. He wns an 
exalted idealist, a vis- 
ionary, who knew how to 
clothe the glorious in- 
ventions of his imagi- 
nation in n^al gold<ai 
sunlight. Charaeterist ic 
of his attitude is tl\o 
answer h<^ gave to one 
wlio remarkc<i that h(i 
had mjvor seen such 
colours in Nature as 
appeared in one of his 
own pictures: “Don’t 
you wish you could see 
them ? ” The turning 
point in the master’s 
art was his visit to Italy, 
and particularly to 89. nATTKRSF.A by wins™ 

Venice. The wonderful 

atmospheric effects of the lagoon city left an 
indelible impression on his mind. Henceforth 
the actual view, the objects of the landscape, 

Iwcame quite secondary. The transparency 
and vibration of the atmosphere, the glory 
of sunlight, became the real motif of his 
pictures. 

What Impressionism Is. What Turner 
had aeliieved, as it w(5ro, instinctively, through 
sheer force of his genius — that is, the analysis 
of light — was put into what might be called a 
scientific theory by the French Impressionists, 
who, in trying to render in paint the full glitter 
and brilliancy of optm-air sunlight, turned to 
account the results of the seiontific research of 
Helmholtz and Chcvreul and the revelations of 
spectral analysis. The full explanation of tho 
taeoiy of tho decomposition of light into its 



Continued 


a master like Claude 
Monet, has yielded 
results that could not 
have b(^cn achieved by 
any other method. Of 
liirn it may truly be 
said that light is the 
one and only subject 
of his pictures, and 
nobody has ever come 
nearer to perfect truth 
in depicting the glitter 
and sparkle of sun- 
light. 

Japanese In» 
fluences. To-day 
every country can boast 
of a large number of 
landscape painters 
whose work w^ill live 
through the ages, but 
nothing new has been 
added to tho history 
of the development of 
landseapo art since tho 
advent of Impres- 
sionism. Perhaps the 
next move will bo in the 
direction of a more com- 
plete acceptance of tho 
Japanese ideal, which 
lias already exercised a 
certain amount f)f mfl nonce, notably on the work of 
Whistler [89]. This Ja})ancse ideal is the realisa- 
tion by art of tho universal soul or spirit which 
underlies the nori pennanent, temporary, and 
thm'cfore unreal forms of matter. The end is 
achieved by a very broad but exquisitely beautiful 
and decorative generalisation, which discards all 
that is not really essential to convey the idea 
intended by the artist. Tho attitude of tho 
Japanese artist is pretty nearly reflected by 
Whistler’s reply in a famous law case, when he 
was asked whether a picture of his produced in 
Court was a correct representation of Battersea 
Bridge — “ I did not intend it to be a correct 
portrait of the bridge ; as to what the picture 
represents, that depends upon who looks at it. 
To some persons it may represent all that was 
intended. To others it may represent notliing.” 
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Lead Smelting and Cupellation. Methods of Recovering 
Silver. Refining Gold. Platinum, Nickel, and other Metals 
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By A. H. HIORNS 


Lead. Lead has been known from remote 
antiquity, and its use in purifying gold and 
silver by the process of cupellation is jxirhafjs 
the oldest metallurgical ofjcration bn record. 
Lead has a bluish-grey colour, and considerable 
lustre when freshly cut, but this soon diminishes 
by superficial oxidation. It is veiy soft, and 
can easily be cut with a knife and readily marks 
paper. It is very malleable and ductile, but 
possesses very low tenacity. It c mi ts a d ull sound 
when struck, but the presence of impurities 
tends to make it more sonorous. Liuid is readily 
deposited in the form of crystals from a solution 
of lead acetate by means of zinc, or by electricity. 
Its specific gravity is II ’.37. It begins to fuse 
at 325"^ C., but is completely liquid at 33.3” 0. It 
is a poor conductor of cilectricily and heat. It 
is without tasW, and emits a certain odour when 
freshly cut. Lead exhibits in a iiiark(;d dcgi i'e the 
property of flowing when in a viscous state, 
and advantage is taken of this in the making of 
lead pipes by forcing the lead through cylinders 
by means of hydraulie pressure*, termed s(/tnrtin(j, 
(.'Composition piping contains tin or antimony to 
liarden it. 

Lead unites in difYerent proportions with 
oxygen, of which litharge (PbO) and red h*ad 
(Pb 304 ) arc the most important. The sulphide 
of load (PbS) is also of great metallurgical 
importance. 

Lead Smelting. The chief ores of lead 
are galena (Pb8) and cerusite (PtKH.),). These 
ores, espt^cially galena, generally contain silver. 
The smelting of galena in England and Wales is 
conducted in reverbcratoiy furnaces. ore 

is partially roasted, and then the oxide and 
sulphide arc allowed to react on each other, 
forming metallic lead. The blast- furnace [26] 
is also used for more complex and refractory 
ores. In this case it is customary to obtain 
lead containing silver, regulus often containing 
copper, and slags. 

lead obtained as above often requiri^s 
refining. Tliis is done in a reverl>eratx>ry furnace 
by exposing the metal to the action of the air, 
which oxidises the impurities, and these form a 
dross with some lead oxide, which floats on top 
of the molten metal. Prom 30 tt> 130 tons are 
refined in one oi)eration. When the lead contains 
silver it is specially treated for that metal by the 
PaUinson process. This consists of imdting the 
argentiferoiis lead, allowing it to cool slowly, 
stirring the while, when the lead separates out in 
the form of crystals at its freezing point, leaving 
by far the greater portion of the silver in the 
liquid portion. Thus, lead containing 3 oz. of 
silver to the ton may bo concentrated up to 
800 oz, per ton, which is the practical limit. 
Th^ process is oimducted in a scries of nine to 


fiftcH'n cast-iron pots, each holding eight to 
liflecn tons. A mollification of this method 
was introduced by Parkt^s, who added zinc to 
the argent iferous lead. Tito zinc separates out 
on cooling, and carries with it the silver and 
some lead. These zim^ crusts arc then submitted 
to liquation, by which means the lead runs olT, 
carrying with it the silver. 

Cupellation. The processes mentioned, 
therefore, are only concentration processes, 
and the silv'cr must separated by ciipel- 
lation. An English cu]x*llation furnace is a 
reverbi^ratory furnacjo witli a bed formed of bone 
ash. When the lead is m<*lted in the oxidising 
atmosphere of the furnace the base metals are 
oxidised, while the silver remains unoxidised, 
and is thus free from all other ingredients, except 
gold, if that metal bo pres(*nt. Iloiu* ash also h.i.s 
the j)ower of absorbing molten oxides, but not 
molten silver. 

In the German cup(*llatioii method the re- 
A’crberatory furnace is llm‘d with marl, which 
is a carbonate of lime mid magnc.sia and clay. 
The air is suy) plied by means of a pair of inclined 
twyers Hx(‘il in one side of thc^ bed, and the 
molten oxide of lead flows off through an opening 
opyjosite tin* twyers. fl’his only purities the silver 
up to about 05 ysT cent., so that it is necessary to 
complc'te t he rc‘flning on a bed of bone ash. 

Silver. 3’he properties that make silvi*!* so 
valuable are its pure white colour, its softness, 
sonorousness, extreme malleability, ductility, 
tcnai.'ity, and toughness. It exceeds all other 
mt*tal.s in its conductivity for electricity. It 
melts at 900” and has a specitii' gravity of 
10-53. It do(^ not oxidisi^ in air, although it 
mc(*hanically absorbs oxygen wlu'ii m(‘!tcd. and 
gives it out again on co(*ling. It readily unites 
with sulphur, forming a blue crystalline sulphidt?. 
With chlorine, bromim;, and iotlinc it unites, 
forming inqiortant i‘ompoiinds. It is soluble in 
nitric and suljihurii; acids. 

The ores of silver are of two kinds — the silver 
or(*s proper, and silver in ores of base metals. 
Silver occurs as siilphidi*, chloride, bromid<?, and 
iodide, and in various mix(‘d sulphides as well as 
in the metallic static. 

The methods of extraction an; (1 ) by means of 
men ury (amalgamation processes) ; (2) by 

means t»f lead (smelting process4^s) ; (3) by 

various wet methods. 

Amalgamation. The amalgamation pio- 
cess was formerly carried on in the <-old in 
heaps and pits, as it is at the prcs« nt time 
in Mexico. The ore is first eonv« iied into 
chloride by means of a cof>/«r salt and 
common salt, then decomposed by mercury, 
with which it unites to ionn an amalgam. 
The mercury is afterwards driven off by heat, 
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leaving the silver pure. The amalgamation form silver sulphate, which is soluble in water, 

method is now conducted by means of stamp The roasted mass is removed, cooled and 

lmtteri<^s and amalgamating iron pans. The ore lixiviated with water, and the silver precipitated 

is crushed by stamps, waUT being admitted. The by copper. If sufficient sulphur be not present, 

ore mud is transferred to settling pits, and then then pyrites are added. If the temperature be too 

carried to the amalgamating pans. The pans are low, then the sulphate is only partially formed ■ 

of various typew, and consist of an iron lx)x about if too high, the silver sulphate is decomposed 

4 ft. in diameter and 2 ft. high [30]. A central again to metallic silver. The success of th(‘ 

(!one supports a revolving shaft with arms, process depends on the proper temperatur(‘ 

from which are suspended grinding mullt^rs, of roasting. 

which press the ore to a pulp. M(?rcury is The Von Patera Process. Th<^ 

then added, and the rotation continued until ' Von Patera method is used for chloride ores, 
th<j silver is amalgamated. 'Jlic amalgam is | which arc roasted with salt, and lixiviated 
then removed, washed, dried, strained, and I wdth sodium thio-sulphate. The silver is 
the mercury distilled off in retorts. j| { precipitated by sodium sulphide, 

In ores containing much base metal | i J| S' i ' i||y silver sulphide decora* 

a preliminary roasting in a furnace .-HKii'li !j“l heat. This method has 

is nee<‘,ssary, with the addition of received extended application by 

common salt to form silver chloride. * |ii| 1 1 the use of double thio-sulphates. 

In this ease the ore is dry crushed, I' I j/|I|' I ll' 'I 'ijiffilB 1 known as the Russell process. In 

and larger pans arc used for amal- ' th(‘ Von Patera process, any lead 

gamating. ii sulplialt^ that is jwesent 

Lead Methods of Recover* dissolves in tli(5 thio-sul- 

ing Silver. J^mwI methods are based on li ])hate solution, and is pro- 

tbe reducing action of load on gold and jj| eipitated, along with the 

silver, with the solution of those metals in silver, as sulphide. In the 

metallic load. As com pi ox oros are treated “ ~ rnm Hassell process the load is 

in this way, the products are also (;oruj)](‘x. S ^ ^ precipitated by means of 

The principal metals obtained are golcl, ^ sodium carbonate. More- 

silver, copper, and lead. The ore is tirst ' ‘ ^ over, it was found that by 

roasted in a reverberatory furnace to amat<’ \M vtinc tan ^ double, thio-sul- 

reinovo sulphur, arsenie, and other volatile ‘ ])hate of sodium and 

substances, and then smelt, (‘<1 m a blast copper, a more onorgetu! 

furnace [26]. The charge consists of loasted d(‘eomposing and <li>solving action on mctalli(^ 

ores, pyritic ores, various residues, and slags. silv(U\ silvt'r sulphide, and the eombinations of 

The products may be lead (eontaiiiing gold silver with arsenic and antimony took place, 

and silver), regulus (containing lead, e<)])])er, Hene(‘, if the roasted ore is tirst treated with 

iron and sulphur) a,nd. slag. The last is either sodium thiosiilf>liate to dissolve the silver 

used again if it contain sufficient metal, or, if chloride, and t,lu^ residues subsequently treated 

not, it is thrown away. The fume from the with copper thio-sulphate solution, much more 

furnace is also condensed for the recovery of lead. silver is extracted than by the older (Von Patera) 

The lead containing gold and silv(*r is first sub- method. 

mitt/od to the Pattiiison process lor (concentration Gold. (Jold has a yellow colour, its lustre 
of silver, and afterwards cupelled for the recovery is proverbial, and it exceeds all other metals in 

of gold and silver. Tlie regulus is roasted, and malk^ability and ductility. Its tenacity is 

added to another charge in the blast, furnace to moderately high, hut is diminished by the 

remove its contained silver and gold, 1''he second presence of lead, tin, antimony, and some other 

regulus may he treated for coppea*. The gold and metals, while copper and silver increases it. Its 

silver are sci)arated by the parting process speeitic gravity is 19 '.‘12, and its molting point 

Buhs(!(iu<mtly described. lOhO'MJ. I ts conductivity stands next to that of 

Wet metliods of extracting silver arc based on Hilv(*r and copper. It is not acted upon by the 

the principle of converting compounds of silver atmospluTc, by hydrochloric, sulphuric, or nitric 

into a soluble form, and then precipitating tlic acids, or by sulphur compounds. It is soluble in 

silver by means of a base metal or a compound. chlorine, aqua-regia, and potassium cyanide. 

Tlic three principal rm^thods employed are It occurs in nature in the metallic state in 
Augustin’s, Zicrvogel’s, and Von Patera s. quartz and pyrites, and is frequently found in 

The Augustin Process. The Augustin lead, copper, silver, and other ores, in small 

process is used for argentiferous regulus and quantities. It occurs in sands, in nuggets, and 

residues, which are first roasted in air to remove alloyed with platinum, silver, mercury, and cer- 

suiphiir, then with (join mon salt, to form chloride. tain rare metals. In alluvial deposits it is 

The next st^igo consists of lixiviating the roastt‘d separated by processes which consist of removing 

oro in wooden vats with a strong, hot solution of lighter matters by running water, while gold, in 

common salt, which dissolves the silver chloride. virtue of its high specific gravity, is deposited. 

The solution is run off and the silver precipitated Gold quartz is very hard and compact, and 
by means of copper. contains the gold in veins. The oro is tirst 

The Ziervogel Process. The Zic*.rvogel crushed by rock breakers, and then reduced to a 

pro0e^* consists of roasting sulphur compounds fine powder by the stamp battery, the mortar of 

containing silver at a moderate temperature to which is lined with amalgamate copper plates 
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for taking up the gold. The r(?8idual niattcT w 
often treated in amalgamating pans. A stamp 
battery generally consists of five stamps working 
in one mortar, which is made of an iron easting 
about five feet long. The feed opening is on one 
side, and on the other is a finc^ screen of wire 
cloth through which the discharge takes place. 
The drop of the stamp varies fiom 4 to 18 in., 
with about 100 blowT^ per minute. In front of 
the screen are inclined tabk^s covered with 
amalgamated plates to catch the gold which has 
not been collected on the plat«‘S inside tlu^ mortar. 
The material escaping these plat(‘S is concentrated 
by some kind of shaking machine which separates 
the lighter from the heavier pnitick's which 
contain some gold. 'I’liesc^ concentrates are 
amalgamated in iron grinding fians. 'rh(‘ gold 
amalgam is retorted to volatise the mercury and 
retain the gold. 

The Chlorine Process. The chlorine 
process of extracting gold consists of (1) roasting 
th(i ore to remove sulphur and hast^ iiu'lals : (2) 
moistening with w'at(‘r and passing a. eurr(‘nl of 
ehlorirui through it in a wooden vat, having a 
])erforated bottom, which acts as a filter, and 
through which the gold solution [UTcolates ; (li) 
rnmiing olT the. solution and precipitating tlu‘ 
gold by iron sulphate or othei* suitable r(‘ag(‘nt. 
Ores and residues are usually concentrated hefori* 
being submitted to the ehloritiation process. 
Compressed chlorim^ is also us('(l and is very 
effective, but mon* expensive. 'Plie opiaation is 
conducted in revolving barnds limd wdth lisid. 

The cyanide process of extracting gold was 
introduced by McArthur and Forrest, in 1887. 
The ore is first crushed in rock hr(‘ak(‘rs, then in 
rolls or stamp batteries, then placed in vfits (o 
which ti I per cent, solution of potassium 
cyanide is added, which dissoIv(‘s tin? free gohl. 
The solution is then removed, and the gold 
precipitated by means of /.iiic. 

Gold is extracted hv ^melting f>rocesses from 
rich copp<*r rc'gulus. Tlu^ method is tiie same as 
explained for extracting eoiipt'r by tlu^ Welsh 
method. The regulus is partially roasted, and 
then the oxide and snlpbide react on each other, 
reducing the copper and gold, forming an alloy. 
The copper is de])osited by the. elect roly tie 
method, when the gold is left, and is afterwards 
melted with load and separated by eupellation. 

Refining and Parting of Gold. 
Impure gold is melted in criicil)les, and the 
impurities, if small, may be fluxed off with 
carbonate of soda and nitre. If iniieh impurity 
be present, the gold is first refined by adding nitre 
and borax, a little at a t ime, and skimming otf 
the slag at the completion. If lead be present, 
sal-ammoniac and nitre us(k 1. If antimony 
and arsenic be present, adding nitre and stirring 
with an iron rod will remove them. Gold may 
be also refined by passing through the molten 
metal a current of chlorine, which attacks the 
base metals and silver, forming chlorides. When 
much impurity is present, the operation known 
as parting is adoi)ted. This is usually done, on 
the large scale, with sulphuric acid, and in assay- 
ing, with nitric acid. It is first necessary to 
alloy the impure gold wuth about three times its 
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own weight of silver, giaiiiilate and boil in 
white cast-iron pots with sulpliuric arid, which 
dissolves all metals except gold. In the nitric 
acid metliod of parting, glass vessels are used. 

Platinum. Platinum is a Avhite metal, 
liighly malleable and ductile, soft, and (;au bo 
easily welded, very tenacious, and has nearly 
the highest specific gravity of all kinds of matter. 
Its speeilie gravity is 21 ‘5. It resists the action 
of the atmosphere and most acids, and has a.n 
t‘xtremely high melting point. It occurs in 
nature, like gold, in the metallic state, in grains, 
nuggets, and various alloys. It is extracted 
from its ores by both dry and wet methods. 

Ill the wet. method, gold and silver are 
separated by anialgamation, the residue is 
digi'sted with boiling nitric acid, tlu'n with aipia- 
r(‘gia to form platinum chloride. I’he solution 
is evaporated, redi^solved in water, and mixed 
with alcohol and ammonium chloride, when the 
double (‘hloride of platinum and ammonium is 
])r«‘eipitat(‘il. This is reduced to metallic phiti- 
nuin in a plumbago erueilile. 

In the dry method tin* ore is smelt t‘d in a 
reverlHTatory furnace with l(‘ad ores, thus 
forming an alloy with lead and platinum, which 
is afterwards cupelled. The product is then 
nu'lted on th(‘ linu* lu'arth of an oxvhydrogtu) 
fiirnaei*. 

Nickel. Ni(‘kel is a brilliant white* metal, 
malleable, lUietile. and weldable. Its melting 
point is about PotK)' (*., therefon* below that 
of iron. It is a magnetic* nu tal and om-^ of the 
harde.st, hence* its value as a coating for soft.e*!* 
medals. Its sj)e*e*itie gravity is S’S. It r(*adily 
unite's with oxyg(*u whe'ii lu'att*d, hut is not 
rc'adily oxidisable at ordinary temperature's, 
and ivsists the* action of sea -water heller than 
most im*lals. It is sellable in hydroehlorie*, 
nitric, and sulphuric ae*iels. Niekel, like iron, 
reaelily unites w ith e*arbe)n and silicon wlien fused 
with them. Whe*n e*ai bonie oxide* is passed over 
ni(*kel at 8tP (A, or less, a volat ile nickel earhonyl 
is fornu'd w hich may be^ deeompose'el at a higher 
te'inperatiire yielding the nieke^l. The^ ores of 
nieke*! are chietly sulphide's and silicates. 

Nickel Extraction. The' inetluKls of 
e^xtraction are se*veral, anel ine-lude (1) eem- 
eentratiem by reiasting to feirni rc'gulus or speise? ; 
(2) the conversion e)f the abeive into oxides hy 
wet or dry methods ; (11) the redue*tiem of niekel 
eixide by carbeai. As e'eibalt is fre'qiiently i)rese*nt, 
it may be jiraet ieally separate'd by the supi'snor 
aihiiity of nieke*! for sulphur eir arsenier and the 
gre‘ate*r te*nelen(*y for e’ohalt to pass into a silieato 
slag. 

Hy the we*t metheKl the* arseniele^ and sulphide 
on^s are first roasted, and the otheT elements 
are separated freim nie*k(*l by converting the iron 
into a basic afsenintc, the rt)ppea' into a sulplikh*. 
and the <*obalt is ])recipitated with bleaching 
powxle'.r. After filtering, the niekel is precipi- 
tated 08 oxide with lime. Tins oxid<- is tlu;n 
rodueed with carbon. 

The silicate ores of niekel are made* into a paste 
with cal(?ium sulphate or alkali waste, pressed 
into hrieks and smelted in -i small blast fur- 
nace. The product is a matte (sulphide). This 
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ift roasted, fused twice with sand remove iron 
and to eoneentrato tlic nickel. The nickel siil pliide 
is then roasted to oxide, and tlu' oxide is inad<» into 
a paste with earbonaceoiis materials and reduced 
to the metallie state in iron pots i!i a n‘ver- 
iH'ratory furnace. 

Jn Cantula, pyritic or(‘s are found coiilaininj^ 
about c<iual amounts of ni(*kel and copjK'r. 
The ore is first i-oasted in lieajis and then smelted 
with coke in a water-jacketed blast furnace to 
produce a rich cojtper-nickcl matte. 'I’his is 
r<‘-mclted and blown in a B(‘ssemcr converter 
to remove sulphur and iron, the latter completely 
and the former only partially, leaving a rich 
matte of <*oppcr ami nickel. This is then roasted 
and reduced in the usual wjiy tt> form a cop)>cr- 
iiickel alloy. 

Mond’s Carbonyl Process. Dr. Mond 
found that when carbonic oxide is passed over 
recent ly-r<Mluced nickel at a temperature ludow 
I5(V^ D., a eomponnd (Ni[(*01|) termed nirhi 
nirbonffl is obtained. A method is thus available 
for the se[>aration of niekel from its associated 
imdals. An oxidised ore or rc^asted pyrites is 
licated to 4t)n' (\ in water gas, wliieli reduces 
the nickel to the ni(‘talli(; state. Tlu^ nickel is 
then allowed to fall over shelves in a eyliiuler, 
kept at Stf' (J. or less, tlirough wliieh a eiirreiit 
of eaiboiiie oxide is ascending, tlius forming 
niekel earbonyl. This is conveyed t(» a seri<‘s of 
tubes and heated to 180^’ <^, wluMc^by the car- 
bonyl is dec’oni posed and n(‘arly pure niekel is 
deposited on the walls of llu* tube. 

Xiekel, when redue(*d from its oxide, is always 
wanting in nuillcability ami ductility. It is 
rendered malleable by {whling to it when melt(d 
a small portion of niagiu'sium or luaugaiiese. 
Nickel east into slabs is largely used as anodes 
in nickel-plating, but wrought jilates are bettev, 
being less soluble and more \miform in structure. 

Cobalt, (■obalt is a metal of a steel-grey 
(u)Iour, Avith a reddish east, and very similar to 
niekel in many of its j)ropert ies, hut of gn‘ater 
rarity and liiglier cost. It is used in alloys and 
tor electroplating. 

Aluminium. Ahuniuium is a A\hite, some- 
wliat soft metal, of considmable lustrt', highly 
iiialleabh^ and ductile, a good eoiidmdor <»f heat 
and electricity, Avith a high speeitie heat and Ioav 
sfM'cilie gravity.> Its elasticity ami tenacity 
an^ a litth' higlier than sihd’. It is higlily 
sonoi'ous. The atinost)]ien* has little, action 
upon it, dilute nitric and sulpliuric acids do not 
alTect it, but hydrochloric acid dissolves it readily. 
It is als(A soluble in solutions of so<la and potash. 
It is ehielly usim.1 for pur])oses Avhere lightness 
is recpiirt^d. 

It «)eeurs in most silieat<*s, and those in Avhieli 
alumina predominates are used for its extnictiori. 
As oxide it occurs in eoruiiduni. and as fluoride 
in eryolit-e. 

Alumina Avas first extraet<‘d frouj its ores 
V>y forming the double chloride of soilium and 
alnminium and displacing the aluminium by 
sodium. It is iioav extracted by electrolysis 
or by electric smelting, through the agency 
of electric It y in both eases. Tlie Dull and 
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Heroult processes are among the most success^ 
ftil. 'Phey are identical in principle and botli 
patented in 188(). one in America and tin 
other in Kranee. The Heroult cell [31] eoji- 
sists of a ear>)()n-Jined box, itself formiuu 
the eafhoile Avhile tlie anode is formed of a 

bundle of carbon 
jods. The hath 
consists of molten 
cryolite holding 
alumina in solu- 
tion. The tem- 
perature of the 
bath is about 
800° (\, and an 
ele<*trie ju’cssurc 
of to i> A'olts 
is sufficient. ^Phe 
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current density tunployed is about 7<k) amperes 
]>er s(piare foot of cathode, surface. The yi<‘ld 
is I lb. of ahimiiiium per 12 «‘leetrieal hovse*- 
])ower hours. "Phe alumina used is pre])ared 
from bauxites or an iiujnire oxide of iron and 
alumina by a (‘hemieal process. The (‘oavTcs 
proe<\s.s for tlie i‘xt lac'tion of aluminiiun iiad a 
eonsid<‘raf)le commercial success, but is now', A\e 
iindeistaird, not (‘arried fm. It emjrloyral a 
granular body ol high resistance whi(4i, IxMiig 
infiM'posed in the mriTr'iit. ])rodueed gi(*at*]iea1 . 
'Pile alumina is mixed with this resistance 
material, whi(‘h is carbon, and by its reducing 
;wtiou at the liigh Imuperaturc employed re 
ilireed the ahrruina to ahrminium. It is essential 
that the air be t‘xelude(l. 'Phis method is now 
< onliru‘d to tin* ])r<‘par’ati(>n of aluminium alloys. 


Zinc. Th(‘ metal zinc has a hlrrish-AA'hite 
colour*, a highly eiystalline firieture, and a 
nu‘lliug ))oiirt of 4*2(t' (■. It soon tarnishes in 
air, and is readily A'olatilc at a little above its 
melting-poirrt. Its spcailie grriAuty is 715. It 
etmiraels lurt litth* on i*ooling from tlu* liquid 
state*, and is tlierefort* an ex(x*lleut metal for- 
easting. In the east states it is knoAvu as spi‘lter-, 
and in tin* rolled state as zinc. Tt is malle- 
able only between 100' and 200'^ (\ Common 
vAnv is somoAvliat soluble in boiling Avati'V, and 
readily so in dilute acids. Althoirgh zinc rexulily 
oxidises it does not eorrrbine Avith sul])hur by 
<lii*e‘et unrorr. The chief impurities in eominer - 
eial zinc are lead, ai’senie, iron and eadniiunr. 
'Phe chief ores of zinc are zhic-hlende (ZnS) 
and rulaiiiim' (Zn(^()..). 

Zinc, iM'ing a volatile* rrretal, is extracted by a 
me*tltod e>f cli.stillatioii. The* erre is first calciiUMl 
to ibrin oxides, tlreii retorts Avith 

anthracite (earbon) and stremgly heated. The 
e)xide e>f zinc is ivdueed aiul the metal eon- 
de*nse‘el in fire-clay retorts j29J. For rolling it is 
ne*ee*ssary that zinc .should he refined, Avhie*Ii is 
eloiie on tlie heartli of a reve*rberatory furnace*, 
made to s]o]}e doAvn to a cavity at one end, 
into Avhieh the. zinc Hoavs. The bulk of the* 
lead sinks to the bottom, leaving not more* 
than 1*1 per cent, in the zine. Iron is not 
removed by this proeess. Zinc is used for 
gutters, cisterns, batlis, chimney tops, roofing, 
etc. It is largely nse^d for e.*imt ing sheet iron, 
f erm<*d galmiiisi ng. 
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Tin. Tin is found ill nature as oxide, and Arsenic. Arsenic is a briltUMiietal of a steel- 
Cornwall has been from a remoti; period noted grey colour and metallic lustre. Its spoeiHc 

for its tin mines. The oi e tirst undergoes a gravity is 5 7. It is a poor conductor of heat and 

mechanical preparation to concentrate it. After electricity, and in the pure state is without taste 
this it is calcined to remove volatile matter, and or odour. It is vciy volatile, and l»urns in air with 

then smelted in a revcrb(‘ratory furnace with the formation of tlie white? oxitle, As.O.j. It is 

anthracite coal to reduce the metal. The pro* a constituent of shot metal and other afloys. It is 
ducts are tin and slag. The tin contains various a valiiahJe hron/ingagent. 'Hie ores are sulph ides, 

impurities, and is refined by liquation and hut it occurs ehielly in ores of otlu'r nu'lals, siieli 

poling. By liquation the tin tiows out, leaving as lho.se of nickel and cobalt. It is extracted 

much of the foreign matter behind. The poling from its ores in retorts, from wliieh, on being 

causes evolution of gas, which agitates the metal heated, the arstaiie sublimes and is collected, 
and brings the impurities to the surface, forming Bismuth. Bisinuth is a comparatively rare 
a dross. The varieties of eommereial tin an? metal, as.sociated chiefly with ores of nickel, 
commnn or ingot tin, and tr lined or grain tin. eoiiper, and silv(‘r, from which the crude metal 

Tin plate is slieet iron coated w ith a layer of tin is sej)arat(?d by liquation, or smelted by rousting 

to prevent oxidation of llie iron. The best iron and n'diiction in crucibles with iron and caj hon. 

plates are jirodiiced from ore smelted with char- Tlie raw^ metal is refini‘d with nitre. Bisinuth is 

coal, and termed c/m ?ro<;/ (’opper is also a reddish- wliiti? metal, highly (Mystalline and 

tinned in some cas(?s, as for cooking utensils, hritth*. Its low' melting point ami its ])ro])erty 

to prevent the food htang cfmtaininatcd with of expanding during solidilicalion make it ust'ful 

copper salts. IMiosph<ir-tiu is tin alloy(?d w ith as a constituent of <‘(‘i‘tain alloys, such as tiiu* 

4 to 0 per cent, of phospliorus, and used for sold(*r and type metal. It melts at ‘ihS' (\, its 

making ])hosphor- bronze. s^ieeilic gravity is 1)'8 in the solid and lt> in tin* 

Tin is a white im^tal of low* tiMiacity but great licpiid state. It burns in air with a hhiisli-w'liite 
malleability. Wlien a bar of tin is hi'ut it pro- flame, forming hisrmitli oxide ( Bi.^O..). Bisinulh, 
duces a crackling sound kmiwn as tin? rrtj of like Icjid, may ht* us(‘d as a solvi*Tit metal in ‘he 
tin. It is very prom* to crystallise, and when the prociss of cup(‘llation. It is used in the con- 
surface is washed with aipia regia the crystals struct ion of thormo-])iles, in fusihU* alloys, and 
are clearly seen ; this is termed wmircc metallique. in some kinds of type im-tal and steno metal. 
The S})(?eifie gravity of tin is 7*5, and its melting Mercury. ^lercury, or (piieksilver, oeeiivs 
point 252“ (■. Wien tin is just melted and in nature in the im'tallie slatt* and in einnahar 
allow'cd to cool, the surface remaiits bright if the (HgS). The metal is (*xlraeted from its ores 
metal be pure, but the presence of lead, iron, liy a distillation method. The ore is lieated in a 
etc., tends to impai t a frosted a])])eararK*e. The special furnace, and the vapours of menmry 
impurities in common tin are leacl, iron, arsenic*. eon<h'ns(‘d in cond<*nsing ehamhers. TIu* erudt* 
copper, bismuth, tungsten, and s()inetime.s im‘ta! may contain Ic'ad, bismuth, zinc, cadmium, 
manganese and zinc. Tin is a poor (‘onductor of and other impurities. It is purified by eovc'ring 
electricity. It is capable of assuming an alio- the metal w'ith dilute nitric* acid, and allowing it 
tropic form, cnunbling to iiowdcr w hen expos(‘d to stand soim? time ; tin? acid gratlually dissolves 
to a veiy low' tem|)eraturc. out the base metals, together with some* mcr- 

Antimony. The cliief ore of antimony is cury. It is linally redislilled, and is thus made 
stibnite (SboS.j). This sulphide may he largely pra. tically ])urc. 

scparatccl from the rock in w hich it occurs by ^Vrcrcury is a silver-w bite nu'tal. licpiid at ordin- 
liqualion. This is done on the concave hearth ary t(‘mperatun*s, and boils at 5(»0 (’. ]tsspt‘ciiic 
of a r(?verbcratory furnace*, which is lined w ith gravity is 15'b. ft is not alTcctod by air or oxygen 
<*harcoal to prevent oxidation. Antimony was at ordinary tem})eratur(*s, but if any discoloration 
formerly called requluti oj nntimnnff^ and in this oi-eiirs on shaking it in a bottle it indicates that 
country is e.xtracted by reduction in crucibles by im}mriti(‘S are pn sc'iit. It is used som(*what in 
metallic iron. The metal is purified by fusion gilding, but clhc*(ly in the (‘xtraction of gold and 
with nitre, or by melting and stirring with an silver, jind in the con.st ruction of thermometers, 
iron rod. harometers, (*te. In df*ntistry. m(*iTury is a 

Antimony is abluish-wliitc* m(*tal, higlily erys- constilU(*nt of dentists' preparations and alloys, 
tallino and brittle, with a speeitie gravity of G'7. Magnesium. Mjignesiuin is ii metal very 
The .surface of the east metal shows characteristic similar to aluminium, hut w hiter and lighter, its 
fern-like markings. It expands on solidifying, specific gravity bi'ing only T74. It melts at 
and imparts this property to many of its alloys. 75G ' (.., and boils at about 1,100 ' C. It is iath<?r 
Tt melts at 032“ C. it does not oxidise in air at more oxidisable than zinc. It is best worked at a 
ordinary temperatures, but, when liealcd, unites temjieraturo of 150“ (!. Magnesium wire is mad«‘ 
with oxygen to form the white oxide, 8boO;,. by forcing Ihe heated metal Uirougli holes in c 

Antimony is too brittle to be used alone for steel plate, and magnesium ribbon is TnMd(* by 
mo.st purposes, but it is of great service as a (lassing the metal between heated lolls. It is 
constituent of certain alloys. li is used to liarden u.sed in the refining of some raetnb. ow ing to 
lead and tin. It is very valuable, in type its great affinity for oxygen nnd ^'tluT non- 
metal, imparting the property of expansion metals. It is a constituent of souh alloys, such 
so necessary for obtaining a sharp and well- as magnalium, w'hich is conq>‘>'<<'d of 100 parts 
defined impression of the letters when printing. aluminium and 10 to 30 pni f ‘^f magnesium. 

Continued 
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MANDOLINE. BANJO. AUTOHARP. DULCIMER 
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Construction of Instruments. Position of Player. The 

from 

Strings. Tuning. Fingering and Special Effects. Exercises 


By ALGERNON ROSE 
THE MANDOLINE 


'Tlio inaiHloliiio derives its namo from 1li<‘ word 
“ inandorJa,” an almond, tbo shape of wliieli niit 
suggested the outline of the body of the instrii- 
immt. Tliere are tw'o kinds of mandolines - 
those with four ])airs of strings, known as tln» 
“ Neapolitan,” and those Avith live j)airs, eall(‘d 
the “ Milanese.” As the live double-strung 
instrument is rarely met with, we will d(‘vot(‘ 
our attention to the Neapolitan variety. 

The Strings. The toj) string is E, the second 
A, the third i) (called the Bourdon), and tlu^ 
fourth <r, the lowest ])air being gut strings 
oviMspun with silver or copper wire. There- 
fon^ tlie tuning of each ])air res(‘nibles the tuning 
of tlu^ single strings in tin* violin nain(‘ly, in 
lifths. 'riu* 1.) strings are of st(‘el, also co venal ; 
but the A and K sti ings an^ <)f plain steel. 

'riu* small metallic l>ars Avhich cro.*>s the tingi r- 
board IxiiUMith the strings (there are usually 
‘27 of th(*m) are knoAvn 
as jrctfi, Jietwe(‘n each 
fret the space rep»<*' 

Ht‘nts «)n(v note on tlu^ 
pianoforte, or a semi- 
tone in music. In 
manipulating the tin- 
gerboard, the ])laycr 
must bo careful Avith 
his left hand to plac<‘ 
doAvn each lingei’ as 
firmly as possible, or 
the metal strings Avill 
ehattf'P against tli<* 
frets and cause an un- 
pleasant buzzing. Play 
Avith the finger-ti|)s ; 
they Avill get sore at 
lirst, and contact with 
llu* Avires Avill j)roduc<^ 
corns, but the studt‘nl 
will not long Ix^ incon- 
vimienced by this. 

Position. Tile posi- 
tion of the player is 
likiv that of the guitar- 
ist. Sit on «a chair ; 
cross the right. Icig over the left, or put the right 
fool on a liigh stool. Hold the body of the 
mandoline lirmly betwix'ii the knee and the 
chest, so that the jilayi'i's right forearm may 
move freely. The head of the instrument (contain- 
ing the tuning pegs) should project a handspan 
Ix^yond the left shoulder. Bo eareful to kwp the 
rig)>t hand and wrist linn, so as to <dear the 
strings and bridge. Keep both elbows doAvii. [Ij 

The strings are s(‘t into vibration by the use of 
a pladnun. One of real tortoiseshell Avill last 
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tor months, but the genuine article is not easy 
to obtain noAvadays, celluloid, Avhieli is less 
flurable, b(‘ing sold in its place. With tin* 
pl(‘ctrum the instrument is played either 
trtmoht or pizzivato. The former method 
sustains the tone and th»^ latter hn'aks it. 
Tin* tip of the pleidrum should bi^ flexible, and 
th(^ Avidr^ <‘nd quite lirm. Hold it at right 
angles to the strings Avith its flat side in a lim* 
Avith llu‘m, ()i- place it betAveen any pair of 
strings. While grasping flu; jilecfruin firmly, 
keep the i‘r‘st of flu* hand limp. 

'I’o tremolo proptaly, it is imnei essary to usr 
force. Htiike the strings gently, iii’st doAvii and 
f hen up. Alake the motions of the same* strength, 
st> that both Aviies are stiiiek equally. Do not 
at tern jit to ti'(*m()lo fast Ix'fore being able to do 
so t;vt*nly and slowly. In other Avoi'ds, Ixdore 
trying to run, hanri to Avalk. We have lieard of 
a Ix'ginner tying a a\ ateh to his ear and regulating 
the. sp(‘cd of his timnolo by its ticking. Fifteen 
minutes’ juaetica; of this kind, keeping strict 
time, w ill b(‘ found to tlo luor’e good than an hour’s 
pra<*ti<‘e of un(‘ven tAvanging. 

Some Effects. From bottom (1 iqiwards, 
the mandolim* lias a eoinjiass of four octaves 121. 
The toj) octavi* is s(‘ldoni used. 

It should })erhaps 
lx; hme mentioned that 
a. knoAvledgr* of musical 

theory pri'HUiqrascd 

Ucc jiage ,371. When 
the student has playetl 
Avith thii jileetrum the 
lirst octave; of the 
tliilerenl major scales 
indicated in the eoiirse; 
for- tiu* violin Ipage 
*21211, should rep(‘ai 
them Avith the left 
hand alone. Hammer 
out each note on the 
fi*i;ts Avith the tingers. 
Try to jiroduco as 
much tone as possible 
Avithout touching tlie 
strings with the 
Irum. 'rids is an exe(;llent exercise for 
strengthening the; lingers of the left hand and 
making their movt;nients indepe;ndent of <;ach 
other. The effect produced by a good mando- 
line player Avho by practice lias made his little 
finger apparently as strong as his first is not 
unlike that of tJio soft percussion stop in a 
AFustel liarmoniiim. 

Another mandoline etToct Avhich must l>e 
.studied is the knoAvn also as tho legatura. 
This is indicated in notation by a curv^ed line 
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linking together two or nu>re not('-^. To insuro 
the tremolo continuing ^vithout the slightest 
break, the ])lay('r, at tin* Ix'ginning of a slur, 
strikes tlu* strings onct^ only. By gliding the 
■fingers of the left hand tirndy up or down the 
fingt'rboard, th(‘ tone is tluMi carried from oik's 
note to ariotlier 'without further stimulus. 

Another speciality of tlie mandolim* is the 
echo effect. As the word iniplie.'^. it is an itera- 
tion, softly, of a chord or ar]>eggio already 
played. The way to gtd this is simple. 33ie 
plectrum, being licid by th(‘, thumb and first 
finger, leaves diseiigagf^l the second, third, and 
fourth fing<‘rs. Aft*‘r striking v ilh tlie pieetrum 
loudl^', draw tlio disengaged lingers across tin* 
four strings in an upAvard direction. 

The production of harmonics is a distinct 
charm of the inandeliiUN Tlicst* dulcet, sounds are 
<‘lieited by loucliing the string lightly immedi- 
ately above tlie fourth, tifth, scviaith, or tAvclfth 


frets. At the 
same t i m o 
7 strikoAvith the 
plectrum. Then 
take both the 
hands off so 
as to set the 
free to 
the 

vibration. 

.AnotluM* dis- 
tinct iv<‘ feature 
ill mandidine 
})laying is the 
stnipfuito. In 
Fnglisli this 
m a n s t, o 
Avri'iich (» r 
]) 1 u c k o IT . 
Strike th(‘ in- 
tmuh'd chord 
do Av 11 w a r d s, 
ar[)cggi() fasti - 
ion, then hi'ing 
tlu^ plectrum 
cjiiickly u]>Avards across all tlu' strinfjs. As a 
close to a hrilliant march or other similar 
music-, it gives a good finish, and sliould, 
tluTcforc', not hc' OA'crlookcd hy the ambit ions 
])lay(‘r. 

A Fault to Checli, One word in con- 
clusion. A common fan It in practising a solo 
insirumc-nt is tlu- tcmdc-ncy to disn-gard precision 
in time, hy hurrying over an c-asy passage and 
slowing doAvn whe-n any ditlicnlty occurs. 
The liest remedy for this is (‘usc-mbh' playing. 
A bc^uitiful (piartct, for A\hich good musict lias 
been writtc-n, can be- forinc'd by associating to- 
gether a first and .second mandoliiu', a mandola, 
and a guitar, the lattiT jilaAung tlu^ bass part 
|Fx. 11. 

The l>c‘st known c-xamph-s of cm])loymcnt of 
tlu‘ mandoline in the- orchestra, occur in Mozart's 
“Don (hovanni," Handers “ Ak-xaiidc-r Hahis,” 
-Old Paisic-llo’s “ Barber of Seville." 


Ex. 1 


TARANTELLA (Italian Dance) 

PriG'tbo slowly .at fiV'.i. work up (In* rum- till it i'^ I’frHto 







MUSIC 


THE BANJO 

Thtt l)anjo ir. in no way (lescondod from tln» 
Knvo])can Into or guitar family. Jl is of African 
origin^ and tlirough the negro slaves of th(‘ 
SoutluTH iStiites of North AmcTiea. tlie hanjo 
gradually heeame po]mlar with our white Irans- 
allnntie cousins. From America it came to 
tiicat Britain and the European continent. 

'Pile hanjo is tjharaetcrised hy its ciiHmlar hodj'. 
or liooj). Tile head of tJie hanjo is open under- 
neath like a tarnhouriiKN or lik(^ the half gourd 
used in many m‘gro instruments as a resonator. 
Without a fairly dec]) rim, or hoop, the hanjo 
would lose much of its tone. Tin* rim, therefore, 
acts as its sounding-hoard. From the hoo]> 
extends a long neck, sometimes called the 
“ tuindlc. ' This is usually of w’alnut, the upper 
sui“fa<‘<* being overlaid with an ehoiiy tinger- 
hoartl, across which, at lessening intervals, ar«‘ 
narrow' ridges of metal called “ freds. ' 

Construction. A peculiar feature in the 
construction of th<‘ hanjo is the way in 
which its shortt'st string is ])laced. 'Phis is 
know'll as the “ elianterelle,” or, literally, its 
“ singing " string. Instead of being in its 
natural order, as the top string is in Europtain 
instrunuaits, it is })ul next tin* lowest and 
long<^st string on th<* ling<‘rhoard. 'J'liis is 
suggt*stiv(\ "Ph(‘ thumb of the nc'gro, constantly 
employcHl for climbing, is said to Im* rather 
longer than that of the white man. At all 
events, this is tlie thumb-string, and <‘xtM‘rf 
hanjoists are as dependent on tin' thumb for 
their success as was any gladiator — in another 
sense. — in the arenas of aneh'nt Rome*. 'Phe 
thumb-string on the banjo being shorter than 
the other four, its tuning peg is situat<‘d two- 
fhrrds of th(» way up the neck instead (>f at the 
h(*ad. Advanced players sometimes favour six, 
seven, and even nine stringed banjos. Rut the 
beginner will learn the ordinary instruimait, 
whi<*h has five strings. 'Phcii- ])itch is an octave 
lower than the not<*s indicated in music printed 
for th<*m. 

Tuning. 'J'une the fourth string to the C 
on the piano, second space bass clef. 'J'liat is 
the actual sound, although in the music it is 
represented as (\ first ledg<*r line below' tiebk*. 
staff. Having done this, tune tlu^ third string 
a lifth abov<5 the fourth, to (il in the fourth s})a<’e 
bass clef. Next adjust tlie second string a 
third abort! (J — namely, R. Now' tune the tliirtl 
string a third above R, to D. Do not tunt* each 
by the piano. Only use it to test the strings 
when they are tuned. i\s soon as tJu! (■ string 
has been adjusted to tht! ])itch, its s<‘venth will 
give the O for the third sti'ing. Likt!wis(*, tJit! 
fourth tret of the CJ string, when tuned, will give 
the li for the second string, and tlui third fret 
of the R string will give the 13 for the lirst. Now' 
stop the fifth fret of the first string and tunc the 
thumb-string in unison with it. If this is done 
properly, it will Ix^ an octave liighcr than the 
open of the tliird string. 

Tlie banjo is Ix^st played sitting. (Voss the 
right leg over the loft. Rest the fore part of the 
hoop on the h^g. liic near side of it should be 
in contact w ith the j^hiyor's chest, and thus }>o 
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held firmly. The handle. Avhieh now iiieliiu's over 
the left shoulder, is manipulated by the fingers 
of the left hand. Rest the little finger of the 
right hand on the vellum sounding-board, in a 
line with the bridge. 

There are two general methods of banjo 
playing. The first, and more usual, is by picking, 
or plucking, with the tips of the fingers of th<^ 
right hand. The second method, which iner<*ases 
th(i sound for concert playing, is by the thimbU*. 
This is worn over the nail of the first right tinger. 
With it tlu^ strings, instead of bt'ing [mlled, are 
struck downwards. 

Bxercises. Begin with tin* exercist* on 
the open strings. Grasp the handle with tlu* 
thumb and second joint of the first linger. Kch*]) 
the left fingers el<*ar of tlie strings. KememlHr 
that the right thumb is used for the three strings 
on the left. The lirst finger is employt'd for flu* 
second string, the second riglit finger for flu* 
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lirst string. But the third fiiig<‘r is only list'd 
occasionally, as in chords or ar|)t‘ggio passages. 

Now study carefully the pro])er lingering for 
the left hand. Ft may seem eom]»licat<‘d at 
lirst, but afttT a e(‘rtain amount of praeliet* it 
should bec.omt* automatically correct. All tlu* 
sounds which tlu; live strings produce on pr(*ssiii<* 
of the twenty-two frets are noted in the actuun- 
panying tabic. Tlu* cbanterelle,’’ or thumb- 
string, being highci in pitch, lias intervals shorter 
than those of its neighbour, jSi't* last page.) 

Reference to this diagram shoukl enalik* the 
student to finger out for himself any music lu* 
wislu*s to study. 

Tlio easiest scale to ]ilay on the banjo is 
(J major, with one sharp, F. "Jliis is the natural 
key of the instrument, 'fherefore learn that 
scale first. Tlu* ting(*ring is shown in 3. 

Observe that, when the lirst linger of tlu* k-ft 
hand covers the first fret, the hand is said to 
lx; in the first pcfsitinn. Now let tlu* lirst tiiigi r 
fall on the second fret. Tlu* hand is now in the 
second 'position. According to the way the hand 


]n*ogresses along the fingi'rbonrd, so is it in the 
thirds jourthy or fifth positions. 

The Strings. Bear in mind that tho 
strings cannot Ix) pressed loo strongly by tho 
fingers of the left hand if a good tone is to Ih) 
ae(|uired. 'I'liere is a marked dill'en'iu e between 
the ipiality of an open string and of th(i samo 
string when sto])]H*d by the finger of an ordinary 
amateur. The r(‘ason is lu'causc; the pressun*. 
or stress, on flu; string at file point where it 
g(x*s over the top-nut, and is juilled back by tho 
reverted lu'ud of the instrument, is enormous, 
'fry to mak(‘ each tinger a tn])-nut. 

The popular ‘‘ bi'eakdown,” or ste])-dance, 
known as “ OUl Virginny ’ may now' lu; practised 

|I*N. 1 |. 

X(‘\t ])roe(‘t‘d to tlu; seali* of G major. Later 
on. study all the sharp and then all the Hat 
scales. With ]K*rseveranee, (liHieulti(*s will bo 
overcome. 

•MeanwhiU*. tlie intelligent student will study 
that h'atuie in lianjo playing known as tho 
snap. ’I'his is indieat(‘(l in nutation by a straight 
liiu* drawn from one note to anotIu‘r ( 1 j. 

Prodii<*«‘ tlu* fiist sound by plucking the string 
with the riglit hand. Tlu*n, with the U*ft tinger. 
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sna])-"-or ])i//,ieato — tlu* noti; which follows. 
Having sue(*(‘(*ded in doing the ximjle. snap 
neatly, try playing tlu; donhhi snap. As before, 
pluck the first note with the right hand. Then, 
with tlie left, snap tlie two following noU'S (2|. 

Owing to tlu* presenei; of frets, it is (;asy on 
the banjo to trans])ose the sounds of the strings 
by yilaeing the lirst U‘ft tinger across them. To 
do this propei ly, the thumb must be at the back 
of the iu*(*k, away fioiu tlu; chanterelle, so as to 
act as a leviT. 


Kx. 1 “OLD VIRGINNY 
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Harre. "Phis inHliod of lrHns])ositioii im 
termed hafn\ Nf fording to the position t>an*e, 
so it is iiidieatt^d in the music as 1 P.H., 2 P.B., 

P.l^., elf. 'Phe Hrsi linger must i)e planted 
lirmly, seeing that it c-iits oil a vibrating por- 
tion of the nei^k and forms a fresh toj)-nut, or 
m/x)/a.s7o. Beyond this new top-nut, tlie stfond, 
third, and fomt]» lingers stop the notes as re- 
quired. 

When a slur in the printed m\isie ties one note 
h> another t>y a curved line, the way of ])laying is 
to slid<‘ the linger which stops the lirst note 
firmly on to the s<‘cond while the string is 
vihniting. What is technically known as the 
slide is the longer slur. Of this there are several 
kinds. In playing harre, the lingers forming the 
notes beyond the bar should, like tin* lirst, jaess 
lirmly. If, on the <ontrary, they touch the 
strings abovt* tin* fr<‘ts very lightly, the eIVtft 
is that of a silvery note at a higher pitch. This 
is known as a harmonic. Jt. lias a bell-like or 
Hilly (Oiaraeter. 'Phe jirineijial harmonic notes 
on the banjo are obtained by touching .softly 
file fifth, seventh, a,nd twelfth frets, or the 
s<w<*nteenlh fret on the thumb-string. So as to 
be easily rearl. harmoniis are usually wrilti‘n 
an octave lower than they sound. Th<‘ har- 
monic at the ninel<‘entli fret of the thumb- 
slring is analogous to the seventh on the third 
st ring. 

The Vibrato. We have so far dealt with 
various Avays of stop])ing the notes ; but, besides 
pressing them down lirmly, th<^ student who 
desir<*s to lx; a good banjo player will practise dili- 
gently until Ik; ac<|uin‘s the ability to cause eacli 
linger of his left hand to make t lie siring I hrol) 
or quiver sympathetically. 'Phis delightful elVect 
is known as the cibraio. Not only is the pul- 
sating tone pleasant, but, its [iroduction seems 
to reinforce and iiitiMisify the. sound of the 
instruimMit. Kegard the tip of the linger as a. 
fulcrum. Press the lirst joint gently forward 
and backward. Do not jerk the string. 'Phe 
m'ces.sary rapidity of motion nxpiires practice, 
esfMsdally as regarils the w('ak<*r lingers. Tin* 
only way is ft) ie]X'at the exercisi; fiatiently 
day after ilii.y until the knack is acijuircd. It 
will ])robably come when least expected. When 
once l<*arnt, it. is not forgotten. 'Phe time 
occupied in obtaining it is well s]M*nt, because it 
is not easy to exaggerate a. gocxl vibrato on a. 
stringed instrument, wluMvas the saiiu* elfecl 
applied to the voice too oftiai beconn‘s weari- 
some mannerism, which militates against the 
success of the vocalist. 

Varieties of style of niani])ulatioii in haiijo 
playing done with the right hand are known 
as the tremolo, jannimj, thimble playimj. and the 
An (wen tremolo is nearly as difliciilt to 
learn at lirst as is the vibrato for the left liaiid. 
Jt is produced liy the tip of the first Huger veiy 
quif*kly heating the strings to and fro. At- the 
same time, the lower notes, furnishing cither 
aecompaninumt or int'hKly, are played Jiy the 
thumb. Fanning, althougli somewhat similar, 
is more deliberate than the tremolo. 

Thimble playing is employixl when a powerful 
tone is requiiv'd. 'Phf‘ first fingei* strikes the 
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strings witli the thimble instead of twanging 
them, the thumb meanwhile })lucking alter- 
iiate notes in tlio usual fashion. A fuither 
development of this hraneh of study is known 
as thimble rolling. Like cveiy thing artistic, it 
usually requires considerable practice to obtain 
a good clfcct. Altlioiigh the harjfist keeps liis 
nails very short, the hanjoist, like the (Hiinese 
mandarin, must cultivate his for playing the 
rasp. This is ])roduced hy passing the finger- 
nails of the right hand lightly across the strings, 
either with the back of the hand up or the palm 
up and the nails reversed. 

Sufficient has been said to show that, although 
the ludiments of banjo playing are easy to 
acquire, the instrument is not ca.sy to master 
tlioroiighly, and amongst- its exponents arc notj^ 
a few players of cxtiaordiiiary skill. 

Ihit the studiml will find that its difficulties 
will vanish with pi'isisteiit. well-ordei*ed practice. 

THE AUTOHARP 

'Plus instrument is in shap<* like the /.it her 
rather Ilian tin* harp. 'Pin; distinguishing 
feature in its const met ion is that the strings 
ai<‘ eioss<‘d a-t right angles by bais parallel to 
<‘ach other. By m(‘a.ns of sfiiral sjirings, eaeii bar 
is kept ch'ar of th(‘ \\iic‘S Ih;Io\v except vvluai 
pressixl down. An arrangemeiit of pieces of 
felt then damps the vibration of certain strings, 
a.l lowing the others to sound freely. 

ifiace the aiitoliarp on a flat table, taking l ari* 
that the spikes do not siualeli the siirfaei-, 
with the straight side of tlK‘ instrimnuit inclining 
towards the player at an angle .so that the outline.s 
of the lingerhoard and bass sirh; represent rmiglily 
the h‘tter V. I'A'eiy string is n limbered iindt;r- 
neath on the sounding- lx)ard. (VuTcsponding 
niimhers are ]>rin1<'(l over ea<‘h note in music 
arranged for this instrument. No previous 
knowledge of notation is therefore necessary. 

The Strings. Of the tw enly-four .strings to 
lx* found in the usual typi^ of autoharp, those 
iK'are.st tin* playi'i* are ol covered wire. These 
strings repr(‘sent tin; ]X‘dal notes, or roots, of 
chords formed on pressing the bars andsweejung 
the .strings. With the left hand press down the 
bar nearest the tuning pins. Set the strings 
in motion hy guiding the thumb of the right 
band along tliem. 'Phe not(‘S which sound are 
(’, I^], (L whercwiM' they oeeiir throughout 

tlie i-oinpass, the other notes being silenced hy 
pjwis of f(‘lt underneath the bars [L/j. 

Now depri'ss the next i(xl, marked B. Sound 
tlie strings. 'Phe chortl heard inelud<*s every 
I), Fi, and (! in the scale \ih\. 

'Phe third bar, marked (\ leaves open every 
(k B, and D in the compass | Ir}. 

.Ml strings which sound TO, fJ, B vibrate 
wIk‘I 1 tlie fourth bar, imuked D, is put 
down I If/J. 

Tlie fifth" bar. marked E. soiimls (;verv A, C, E 

riel. 

Lastly, when the sixtli bar, marked E, is 
pressinl, it allows (*very B, D, and F J to vibrato 

ii/]- 

All melodies lor the simple autoharp are 
written in the key of G, with one sharp, 1^ 
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The eoiiipass usually consists of twenty-foui’ or 
twenty-live strings. i)oing tlio dial on it* scale of 
(i, to whicli art^ atklecl the petlal nott's of C and 
1), and liaimonie sounds can he obtained hy 
touching the (J string (4) lightly above the frets 
(beyoncl the bars) 

Althougli thf! antohnrp may bo j>laved l»y 
those wlio know notliing whatever of musical 
notation, in the hands of a mnsieian an ho under- 
stands the principles on which its mechanism is 
arranged it is something more than a mere toy. 
He can elicit sonic beautiful ctTects from it, 
inasmuch as the third bar gives tin* tonic, chord 
of G major, the second the dominant, the first 
the subdominant, tlu* fourth tia* relative minor 
chord of (b the lifth the relative minor chord of 
the sub-dominant, and the sixth bar the relative 
minor cliord of the dominant. 

To show what can bo doiui in tlx* way (»f auto- 
harp music, wo may mention that tlxi so-call(‘d 
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“ Krato ’ autohar]i has a compass of thr<‘(* full 
octaves from C to (_\ containing all the sc*mitones, 
and its elaborate mechanism enables tbirfy-six 
ditferent cl lords to In'! playt^d — namely, the 
iwelvti major, twelve minor, and twelve chords 
of the seventh. 

Use of the Ring. For sweeping tho 
strings, an ordinaiy zither or banjo thumi)-c*lip 
of celluloid, called a n/a/, is used. If the ring 
is too small, it will make tlie player’s thumb sore ; 
if too large, it Avill spoil the accuracy and firm- 
ness of tone. Therefore, see that it fits. By 
holding up the thumb and sweeiiing the strings 
with the tips of the other fingers, a delightful 


jnaiiissimo I'fi'ect is obtaiixii. 'J’o siNaiee tJie 
sounds, put tlx* fiat of the left hand on t lu- 
st rings. 

Tuning. But the charm of tlx* instrnnx*iil 
Avill he entirely lacking if tlx* strings .-iro not in 
good tunc. Ik* careful to gc^l. a tuning hammer, 
or key, Avliicli is of hard metal, and fits the ])ins 
)>ro|H*ilA. If it sli])s on the ])ins, tlx* latter will 
be rac*ked and gradually JooseiX'tl, and tlx* 
instniinent soon spoilt. An N*asy giiidi* to tbe 
tuning is to folloAv tbe. notes indicated on a. piaix* 
or barmoniuni. Wh(‘n the playi'r g(*is accus- 
tomed to tbe sounds rc(|uircd, the bcl]) of a key- 
board instrument may bi*. dispensed A\itli. and 
tlx* tuning done from a (I pitch -]»ipe or tuning- 
fork. 

On tlx* aiitobarp Avith six bars, tbe (J string is 
usually the ninth from the left. In sonx* instances 
it bears the iiumlxM- 4. pedal notes b(‘ing marUeil 
with Komaii iuim(*rals t«> distinguish them from 
tbe diatonic; int(;rvals aboAa*. But tlx* li*tter of 
<*aeli note, is print<*d on tlx* inslrumc‘nt itself, so 
that one cannot make; a mistake*. 

If 4 is tbe number of ])iteh (b tlx* strings 
t», S. and II will giM* tlx; ix)t<‘s 15, I). and the 
oc'tave (i, found iindc*!- tlx; third liar. marki‘il ('. 
IV<‘ss down this bar xnd k<*<‘p it down with a 
pap<*r-wt*igbt Avbile tuning these* strings, so as 
te) slnit off tbe sounds of the* otbe‘rs. Put tlx* 
tuning liamme*r on tlx* ]un e>f B (No. Ifi), an 
eu'tave* above; B (fi). wbie*h tune* next ; llx'ii 
tune*. ])f‘dal B (W.) twe; eielave'S Im*1ow'. De'al in 
the same* way Avith tlx* tbre'e* D's. 8, lo, I. 4’uix* 
IS anel 111. with piteh (J (II) and its octave (4). 
Ne.)w i*e*le*ase; bar i\ and turn* tbe int<‘rmeHliat(* 
nede*s with tlx'ir oe*ta\a*H. 're*st them with tlx* 
bars of ( ■ major (“ A " bar), anel tlx* elominant 
of (J ('‘ B " bar). As tlx* same* strings are* e*m- 
ple)ye*el in forming the; re‘lati\'e‘ minor <*bords, it 
folleiws that, when tbe* strings se>nrid(‘d on jiressing 
tbe* first tbre‘e* bars are* tune*el eorr(*etly, tlx*y Avill 
•x*e*oreJ alse) wbe*n the otlx*r bars a.ie* iise*el. 

Autoharp Score, in tlx* music piinte*d 
for the autoliar}), a numbe*r and e'ajutal lette*i- 
Avill 1 h* found irKlleate;d ov(;r (;ae*h iiole. The* 
iiuinlH*]* re*fers to the string and tlx* }>oint A\lie*re*, 
ill sw'e‘e*ping » e’bord from led’t lei right, e.)ix; must 
Ih* e*arefid to finish e*ae*h move‘ment. 'rhe*si* sue*- 
c'e ssive; te)]) note;s not only e*omplcle e*a<*li chord, 
but, in doing so, furnish the* melexly. 4’be‘ e‘a])ital 
Ie*lte*r above e*aeh numbe*i* in the; uiusie;, show ing 
which bar is to Ih; presse*d de)W'ji Avith the* le*ft 
Jiantl, lias ikj l■e*fere‘ru;e te) ae;tual n()te;s, tlx* 
G major chord being usually lal)elle*d " ' 

It. is easy to arrange* any siiufile* tune* wliieb 
do<*s not eontain sbur])s or fiats for tlx* e)rdinarv 
auteiharp. Tlx*rt*f()re*,ge*l a musx*al frie nd totrans- 
])e)se; the to]) line e)f a hymn or olhe‘i* straightfor- 
Avard melody into the. key of ( J. 'J’beii aatiIc above* 
<*acb note the numbe;r e)f its string e)n tlx* xuto 
liai'p, putting ()v'e*i* the numbe*!* tlx* letter ot tlx; 
])ai* to be ])re*sse*d down. Tlx.; player's e-ar Avill 
guide him lej flu; choice of the right bar. He 
Avill thus be able to furnish himself ANitlxait 
ox]K;nsc Avitli his oAvn special stock of autobar]) 
music. As an illustration of this, avc give; the; 
e*harming old country tune known as “ The 
Dusty Miller,” the drone bass of wbi(;}i through- 



MUSIC 

Ex. 1 c c c 

V.i 14 1.'. Ill Vi 11 


T>;? v,r ^.r -iic ■>t^ nf 

10 12 12 lit 12 11 


c -)K' c c ri:- i!:- 

l:l 14 15 13 12 11 



C C C C Ml 
8 n 11 13 12 11 


Hoy, t.ho Hus - ty Mill- or, And hisdus-ty ooat I 
C BCCBC BBBFBC 


j...^ 


Ho will win a shill -irojf, Or spend ft jfroat. 
c: B F F K D F D D F E D 


C C C C 

13 i:> ir. 18 17 


C 

13 12 11 


C C Mt c 
13 ir. i« 18 17 


C C C C MC- c 

18 11 11 13 12 11 18 




Hus-tv was tho ou:it, 
C F B C F E 


Hus'ty was tho <‘oli)nr, Hiis-l,y was (ho kiss That I jfol frae the mill -or, oh! 

EEBCBC CFKCF E CAACi'D C 


out is the tonie cliord of G major [Ex. 1|. If the 
air is memorised at the piano, and then sung to 
the aut()harp, all the player has to do is to ])n‘ss 
down the third bar (G). and (‘ontiuiK' sweeping 
the strings as an aeeompaniinent to the vt)ice, 
tho left iiand releasing llie l)ar wherever an 
asterisk oeetirs, so as to admit of the notes 
not it) the i\ chord Ix'itig sounded by the right 
hand. 

First, tlierefor(\ ]»lay eaeli note, using tally 
tho “ C '* bar. When this ean be done smoothly, 
ehango the harmonies l>y ]Mitling down tin* 
various Imrs at different times accord ing to tlu^ 
letters indicated underneath tlxuiotes. 'I'he (dTin t 
of concluding the tun<‘ with the relative minor 
chord of (J and the relative minor chord of the 
subdominant (bars E ami D) is quaintly appro- 
})riate. Make this (inal swec]) (bar (') from right 
to left. 

DULCIMER 

The dukamer is a flat, trapesinm-sha])ed, double 
sounding-board, the upper one being ])erforateil 
by a couple of sound-holes and provided witli two 
bridges, across which the strings arc stretched. 
Two, throe, or more strings of brass, or st(*el, 
an^ gi'ouped togi^ther and tuned alike to repre.seni 
one not<’. On English instruments there are 
usually ten long notes, each one made up of 
several strings ; and t<‘n shorter nott's. 

Position and Tuning. Tho dulcimer 
is usually played standing. It .should be plae<‘d 
on a table, slightly higher at the farther than the 
near side, so that the shortest strings, Avhieh 
are fartliest away, may be manipulated as easily 
as the longest, in front of the player. SuitabU? 
tables are usually supplied with the dulcimer 
when it is sold, and care should be taken that 
tho floor is level, so that the instrument may 
rest firmly. 

1'ho method of tuning the English dulcimer 
is to accord the group of strings nearest the player 
with the (» b(‘low second ledger line, treble clef. 
The wr<\st pins are on the right of the player. 
Each one must be first thread<^d through the eye 
and a loop made at the other end of the string 
to fasten over tho hitch pin on the left. Then 
with the tuning hammer, coil the wire carefully 
round the string to the right till the pitch is raised 
sufficiently. But get all the strings on first, tho 
thickest towards the bass and tho thinnest 
towards the treble, and draw them up slackly 
before attempting to get all to standard pitch. 
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Watch the bridges and see that they keep even. 
'Fhe compass of the diatonic dulcimer, on which 
learners geiuTally b(*gin, comprises usually 
22 notes, from the G named to the G, 4th ledger 
line above th(' treble staff, or three octaves in all. 
Having, witli the help of a ])iano or harmonium, 
got the six lowest notes— G, A. B, G, 1), E — iu 
tune with th<‘ whit<‘ notes on the keyboard, (he 
stiuhmt, ohsiM ving that the compass extends from 
({ to G, will douhtle.ss coneliah? that the whole (»f 
it should tuned to accord with G major, iii 
which all th(‘ F’s a re sharp. But it is tlx* custom 
with duk inuu* players to tune the two lower E’s 
natural, and only to have the top OT)(^ sharp, 
'riiis will 1)0 found a eonvenitTiee. as the beginner 
usually starts w ith <‘.\<‘r( i.ses in the key of ( ' major. 
But different dulcimer players vary in their 
mod(‘s of tuning. "Fhe strings are numbered on 
the right from I up to 22, from the lowest to 
the highest note., unisons being groiiped under 
one number. 

The Beaters. These are two sticks which 
ar<‘ ht‘kl in the hands as for playing the kettle- 
ih*um, and require considerable elasticity of 
A\Tist to manipulate properly. The ends are 
provided Avith pads of l(‘alher, soft on one side 
and hard on the other, for use in getting “ piano ” 
or “ fort4‘ ” elTects. All the different ways of 
right and left hand manipulation employed in 
tyiiqnini playing can be applied to the dulcimer. 
It is well to practise tho various rolls A\ith the 
.sticks on the to]) of a AA'ooden table, so as to get 
a greater facility apart from sound. It sha'cs 
time and constant tuning, and can \ye practised 
alino.st anywhen'. The general rule is to use the 
sticks ns alternately as po.ssiblo. 

Bapidity in cx(‘Cutioii ean l)e learnt most 
quickly by drum ])raetiee. But besides striking 
Avith regularity and Acloeity, the player must hit 
the riglit strings. In cour.se of time, the diligent 
student AA'ill learn to do this automatically, and 
to graduate also the force of each bloAV, so that 
the laviters get creseondos and decrescendos of 
.sound, and maintain the loudest or softest 
quality of tone, as marked in tho music. But 
there is this |>eculiarity in dulcimer playing — 
whicli sets it apart from all other musical 
instruments and invests it with that savage 
attribute so dear to the hearts of the Magyars 
— -tlio sound cannot be effectively shut off 
directly a note is struck, so that a confused jangle, 
to some ear.s, results, akin to pla 3 ring on a piano 
Avith the “ loud ” pedal down the whole time. 



IMU8IC 


Whether this eH’eet is really unmusical is a 
matter for discussion, but it makes the <luleimer 
particularly interesting as the only link we 
have in this resj)eet between Oriental and 
Occidental proclivities. Lest the absence of 
damping should set th<^ musical mind of tlui 
l>eginner against the dulcimer, it is as well to 
note liere that this instrument possesses con- 
siderable artistic possibilities. As far back 
as the end of the S(went(*enth <'entury Hal)cn- 
streit, of Eisleben, was a noted virtuoso on the 
dulcinuir, and. since his day, many highly-gifted 
musicians have astonished and eliarmed larg<^ 
audiences by similar skill. 

Key of C Major. Write out the scale 
of ij major, beginning at 0, 1st ledger line bt'low 
staff, and continue it for two oidaves, nuinlxTing 


matie intervals. This is elfeetcd by a dilVerent 
disposition of the bridges. s<^ that th(‘ vibrating 
length of the strings betwtMui the 1st and 2nd 
bridge, and the 2nd bridge, to the tail pins, admits 
of different instead of th(^ same sounds fiom 
one length of string. The long<*r stretch, on 
the right-hand side of tin* player, now ])roduces 
the diatonic notes, whilst the shorter stretch 
on the left hand gives the chromatic sounds. 
The compass of tlu'! chromatii* didcimer is an 
octave less than tlu^ English instrument from 
to O. It starts from (\ 1st ledg(*r line below 
staff, and goes to i\ 2nd l<'dg<‘r lim* above it. 
But the intervening not<'s (‘ontain jill the 
neees.sai-y half-tones to enable tin* instrunu*nt to 
be ])layed in any Ut'V. Insti'ad of C’ being 
No. 4, it now becomes \o. I, but the ehromatie 


Kx. 1. 



I 


K.\. 3. 
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1 I>» •nt'l lld ill 
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Ex. 4 . tlu^ tirst (' 4/’ 

H. I j I _ and soon. Now*, 

W ".0 - 11 alternates 

^ F • ^ ^ beaters, jiseeiul 

i i i and descend tlu^ 

scale, striking thc! 
iiote*s in slow time, to the ticking ed' a. clock 
t>r metronome, and with erpial force, beginning 
softly and gradually increasing the strength as 
wt‘ir as the si)eed. Having got the names 
and numlxM’s of the notes 'well into the. mind, a 
diatonic melody written foi' the voice in the key 
«)f (’ can be learnt without difficulty, although 
the student has had no musical training, 'lake, 
for instance, tlie melody know n as the “ Vcs])cr 
Hymn.” | Ex. 1.] 

Having contined the rhythm to <luplc\ time 
(} or 7), the beginner should iwxt accustom 
himself to playing triplets. In this, on every 
fourth note, the accent is shifted from one liand 
to the other. {Ex. 2.1 

Chromatic Dulcimer. 'I’ho advanced 
student will endeavour as soon as possible to 
avail hims(‘lf of an instrmiient giving the cliro- 



iiotes are always numlxMed with the diatonie, 
so that C and j are botli designated I.” 
Try the chromatit^ scale. | L\. 3. | 

The student ean now begin to pracfis(* the 
seak‘s in all the major and minor keys. After 
going up and down (’ major’, sound the cadeiuM- 
given in Ex. 4 . 

'Pben go to (i major. After transpoNiirg tire 
eadencs^ a lifth liigher on ]>aper, re])eat it. 
Next go into O major, and so on tlirougb the 
<lilTeient scales, until hr miliar with «‘ach kty. 
'riieii tackle tire minor scales. Kndrsivour to make 
the executive ability in mariipulat ing tire beatius 
keep pflee with the facility recpiired for r’(‘adiiig. 

So that ascending and dr'sernding runs in 
double notes may Irr* exeeut<‘d rapidly and 
evenly^ th<' jimbitioris studenl should ])iactis<^ 
scales in :hds, trills, octaves, jrrrd KUlis, slowly 
at first, gradually augmenting the 'Plu^ 

rema.ikabli‘ bravura eapabilit i(‘s of this instni- 
inent arc shown in the Swiss dance (dated 1H20) 
of thc ('ant on of .\i)])(‘n/.cll, arranged for 
violin, dulcimer aiid Velio, quoted in Sir John 
Stainer's “ Dietioiurry of .Musical Teitus." 
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APPLIED CHEMISTRY 

Chemistry and Commerce. The Chemical Industries. The Various 
Processes in Applied Chemistry. A Short Dictionary of Chemical Terms 


By CLAYTON BEADLE and HENRY P. STEVENS 


IT is in the doniiiin of piiro scmoik-o or j)ur<.* 
* research that great diseoverieH of industrial 
iinportaneo unexpectedly eome to light. In such 
eases, the leading principle stimulating the 
chemist, the biologist, and the physicist is the love 
of knowledge for its own sake. When engaged in 
some particular investigation, the unexpeeted 
frequently happ<*ns. side issues arise which lead 
the inv(\stigat.or into fresli paths, and, although 
he may not attain the special object in vi<‘W, his 
labours arc not wholly disappointing. Put siuh 
is not always tlu^ ease, for many have worki'd 
and devoted a lif<‘ of self-saerifiet^ Avithout 
aehieving any marked degree of siicci'ss, and 
those Avho have striven for the attainment of 
some particular industrial object hav'c. at times, 
failed utterly. Put (‘ases of failure may oftt n be 
attributed to the lack of a jirojicr comhinatiou 
of thcort/ and practice, 'To jierform a chemic«al 
ojieration in the laboratory is a vi'iy ditferent 
thing from carrying it out on a largi* scale in the 
factory. 

W(^ shall endeavour briefly by way of intro- 
duction to refer to various operations pca'formed. 
often unconseiously, by the eliemist in the 
course of his analytical work, and at the same 
time (!ommon to most, if not to all, <‘ii(‘mieal 
industries. 

Lixiviation. This is the separation of the 
soluble from the insoluble, as in the jiroeess of 
extraction by Avater. Kxam])le : soda recovery. 

Extraction. In its general accept auce, this is 
the use of solvents, such as ether, alcohol, carbon, 
disuljihide, benzene, jietroleuni, etc., as in the 
removal of fatty or greasy matters. Example: 
removal of avooI fat from wool. 

Subsidence, or Levigation. This con- 
sists in the separation of (insoluble) particles 
from Avatery solutions, etc., due to gravitation. 
The largest particles subside first, then the next 
in size, and so on, thus effecting the separation 
of (a) .solid from solid ; {h) solid from liquid ; and 
sometimes (r) litpiid from liquid. Examples : 
{a) clay AAashing ; {h) clarifying effluents ; (c) 
oil and AAtiter. 

Eevigation by Wet Grinding. This 
is the grinding of insoluble substances to a fine 
poAvder Avhen Avet, and separfdion by subsidence. 
Example : minerals for paints. 

Evaporation. This is the remo\%‘il of 
Avatcr eitlier (a) “ spontaneously,” as under the 
influence of air, Avind, sunsliine', etc. ; or (6) by 
the direct, or (o) indirect application of heat ; 
or (d] hy the use of vacuum pans Avitli or (c) Avitli- 
out heat. . 


Examples : (») CA^aporation of salt from sea 
Avater, and the drying of hand-made paper ; (0) 
soda rccoA'ory hy Porion system ; (c) “ Stove,” 
or table salt from brine ; (d) concentration of 
sugar solutions and glycerine hy multifile effect 
systc‘ms ; and (c) diying of glue. 

Distillation. This consists in the separation 
of a mixture of Aa)latile and non-volatile (or 
Jess volatile) suhstanees hy the a})])licatioii of 
heat. Fractional distillation is applied to various 
liquids containing inixtures of substances liaving 
ditferent lioiling points. AA'hereby one is scjiarated 
from the other, the lower boiling constituents 
distilling oA'er first. 

Sublimation. This can he either Sj)on- 
taneoiis, as when siioav disappi'ars without 
melting, or induced by heat, as in the purifica- 
tion of salammoniae or naphthalene. It inA^olv(‘s 
tln‘ dire<*t conA^rsion of a solid into a vapour, 
and, if necessary, its subsequent condensation 
again to a solid. 

Filtration. 'I’liis is the remoA^al of solid 
impurities from liquids by passing or forcing 
the li(]uid through media such as cloth, fiajxir, 
asl)(‘stos, sand, whioli retains the solid and 
alloAA's the clear licpiid to jiass, or the same 
ofieration as ])orformed in the filtiT press for the 
])urpt>se of separating out the waste liquid from 
the valuable solid matter Avhi<‘h it may contain, 
or vice versfi. 

( 4*utiifugal force is taken advantag<‘ of as a 
means of s(*pavation, as in the centrifuge for 
removal of liquids from crystals. 

Crystallisation. This is a means of siqmra- 
tion (lependent. on the crystallising out of solids 
from liquid solvents, A\hen the solutions an* 
brouglit beloAv their saturation point. The 
crystals may he removed by filter pressing, 
ladling, running off liquid, or by centrifuges. 
Examples : Avater softening, separation of lead 
ami silver. 

Calcination. This is the operation of healing 
solids Avithout fusing them, or where only partial 
fusion takes place, as in the manufacture of 
c’cment, ultramarine, and the recov(*ry of spent 
liquors. More or less synonymous terms are 
igniting, burning, firing, and roasting by means 
of the muffle out of contact of the fire gases 
and burning material. 

In certain eti^ies the material operated upon is 
sufficiently combustible to supply the necessary 
lieat for its oA\n calcination, as in the case of 
recovered ash by “ rotary roasters.” 

Refrigeration. This is the use of cold to 
prevent or arrest chemical action, as with meat 
preservation, or to control bacterial growth, as in 
the ease of lager beer fermentation. 


Continued 
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SHORT DICTIONARY OF TERMS IN APPLIED CHEMISTRY 


SEE ALSO SHORT DU.TlUNAKIl->; ACCOMPANYINO TJIKIK SPE<’1FI(' sriUKCTS 


ACIDIMETRY — The dotonninatioii ui‘ 
the amount of ueid in Ji subalanee. 

Albumins nr Albumens -A «roui) of 
aU)umiin»i<l8 soluble in water. Euk 
albumin (white of et^jr) is an example. 

Albuminoids — OrKanIe earbon eon;- 
pounds eontainin^r liydroj?en, oxy- 
gen, nitroKon, and sometinu's sul- 
phur, and of very complex nature. 
They are essential iM)fIi to animal and 
plant life. 

Albuminoid Ammonia (in water)— 
Aminoiiia. obtained by distillation 
with alkaline permauKanate by 
NVanklyn’s method. 

Alcohoi tlenorally understood to 
mean ethyl alcohol, CjlItOlf, a 
const itmnit ot ah'oholic beverages, 
and obtained by the fernUMilation of 
Hiittar. The term is also applied to 
substanees of similar eomi)osition. 

Aldehydes - Snhstances ol)lalne»i Ity 
the earefiil oxidation of ale4t|)<d. 

Alizarine — One of the, eoIouriiiK 
matters of madder Hhihtti tinctona^, 
tin* other heim? luirptirin. Also 
Itrepared artillcially from eoal-far. 

Alkalimetry— Tlie determination of 
tin* amount of alkali in a snhstanee. 

Alkaloids — Rases obtained from plants 
and possessing:; liiKhly poisonous or 
medical properties. 

Alloy ,\n intimate mixture (p<Ksihly 
• ■(Hitaininj; ecnnpoumls) of lueiaN 
with one another. 

Alum — A <lonhle, sulphate of alumina 
and another metal, erys1allisin»; 
in the remilar system with -4 inole- 
4’nles of water. The nann* is often 
applied in (‘ommerec to sul|)hat4- of 
alumina, alone. 

Amalgam — An alloy of mereurywith 
another metal or metals. 

Amorphous — Witlnmt crystalline 
striieture. 

Aniline — A colourless oil ohlaine<l in- 
<llreetly from coal-tar and helonFin^ 
to the class of luimary ninijn*s. 

Aniline Dyes — Dyes (d>taine(l from 
aniline. Thctermisoft4*n ineorrecfly 
a|»phed to all eoal-tar dyes. 

Animal Charcoal or Bone Black .V 
substance obtained by carbonisinj: 
I tones. 

Animal Oil or Bone Oil — .\n oil 
obtained by distilling' bmu's. 

Anthracene A winte crysialline 
solid fr<»m coal-tar ainl the moOirr 
substance of the alizarim* dyes. 

Antichlor — Sulphites and (dlier sub- 
stances added to destroy any 
residues of ehUirido of lime left in a 
fibrous material aft«*r bh'aeliin^'. 

Antlfebrin — Acetanilide; an anti- 
pyretic. 

Antipyretic -Medicinal substance to 
allay fever. 

Antipyrine - Ph<*nyl-<linielby! pyra- 
7.oh)ne ; an antipyretic. 

Apatite — A mineral plmsphate and 
fluoride of ealeium. 

Aqua-fortls— ^"ilric acid. 

Aqua-refria -A mixture of om* luirt 
nitric achi ami four iiart.s b\-(lro- 
chloric acid. 

Argol — Crude bitartrate of jadassinin. 

Asbestos — A fibroiLS mineral substam e 
used in making fireproof articles. 

Ash — Mineral matter left <m bnrnini' 
oruai I i c .siibstaii ee.s. 

Asphalt — A natural mineral bitu- 
minous substance. 

Aspirator — A machine to draw a 
current of air or other was tliroiieli 
an apparatus. 

Assay — The iletermination (if the 
quantity of a constituent contained 
in a suDstain'e. 

-Ate “The termination of tin* names 
applied to salts (‘f acids coiitaininu 
oxygen. 


Autoclave — A digester or closed v«'s‘»i‘l 
in whicli Ihiuids can be heated 
above their Ixaling points. 

Azo -The. group .S '— N eharaelerii-ia; 
«>r a large number of e^ilouring 
matters derived frijin coal tar. 

BALSAMS — The exudations •>f plants 
consisting of resins, volatile oils, 
anunatie acids, and other substanees. 

Base - A nu'taliie. 4»\ide or organic 
radical having the p^iwcr of coin- 
biiiiiig with an acid. 

Basic — Having Hie lu-opeiiies 4»f a b.lse 

Bauxite — A naturally tiecm-riieg iiy- 
drated o\i«le of alumina. 

Beaker — A lumbler-shape»l v^'.s*.**! <»f 
thin glass. 

Benzaldchyde -Oil of bitttT almonds ; 

Benzene —A li«inid volatile Iiy4lrn- 
eartion (foriniila (V.Jfii) c«nilained in 
eoal-tar. 

Bittern — The mother li<|iii(l lliat 

remains alba* common salt has 
crystallised 4»ul ironi sea-water. 

Blacklead IMumbago or graphitt* : 
a ibriii of earbon. 

Bleach or Bleaching? Powder - rhltii - 
i«le, of lime or ealeium hyp»iehlonte. 

Blue-Stone — Sulphate ol eopper. 

Boiled Oil I ansi*ed oil which has Im-cu 
heabMl with litharg**, inaiiganc.Ne 
boratt*, or o(lu‘r Mibstam‘4‘s, so that it 
lias iH'come thick and viscous. 

Boiling-point The tenip«Tature at 
wliK'li a li(|uid boils, tlx* )»r<*ssiiri* 
being that of a normal al mosphen* 
unless otli<*rwise stated. 

British Cum Ih xtrin. 

Bunsen Burner this-bunuT liaving 
hoh‘s at the bottom lor the adnn.ssion 
of air. 

Burette — A gradnateil glass tube 
piHividcd with a stop-«*o«*k at tin* 
bottom for measuring tin ids. 

CALCINATION— The op<*ration ol 
ignition or heating till nolhing hut 
a iidneral residue or ealx remains. 

Calc-spar .\ativ»* 4Tyslalline ealriiiin 
earlx mate. 

Calibration The process of ascertain- 
ing whether a \«'ssel <>r other ineasiir- 
iiig sipparatiiH liobls or deliMis Hit' 
exaet Nolume marked iii»ou it. 

Caliche Imiuire native nitrate of 
so<la or i'hili salt p4*li«*. 

Calomel -.Mereunais el»lorid4-. 

Calorie— -Met riea I unit of beat, being 
till* amount of heat n'ljuired to raise 
<»iie gramme of A\ater 1 ('. 

Calorimeter -Xpparatiis for measur- 
ing heal, usually the amount ot heal 
«h‘M'lo]u*d by siibslam’es when Inirnt. 

Caramel brown eobmring matter 
obtained by beating sugar or glneiisp. 

Carbide \ eompoumi of im tal witli 
earbon as ealeium earbj^li*. 

Carbohydrate compound of ear- 
bon, hydrogen, and o\.\gen, the 
relative ])ropi»rtions of tin* two 
latter 4‘leinents being the same as 
in wat<*r - as sugar. 

Carbolic Add Phenol : oil. A 

eoiistituent ol eoal-tar. 

Carbonyl TIa* group CO that is, a 
group coin|H»s(>d of a rarl>on and 
o\yg4*n atom in e<iiubinaf ion. 

Carborundum --.\n extn-inely hanl 
siibstauee eimtaining «arlM*ii and 
silii'on. 

Catalysis The elhet l»y wbi<li two 
siil»stances are enabled to react in 
\irlue ol rh(* jiresence of a small 
ijiiaiifily of a third .subslaiiei* teiined 
a catahitir 

Contact Action— A .syiion>in for eafa- 
1> tie a«'tioM. .*see catiiUiain. 

Cehtinormal one - hundredth of 
normal strengtli. 

Chamber Acid— The crude sidphurii! 
acid which collects on floors ol the lead 
ehainbers; <»l a strength not usually 
exceeding 70 per cent, of }>ure add. 


Chill Saltpetre Soilium nitrate. 

China Clay Kaolin, Hm* purest varii ly 
of clay. 

Chloride of Lime - -bleaching powd«‘r 
tiv ealeium hypochlorite. 

Cinnabar— -Nat iv»‘ sulphide of iuereur> 
or vermilion. 

Cochineal - The body of a female 
inse<*l, w’bieh piodin'es red 4l\e-slull. 

Collodion A sohili«)n of solulile nilro- 
eelhilos<* ill a mi.xliin* of aieoliol and 
I f her. 

Colloid- V siibstanee ill t In* amorphous 
non-crystalline slate as india- 
rubber, glue, collonlal silica, cellulose. 

Colophony S< e /on/a 
Commercial Chemicals Such as 
bav«‘ not been siiccially puriiled. 

Compound — .V subslanee composed 
of two or mor 4 * eh*menls in eomhina- 
t ion with one anot her. 

Condenser -Apjiaratns for condensing 
a vapour to a Inpiid, (oiisisting 
eommoidy of a tiihe sinToiiinied liy 
a jac.ket of etihl water, 

Constitution - The mode in which 
(*iements are eombiiH*d with one 
aiiotb(‘r in a (‘ompouiid. 

Corundum Nativealumina i>ro\ideot 
aluminium of the saim* (*omposit ion 
as sa])pliire and nib\ . 

Creosote Substanei* ohtained b> di.s- 
tilllng wiM)d or <!oal-lar. 

Crucible -('np-sliai>ed ^«•^se^ a tlre- 
resisfing inat«Tial in which siilisfaneef. 
eaii be st rongly heated. 

Crude Product -rnpnrilled material 
obtained in ehi'inieal nianiilaet lire 
or laboratory work. 

Cryollte -.V natiNe llu(»ride ol alu- 
minium and s(»dium. 

Crystals — ( *1 laraet erisi ic geoimt rieal 
shapes bouiid«‘<l b> phim* siirlm'es 
iu which most solid iibslam*es 
occur, especially wlieii si para ted 
from solution or on soliditleat ion. 
Crystalline Systems The six classes 

into whi<‘h all know ii crystalline. shapes 
are grouped. 


DEAD OILS -Thenameapplied tothal 
)iorti(»n ol the eoal-tar distillate 
whi(*li sinks in wiiti*r. 

Decantation The, process oi pcmring 
olf tile clear li<]uid alter the solid 
matter has set.lh'il tt> the bottom. 

Declnormal One-tenth ol normal 
strength. 

Deliquescence 'I'he ahsorpti«»n hy a 
snhstanee of moisture from the air. 
at times in siillieient quantities 
to cause it to liijuefy. 

Density 'I'lu* mass of a unit volume <»i 
a HUbstaiM't*. See also x//co;//, ffittrifn. 

Dephlegmator A typt oi reverse eon- 
<lens(*r chiefly used in vlist ilh*rjes |oi 
irei'ing alcohol Horn water. 

Desiccation Tin* pro<*es,sot »lrynie 

Desiccator -.\s iisetl in aiialyti»a! 
work, a ghi.sM ves.sil with ground 
elosely - lilting lid eoiitaining a 
li> gniseopie snbstam** sueli as 
ej'deiiirn elihaiile, strong siili.hurie 
.H id or phosidmius pentoxid**, HO that 
any hoily plai'ed inside rafiidly 
lose' its nioistnie and dries. 

Dextrin A gummy suhstanee obtained 
from stareli byTln* action of <liastus(* 

Dextro-rotatory -botatiiig the plan* 
of po1arisati«>M <if light to the rigln. 

Dextrose lirane sugar, a e,Mi.,iu 
sugar obtained from stan li 

Diamines- -I liamido ; eoin- 

poiillds <‘oiit.'ihiillg tw< .oii/do (Nifn) 
groups or their (ienv 'K'’**- 

Diastase — .\m oi soinoh* 

ferment win<*li converts st.irch nit4» 
sugar. 

Diflrester imhu-hn'f. 

Diffestlng- 'Dm process oi healing 
n)gf ihci •'olid and a Injuhl ho as t-o 
- ’•'“••MiUity of 


flicm every opport 
r.-.iciir»g with one another. 
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Distillate -That portion which passes 
into vapour and collects in tlie 
receiver wlien n substance is dis- 
tihed. 

EFFLORESCENCE—Formation of a 

powdery deposit on crystals tlirouult 
loss of water or of a powdery cry- 
stalline dcitosit on the surface of a 
porous body, as in the case of nitre 
on the surface t)f tiie earth in India. 

Electrolysis -Sej^aration of a (dicinical 
substance into its constituents by an 
electric, current. 

Elementary Analysis— The deterini- 
naiion of the jirojiorlloiis in whicli 
tlic elements are contaiiu'd in a 
subs ta nee. 

Elutriation — Wasliinu a flnely- 
IKiwdered substance by refloated 
treatment with fresh wat»T. 

Endothermic Compounds — Com- 
tioiinds in the formation of wliich 
heat is ahs(>rbe<l. 

Enzyme — Unoruanised ferment. 

Equivalent Welffhts — WeiRlits of sub- 
Ktanecs which will combine willi or 
replace one fiart of liydrogen. Tie* 
efjnivalent weigiit of a Cfiinpound 
will lie u simple fraction, usually one- 
half, of tlie molecular weiuht. 

Ester — An ethereal salt. 

Ether — Usually understood to mean 
ethyl ether. A liifjlily volatile and 
IiiMamrnable organic liiniid (UjU.-, )•„'()). 
'riie term is also afijilied lo all 
substances of similar eoniposition, 
and even to I'sters or ethereal salts. 

Ethereal -Perl alnin« to ether; thus 
hy an Hhrreal solution is meant a 
solution in ether. 

Ethereal Salts — A salt of an acid in 
which the hydrofien is replaced iiy 
ctiiyl (('‘jH,-,) or other radicals, 
just as a metal repl.accs the liydrogi'ii 
of an acid to form metallic salts. 

Eudiometer ■' - A gas analysis apfiarat us 

Excess— A reagent is fucsoiit in evccss 
wlten more tlian sufttcient lias i>een 
added to react W’ith tlie portion of a 
Huhstance under examination. 

Exothermic Compounds — (om- 
poiinds in the formation of which 
heat is developed. 

Extraction — llemoval of one cim- 
stituent from a mixture of .substances 
hy means of a solvent In wliieli tlie 
remaining constituents do not dis- 
solve. 

FAT — Natural jiroduct eiirnjiosed of 
ethore.al salts, such as gl,>eeryl, 
stearate, T>alniitate, and oleate.* 

Fatty Acids — Acids formed on liie sap- 
oniiiontion of fats. Ttic generic 
term is now applied to several Heric.‘» 
of organic acids, including acetic 
and formic acids. 

Fehlin&r Solution — Solution of copper 
snlpliate with Itoehelle salt ami 
caustic soda; used in testing for 
sugars. 

Ferment — A nitrogenous organic suh- 
stunee witli or without organised 
structure and iMiiver of reproduction. 

Fermentation — Chemical process 
brought about by ferments. 

Ferric or Ferri Salts — Salts of iron 
containing tlic trivalent iron atom. 
Ferrous or Ferro Salts — Salts of 
iron containing tJio divalent aloin. 

FiltratO -The clear liquid obtained 
by nitration. 

Filtration — The separation of a solid 
from a liquid by passage through 
a porous medium. 

Flask — A globular-siiapod vessel of 
thin glass. 

Fluxing — ^Melting or fusing. 

Foots — The dep<«it f>f impurities 
formed in the process of liurifying 
oils. 

Forchammer Process — 1 )etvrmiii a- 
tion of amount of acidified perman- 
ganate required to oxiillse organic 
matter in a sample of water (water 
analysis). 
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Fraction — A portion of a distilhatc 
which lias passed over during a 
definite range of temperature. 

Free Acid— An acid not in combina- 
tion with a base. 

Free Ammonia (inwater)--^Aminonin, 
Iirobably in combination as a salt, 
sometimes termed safine ammonia, 
and obtained by distilling the waiter 
with sfKlinm rarbouate. 

Free Base — A base not in combination 
willi an acid. 

French Chalk — steatite or soapstone. 
A hydratetl magnesium silicate. 

Fusel Oil — Fermentation amyl aleobol 
formed in small quantities (liu-ing 
a 1 cohol ic fer mei 1 1 a t ion . 

Fusion Mixture — A mixture of eiinal 
])arts of sodium ami pntaSHiiim 
<*arbona(es. which fuses at a lower 
temperature than either separately. 

QAS LIQUOR — An aqueous Ihjiior rich 
in aninionium salts obtaineil in the 
purification of coal gas. 

Glauber's Salt -S«)dinm sulphate. 

Glucose — See dextioHe. 

Glucosides -Naturally omirring veget- 
able substanecs whieh split up on 
liy«lrol>*si8. yielding glucose and 
aiHillier siibstanee whieh is imf a 
earb(jbydratc. 

Gluten \ sticky, nitrogenous sub- 
staiice obt.-iined by wasliing out the 
starch from wheat Hour. 

Glycerine or Glycerol— An oil> litjuid 
witliasweel taste in rcahly an al<*<>hol 
oblained b> the sapoiii Heal ion <if 
natural fats and oils. 

Gooch Crucible — One with a piuforated 
boltom on winch is a layer of 
asbestos so 1 hat the prccipilate may 
be (lltcrod, wastiol, and drieil. 

Grape Sugar- See Uertroftf. 

Graphite — Jtlaekleud: a form of carbon. 

Gum — .\n amorphous carbohydrate 
eharactertsed by Its sticky projK-rties 
and obtained from the natural 
exudations of plants. 

Gun-cotton — Nitrocellulose <ib( aim'd 
by treating eotlon wHli a mixture of 
strong nitric and sulpliurie acids. 

Gypsum — Native crystalline calcium 
sulphate. 

HALOGEN — One of the following four 
elements — chlorine, bnuiiiiie. iodine, 
or Hiiorine. 

Hardness of Water — The soap- 
destroying powder due to dissoh^d 
.salts. 

Homologues — Organic compounds of 
analogous composition to one an- 
otiier — for instance, inelliane, ethane, 
and propane are liomolognes. 

Hydrate - A chemical substainv having 
water in eombination witli it. 

Hydrocarbon — A compound of car- 
bon uml liydrogen. 

Hydrolysis--.\ tyj>e of chemical de- 
composition brouglit alamthy x'iirioiis 
agencies, hut always accompanied 
In* al«orption of water. 

Hydroxide — A cornTMUind consisting 
of a metal or rndieul in eombinatitni 
with hydroxyl groups — for instance, 
e<»l)per hydroxide (.'u(011)_*, alcohol 
or etliyi hydroxide l''»H:,((3il). 

Hydroxyl— The group (Oil). 

Hygroscopic Substance — One. which 
absorbs moisture from the jd mo- 
sphere. 

Hypo- -A prefix deluding a smaller 
prtiporfion of <ixygen. 

INDICATOR — Snl>s1ance useil to indi- 
cate the completion of a reaction in 
titration processes — for instance, 
methyl orange. 

Infusion — A liquid obtained by treat- 
ing a vegetable substance with a 
solvent to dissolve out some of its 
constituents. 

Inorganic Compounds — All com- 
IKiunds excepting tliose of carbon. 
Isomeric Substances— Those liaving 
tlie same iiercentage composition, 
hut diderent properties. 


Isomerism — Tlie phenomena oichibited 
I y isomeric compounds. 

-Ite — The terminal ending of names 
applied to salta of acids containing 
less oxygen than those ending in -at?. 

KELP — The ash of certain scaw'ceds 
used as a source of iodine. 

Kleselguhr — X porous silicioiis sub- 
stance, with absorbent properties. 

Kjeldahl Estimation — A method of 
determining nitrogen, especially in 
organic substances. 

LACTIC ACID— An acid formed in the 
souring of milk by the action of .a 
ferment on the milk sugar. 

Lactose —See milk sugar. 

Laevo-rotatory — Rotating the plane of 
IKiIarisation of light to the left. 

Lamina — A thin sheet or plate. 

Laughing Gas — Nitrous oxide. 

Leblanc Process — A method of mak- 
ing w'n.shing soda from common salt. 

Lees - Tlie deposit at the bottom of a 
vessel in whieh wine is ferinente«l. 

Lime — I'aleiiim oxide obtained hy 
hiirning lirnestone or ealcium c.ar- 
i)Omila. 

Liquation -The separation of bodies 
by heating and allowing the more 
fusible to melt and flow away. 

Liquor A general term apjfiied to 
lifliiids coiitainiiig dissolved matter. 

Litharge - Lead oxide. 

Litmus — A enlouriiig niiittt'r obtained 
from a lieben and used as an 
Indieator. 

Logwood - 'fbe. bard wood of a tree, 
wliieh yiehls a reti dye. 

Lye -An alkaline li(|uor eontaining 
lli»' e.-Mislic alkaloiils or their eaf- 
biuiates. 

MALTOSE, or MALT SUGAR -- A 

sugar ]»rodiieed by the action ol 
fliastase on sf areli. 

Marsh Gas— .Metliaiie (CII*) ; tlie fire- 
damp of tlie miners. 

Marsh’wS Test — A test ft*r arsenic. 

Measuring Flask — A Husk whieh, filled 
to a mark on I he neck, contains a 
measured volume of liquid. 

Melt-A liise<l muss of crude producl 
obtained by heating. 

Mercuric Salts (’ompoumls of the 
liigher oxide of mercury (HgO). 

Mercurous Salts Compounds of the 
lf)wer oxide of mereury (HgyO). 

Meta- A prefix used to distinguish 
one isomer from another. 

Metal — An element whieh will com- 
t)ine with oxygen to form a base. 

Methane — See marsh gas. 

Methyl Orange — Tlie sodium salt of 
.an aniline dye; ased as an indicator 
for strong acids. 

Microcosmic Salt — Hydrogen sodliim 
ammouiiim phosphate HNa (Nil*) 
I’Of . 

Milk Sugar — A sugar found in milk. 

Mlllon's Reagent— A solution of 
mercuric nitrate containing nitric 
acid. 

Mineral Acid “-This term usually 
includes sulphuric, hydrochloric, 
nitric, and otlier acids of inorganic 
origin. 

Minium — See red had. 

Molecule — A word meaning little 
mass ; the smallest particle of gaseous 
matter that, can exist by itself. 

Mordant -"A substance used in dyeing 
to aid in fixing the dye on to the 
fibre. 

Must — A crude liciuor expressed fnmi 
fruit. 

NATIVE — Occurring in a natural state. 

Nessler's Solution — A solution of 
mercuric iodide in (M^tassiunk iodide, 
prepared according to a special 
rccqpe. It gives a yellow-brown 
colour, with even minute traces of 
ammonia, and a precipitate with 
larger quantities. 

Nitre —Potassium nitrate. 



NitrO'Cellulose — Nitric psUts of ccllu- 
loflc, BUcli as Run-cof ton. 
NItro-compound— One oontaininK the 
nitro Kroup (NO,). 

Nitrometer — A form of gas 

apparatus used in the estinmtion of 
nitrous oxide in vitriol. 

Nordhausen Sulphuric Acid - The 
fuming acid 11, SO, so,. 

Normal Acids and Alkalies Solu- 
tions containing an etiuivalent weiglit. 
in grammes of the sulwtanee in ques- 
tion dissolved in one litre of water at 
15 ^ 

Normal Solutions — Solution'^ of 
Ktandurd strength based on a sytem 
of eheiuical e((uivalen<*e. 

OLEPIN8 — A groiipof hydroearhons ol 
general forninla TnH m. wIkto u is 
any integer; for example, olellant 
gas. 

Organic Compounds ^ All <x>in|)oiiiKlK 
of carbon, with the exerptioti of the 
monoxide and dioxide, whieh are 
usually reckoned as inorganic c«)iii- 
pounds. 

Oxidation — The process of adding 
oxygen or subtracting hy<lrogen Iroin 
a suhstaiiee. 

Oxide- -A eoiupoiind of an eleinenf <»r 
radleal with oxygen. 

Oxidising Agrent — A reagent foi ad«liiig 
oxygen to or withdrawing liydrogen 
Iroin a. substance. 

Ozone — form of oxygen containing 
three atoms to the molecule. 

PARAFFINS- -A group of liydrocar- 
hojts of the general formula rnll n . . 
where u Is any integer; for instance, 
marsh gas ((’H,). 

Pearlash - ('aleined potassium earho- 
nat<*. 

Permanent Hardness — Ifanlmss of 
W'uter not removed by iMiiling, and 
generally due to the presence of 
dissolved sulphates. 

Permanent White — ITecIpitnted 
l)arium sulphate. 

Peroxide — .\n oxhie containing nrnre 
oxygen than the eoiumoii ox’Ide. 
Phenol — Curiailie Aci(i (CaH.'.OH). 
Phenol-phthalein - An organic syn- 
thethuiyc stuff use<l as an indicator 
for weak acids. 

Pickling — A term a))|ilicd to I lie pro- 
cess of soaking a solid in a liquid. 
Pinch-cock — A spring eliji for i-losing 
a piece of indiarubher t ubing. 
Pipeclay Triangle A triangle clay 
pipe-stem held with iron wire, ami 
used for supporting cnicil)le.s. 

Pipette — <»raduatcd glass tube for 
measuring ihiiiids. 

Plaster of Paris — Hydral«*d ealeium 
sulphate or gypsum, from whieh part 
of tiie water lias been removed. 
Plumbago Hlacklcml or graphite, a 
form of carlx)!!. 

Potash or Caustic Potash l*Mtassiiim 
liydroxide. 

Precipitant — \ sulistame used to 
bring about the formation of a pr«'- 
cipitate. 

Precipitate - A solid substane<‘ formed 
in a solution by a eheinieal re.ietion. 
Proof Spirit — -An antiiiuatcd and 
Cumbrous standard of strength for 
alcohol. The density of proof sjiirir 
works out to •011)S4 at <»(i K It eon- 
faiiiH per cent. <»f alcohol by 

weight. 

Proximate Analysis— The determina- 
tion of the ingredients in a mixture 
of substances. 

Prussian Blue - A pigment formed of 
eomplex eyunides of iron. 

Pyrites — Native sulpliides «»f iron, 
and of Iron and copiXT. 

Pyroluslte — A minerai e«»ntainiiig 
crude oxide of iiiuiigaiiese. 

OLMALITATIVE analysis — Tile 
process of ascertaining tho natiue of 
tlie constituents of a siilistance. 
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Quantit«ative Analysis— The process 
of ascertaining the projau-tions of 
the. constituents of a sulistancp. 
Quartz — tYj^-stalline silicon oxidi* or 
silica (SiOa). 

Quicklime - (‘alciuju oxide (f'ao). 

RADICAL or RADICLE A complex 
group of elements playing the part 
of, and reacting as, a single element. 
Reaction -The chemical action of one 
substance on another. 

Reagent — A substance, geiierallj' in 
solution, used to bring about a 
eliaracp'ristii* chemical reaction. 
Red Lead t>r Minium— Tiie oxi»ie ot 
le;nl (PbjOi). 

Reducing Agent— A reagent for mldiiig 
hydrogen or abstracting oxygen from 
a siibslaiici*. 

Reduction — The proees.s of adding 
hydrogen «»r witlnlrawing <ixygen 
from a. substance, 

Reichert’s Process The standard 
method for e.stimating ^olafiIe fatty 
aehls ill butter. 

Resin or Colophony A resinous sub- 
stance left in the retort utter the 
distillation of crude turpentine. 

Resins — A class of vegetalile solids of 
brittle and gtass-like fracture. 

Rider-- A small V-sliaped wire whieh 
is shifted from one ))ositioii to another 
on the lx*ain of a balance, in.stead oi 
inittiiig weights into the )»an. 
Rochelle Salt -Sodium poiassinm 
tartrate. 

Rock Crystal 9uart/. 

Rock Salt Native si»diuiu chloride t)r 
uiiretined common salt. 

Rouge Finely ground ferric oxidi* 
(FcjOg). 

SALINE - JVirtakiiig of the nature of 
a salt. 

Saline Ammonia (in water). .Sei^ 

/rec ammonM. 

Salt — (Jeiieric term for the product 
of the combination ot an acid with 
a base. 

Salt Cake (‘rude siMliiim sulphate ; 
the first stage in the maiiufaetiire ol 
soila by the Leblanc jirocess. 
Sampling —The t»peration oi removing 
a small p<*rtioii or sample repre- 
seiitati\e of the whole. 

Sand Bath siiallow metal tray 
eoiitainiiig a layer of sand on whieli 
vessels may be beateil. 

Saponification — The process by whieh 
ji soai> (metallic salt of a fatty add) 
is obtained frtuii a fat. The term i-t 
applied also to the hydrolysis of any 
ethereal salt with tlie formation of an 
aleohol uikI a fatty aci<l i»r its salt. 
Saturated Solution — soluthai ei»n- 
lainiiig as much substanci> dissohed 
in it us the liiiiiid will taki' up. 
Semi-normal One half ot m»rmal 
strength. 

.Silicious ComposiMl of, or partaking 
of the nature of. silica or sand. 

Slag -A fusible sdieate formed in the 
proee.‘<s of obtaining metals from their 
ores. 

Slaked Lime— IJim* slakeil ; that is, 
treated with siillieieiit water to form 
ealeium liyilroxide. 

Smelt — t.’obalt blue. A silicate ol 
cobalt. 

Soap - The metallic salt of a fatly 
aeiil, generally oleic, jiatiiiitic, or 
stearic, or a mixture of these. 

Soda Lime - A mixture of .soda ami 
lime, used for abs<»rbing eaiium 
dioxide gas. 

Soft Soap — A ])otasli souj) or jiotas- 
sium Halt of a fatty add, liard soajis 
being sodium salts. 

Solvent — Liquids used lor dissolving 
substances. 

Soxhlet Apparatus- -An automatic 
apparotiiB for the extraction of fatty 
BUlMtaiiccs with volatile Bolvents. 
Specific Gravity— 1’he ratio of the 
weight: of a substance to tlie w’cight 
of an e<|ual volume of water. 


Standard Solution - Solution of deti- 
int<; strength, usually normal or 
decinonnal. 

Steam Oven' An oven Murrounded by 
a steam jacket. 

Still - Distilling apparatus. 

Suction Gas .see water tjas. 
Sulphonic Acid .\n organie acid con- 
taining the group SOjIf. 
Superphosphate A manurial sub- 
stance containing moiiocalciiini 
liliospbate. 

Synthesis -Tlie building up of a 
eonipoiiiMl from its (‘lements, or from 
simpler substaiiees. 

TALC --.V substance of similar eoiiipo* 
sit ion to Freneli chalk. 

Tartar Emetic — Po(as.sium antinmny 
tartrafe. 

Temporary Hardness Hardness of 
water r«‘movi*<I by boiling, and due t<» 
biearboiiates. See also hanfnrtty. 
Thermometrlc Scales Those eom- 
nmnly usi*d are the Centigraile and 
Fahrenheit scales, 

Thio A prefix showing that oxygen 
ill I In* siibslanee has been replaced b,\ 
sulphur. 

Tincal-- Crude b(»rax. 

Titration —The process ol a«l«liug a 
measured amount, of a .solution ot 
one siilistance to another until the 
react ion bet ween tliein is eoiiijilele. 
Turmeric Yellow colouring matter. 
Twaddoll Degrees A teebnicjil 
met bod ot reckoning the speehle 
gravity of a liquid. Thus, Degrees 
. ' ,, spei ille gravity - l.iMMi. 

Iwaddell 

;> 

water l,0()b 

U LTIM ATE AN ALY8IS - 'I'iie separa- 
tion of substances jiito their eoM.sli' 
fiienl elements. 

Ultramarine An arlilleial blue 
colouring inatler resembling ground 
lapis lazuli. 

U-tube -Class tub»‘ in the shaiM* of 
the lettiT r,and used for absorbing 
gases. 

VACUUM DESICCATOR -A desie- 
eator from wbi<‘li the air can be 
exhausted. 

Valency The combining I’apacify of 
ail element or the iiiiinberof hydrogen 
atmiis or their equivalents with wbii'b 
an atom oi the ehqnent in question 
will (‘ombine. 

Vermilion Suljihiile oi mercury; 

used as a pigment. 

Vitriol — Sulpliurie acid. 

WASH-BOTTLE ItoUle or tla^k 
with which a jet of w'ater can be 
directed on to u precipitate for the 
l>ur)s.)He of washing it. 

Washing Treating a sutistanee 

(usually a precipitate) with successive 
quantities of a solvent, such as water, 
ill order to dissolve soluble impurities. 
Water Gas - A mixture of hydrogen 
and carbon monoxide gases obtained 
by passing steam over red-hot coke. 
Water Oven - strain oven. 

Wax .An etluTcul salt of a fatty ueul, 
and a moiioliydrie. alcohol (alcohol 
with a single hydroxyl group). 
Welghlng-bottle — A small stoiipcred 
bottle in which a substanei^ can be 
wf'iglied out of contact with the 
siimumding air. 

Wclldon’s Process- A proe<>ss for ihr 
recovery of manganese from '^tiH 
liquors, and henee, indirectly .1 imciImxI 
for making chlorine. 

White Arsenic or Arseaic \rseiiie. 
oxide (As ,(),). 

White Lead - -Uasie r.n i>'>ii;iie <>t lea«l. 

YEAST— A \.r,H.il<le (orgaiii.sedl 
ferment wbi' h h ••..jaible of ef»nvert- 
ing sugar i/i(" ;deoJioI. 

ZINC WHITE Zinr oxide (ZuO). 
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A FIGHT FOR THE WORLD’S CROWN 
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France in the Middle Ages— continued. Mediaeval Italy. The Struggle between 
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Pope and Emperor. The Rise and Fall of Rienzi. A Great Period of Art 


By JUSTIN McCarthy 


1590 Henry won a victory over the Leaguor«» 
under the Duke of Mayt'nne, at the famous 
batik? of Ivry, and in 159.‘1 siiccet'ded to the 
throne, having in July of that j’^ear professed 
himself a Catholic, the profession being celebrated 
with great pomp at vSt. Denis. In 1598 a peace 
was eoneluded b(‘tween France, and Spain, who 
liad been at war for a long time, and in the same 
year ITeniy sigm‘d tlio famo\is Fdiet of Nantes, 
by which ho secured to the Protestants liberty 
of eonseience and ef|ual treatment by the law. 

The Famous Henry of Navarre. 
Henry had already proved himself one of Die 
great warrior princes of France, and lie now 
showed that he had high (jiialities for civil 
government. Wlien he came to tin* tlirone. the 
landed aristocracy managed lh<‘ affairs of tlie 
provinces according to tlieir personal will ami 
aft(‘r the most arhilrary fashion as regard(‘d the 
imposition of taxes and eompiilsory service. 
Henry threw his luiart into (Ii<‘se questions, and 
aceomplislu'd many s])lendid reforms. He insti- 
tuted also a system of road-making. In' which he 
opened up all parts of his kingd(nn t<> husiness 
ent(*rprise and traffic, and thus developed industry 
and prosperity throughout Frane(‘. 

In his great work of reform Henry was well 
supported by his minister, ^laxiniilliaii, Duke of 
Sully. Sully had aeeom})anicd Henry in Ids 
(light from the Freiieh (’ourt ; had gone with 
him afterwards into his wars ; Jiad ])roved 
himself a brilliant soldier, and helped to win 
victory at Ivry, and other battles. Sully set 
himself at once to repair the ruined linaneial 
system of tlio State. Within ten years he 
rediiecd the National Debt to less than one- 
sixth of w'hat it represented w hen lie took cliarge 
of the national exchequer. During liis time, he 
raised the revenue of the State to more than 
double its annual amount, wJiile he took eare 
that the navy and w'ar d(?partmonts were pul 
into a satisfactory working condition. The 
great reign of Henry came to an end on the 
14th of May, 1010. He was murdered by a 
man named Francois Havaillae, w ho had been a 
sehoolmaster, had become bankrujit, and, after 
long imprisonment, had joined a monastic order. 
It is believed that Ravaillac was driven by 
fanaticism to kill the sovereign who was giving 
religious liberty to his subjects. It has been w'cll 
said by a French liistorian that Henry was the 
greatek-, and, above all, the most essentially 
French of all the sovereigns of France. 

International Arbitration. Atnong 
some of his projects was the idea, revived at 
intervals since his time, of a confederation of 
European states, at which all international 
questions should be settled by inquiry and 
arbitration, Avithoufc an appeal to arms. Like 
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many other great soldiers, he was at heart a 
lover of peace, and was filled with a conviction 
lhat an inlernational tribunal could b(» formed 
by w'hoso careful consideration and judicious 
decisions reason and equity could bo made to 
(riuniph, without the uncertain services of the 
sword. 

ITALY 

Italy remained for centuries in a condition of 
almosi. incessant civil war among a number of 
rival states such as Rome, Venice, Milan, Naples. 
Sicily, and others — when th<* Italians were 
not engaged in endeavouring to repel invaders 
from tb(Mr own shores 

In 800. IVpin, the son of Charlemagne, was 
crowned Kmperor of the Romans, and another 
desc('ndant ol Charlemagne, Louis 11.. came to 
the aid of Popt' Leo IV. against the Saraeems, 
and. for a. time, checked their progress. Eight 
kings of the Carlovingian line wcvq acknowledged 
in Northern Italy, but their rule ended in 887, and 
they were followed by ten Italian kings — kings 
in name, at least — dukes of difi’erent parts of 
Italy. In 1)01, Berengar IT. was deposed, and 
Otto of Sa.xony was crow’ncd King of Italy at 
Milan ami Emperor of Rome at Romo. From 
that time the Crown of the Roman Empire, later 
called the Holy Roman Empire, w^as claimed 
by the sovereigtis of Germany for many centuries. 

During all these long struggles Rome luid 
eontinuod to bo the seat of the Papal powder; 
but even the power of the Popes liad not been 
able to secure thi' great city as their permanent 
}daee of residence iluring the whole of the Middle 
Ages, for in 1107 the Papal Chair had to bo 
removed to Avignon, in France, wdiore it remained 
until 1170, when it w'us restored to Rome by 
Pope Gregory XT. 

The Papal Fight for Temporal Power. 

Tliroiighout the Italy of the Middle Ages two 
great forces dominate, forces which, in the eyes 
of the id(*alists of the time should unite to govern 
the w'orld, forces which, as a matter of fact, 
AvcM’e mostly set in steady opposition. These 
two forces w(‘re the Pope and the Emperor. I'hc 
heir of Peter and the heir of Cicsar strove for the 
w'orld’s erowm inslead of guarding it with the 
sw'ord and the keys. I’ko conflict of these groal 
chiefs split all Italy into two great factions, they 
themselves afterwards subdividing by different 
political and local causes in very Ixjwilderinfi 
fjishion. The struggle of the Guelphs and the 
Ghibellines contributes much to the most fas- 
cinating history of medieval Italy. Though the 
names of the two factions are now always 
associated with Italy, they had their origin in 
Germany. That country, steadily conquering 
portion after portion of the Roman Empire, 
gave to subjugated Europe an aristocracy ol 
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German names^ and gave to Italy bottidey the 
names of the two great parties whose feud rent 
erery Italian city and divided many an Italian 
hpusehold. 

The Wars of the Two Factions. 

Otto of Freising, writing of the middle of the 
twelfth century says, l^p to the present tim<^ 
4^wo families have been famous in the Roman 
:iBmpire, about the parts where Gaul and Germany 
meet — the Henries of Waiblingen and tlie 
Welfs of Altdorf.” The name of the little town 
of Waiblingen and of the family of Welfs were 
Italianised into the forms we noAv know as 
Ghibelline and Guelph. Througli the perplexing 
and intricate history of medijcval Italy, witli its 
many independent cities and little principalities 
all warring one witli another, these two 
names of faction arc over to the front. It 
is not easy to estimate preeisoly what the 
two terms signify. Speaking roughly, the 
Ghibellines stood for stern authority and the 
Guclplis for popular liberty ; but the exa(;t signili 
canco of the terms varied under v'arying coiidi* 
tioiLS. Broadly, the Ghibellines were the party 
of the Emperor, and the Guelplis th(^ parly of the 
Pop<v A hostility that dawned with the expedi- 
tion of Frederick Barbarossa against Italy in 
1154 persisted through the ages, and its intln- 
enco is perhaps not yet altogetiiei* extinct. 

While Pope Innocent III. was giving the 
law to every kingdom of Europe : while 
the Emperor Frederick 11. was tin* most 
hrilliant figure in his brilliant Court, and was 
coming und<‘r the oxcommnnieation of GiuMp^'ic 
pope after Guelphic pope ; while from Frede- 
rick's death in 125(1 to l‘l(19 no Emperor was 
recognised in Italy, the Guclphs and th(‘ GhiVicl- 
lincs continued to rage against (*ach otlicr. 

The Dream of Rienzi. During the y<‘ars 
when the Papal seat was at Avignon was seen 
the rise and fall of Cola- d(* Rienzi. This remark- 
able man w’hs born of humble parents, in 1,‘lGk 
but was from his childhood an eager stutlent 
of the great Latin Gla.s.sies, and he became filfetl 
with a passionate desire to reston^ the Roman 
people to their ancient- position of independence 
and glory. found Rome sufTering under an 
aristoeratie rule during the intervals of its inva- 
sions and captures by foreign pOAvers. The deatli 
of his brothel’ by the wanton act of a noble, and 
the knoAvledge that ho could obtain no redress, 
gave a sudden stimulus to his revolt against 
the pOAver of the nobles, lii 1347 he siioct'eded 
in inducing the citizens of Rome to rise against 
the aristocratic Senate. The Senatorial rule 
Avas for the time completely overthroAvn, and 
Rienzi Avas made Tribune, a position Avhich 
w as practically t hat of Dictator. He endeavoured 
to bring about the realisation of that dream Avhieh 
■was yet to remain a dream for some eeuturi<*s — 
the unity of Italy, wuth Rome for its centn* of 
government. 

He prevailed upon the other states of Italy 
to send delegates to Rome to consult on measures 
for the construction of a great Italian <!onfedera- 
tion. The scheme was recciA^cd iwith enthu- 
siasm, and on August 1st, 1347, two hundred 
deputies assembled in the Latoran C’liureh, and 
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Rhmzi w'as crowned Tribune of the new' Federa- 
tion on April 15th. But the delegates, like Rienzi 
himself, hji-d l>een canied aAA^iy by (mthusiasm. 
and had not estimated the immense power of the 
aristoeratsf Rienzi defeated the nobles in a 
bloody^ battle in Noveml)er, but, filled with tl*e 
prkle of victory, ho tried to enforce obedience, 
and became unpopular. * The Pope declared 
against him. and , after only soa'cii months of 
his exalted position the bright dream faded, and 
the Tribune had to seek refuge in Naples, 
Avliero he remained for tAvo years leading a life 
of religious seclusion. 

A Failure due to Success. He then 
determined to go back to Rome and continue his 
eflorts for the overthrow of the nobles. Ho 
first went to Prague to ask the support of the 
Emperor Charles IV'., but was sent by him as 
a prisoner to Po])e Glement V^l. By the inter- 
cession of iVtrareh lu‘ Avas released, and tho 
new Popc‘, Innocent \'l.. who had succeeded, 
wishing to crush the nobles, .sent Hienzi to Romo 
Avith ( 'ardinal Albormoz. Now miglit have eomo 
the triumphal hour of the people’s Tribune. 
But Hienzi st‘ems to have been carried away, 
for the first time, by personal ambition, and his 
second success led him into the desire to win for 
himself a su])reme position. He forme<l a body 
of .soldiers into a guard of his own. and lieaded 
a proee.s.sion into Runu* in August, 1,354 His 
general bearing seems to have convinced a large 
number of Romans tliat he Avas an ambitiouH 
self-s<‘ekcr rather than a devottsl patriot; whore 
he was once ador(*d h(‘ was uoav detested, and 
in a sudden lairst i>t fury a numl>er of tho 
])opulacc surrounded his house and put him to 
deatli. 

The career which had opeiual so brilliantly 
came to this ghastly end on October Sth, 1.354, 
Avhen Rienzi liad hardly pass<*d his prime. 3’’here 
can Im^ no (piestion that he Avas a man of great 
ability and force of charaeti'r, and that he had 
then rlrcamcd a dream for that unity of Italy 
which has in our days beeonu* a living reality. 
Ill 137R, Gregory XI. restored the Pa])al throne 
to its ])laee in Rome. 

The Times of Dante, ’riic years at 
Avliich wc have been taking a rapid glance form a 
period during Avhieh some of the greatest names 
in Italian art and letters came into their full 
lustre. Dante Alligliieri, one of the gri'at poets 
of all time, Avas born in Florence, in 1205. In 
128fi lie took ])art in the battle of (Aimpaklino, 
but \\v seems soon to have gWen up military life 
for ])olitics, in which he sided with the Guelph 
party. When that party later became divided 
into Blacks and Whites, Ins sympathies w'cro 
Avith the Whites, or mor<^ moilcrato Giielphs. 
Wdicn the Blacks triumphed, Dante and others — 
among them fatlicr of Petrarch— were 

exiled from Florence, in 1302. Dante Aveut first 
to V^erona, then to other jiarts of Italy. it is 
said, to Parks, and finally to Ravenn . a here ho 
died on 8epteml)er 4th, 1321, and »s biiriod 
by Ills friend Guido. Of liis r,i,iny works thoso 
lK*st knoAvn to English readci^ mv the “Divine 
Commedia ” and the “ V'it > \uo\ a.’ AA'hich tells 
of his loA'O for Beatrice 
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Niaroit^ 

Petrarch, another great Italian poet, was bom 
in AreK/x>, in 1304. He lived for many years at 
Vauclouse, near Avignon, during tlie years when 
the Papacy was established at Avignon, and it 
was there that He first met the Laufa to whom 
his famous sonnets are addressed. He died 
in Italy — at Arqua — in 1374. There were other 
great names in literature and, of course, very 
many in painting and sculpture, which arose in 
Italy during succeeding generations, but thosi^ 
of Dante and Petrarch will vindicate the claims 
of the Italy of the Middle Ages to rank with the 
Italy of the days of Virgil and Horace. 

Italy under Five Rulers. The hlstoty 
of Italy now liecomes for a long time^ a 
narrative of the struggles l>etween rivfil mlers 
and families at horiu^ for the posst^ssion of 
Italian regions whicli had been lost, or for 
further conquests. Ilie Italian peninsula was 
divided among five dilTerent rulers. The 
Kingdom of Naples, the Duchy of Milan, the 
Republics of Ploronce and Venice, and the 
Papacy at Rome hold the country as inde))en- 
dent powers. Tlic states were, however, not 
lield continuously by the same line of rulers, for 
thoro were frequent changes of masters. Venice* 
was ruled for the most part V)y a hereditary 
Grand C'Onncil, and her long contf‘H</ witli Goiu»a 
to hecoine the ruling power of the Mediterranean 
had ende.d in success for Venice. Tlie Kmperor 
(Charles V. of Germany, and Francis J. of France, 
rivals in their efforts for power in Italy, kept the 
country long distracted. 

The Sack of Rome. Francis regain<‘d 
poss(^8sion of Milan in 1515, but some yciirs 
after the 10mj)eror was again successful ; in 
1524 ho drov<? the French Wees out of Italy, 
and during the long struggk' the French King 
was actually taken prisoner at Pavia. Tin* 
sack of Rome by an army modi' up chiefly of 
Lutherans and Spaniards, lighting for tin' 
Emperor, and the foreign occupation of Rome, 
lasted for several months, and distracted tliegrc'at 
historic city by successive tand horrible sc(*in‘s. 

The family of the Borgias, which was oini 
of the most powerful in medifcval Italy, caiiu* 
originally from Spain. Alfonso dc* Borgia, 
a bisliop, a.eeom])anied Alfonso of Aragon, whose 


secretary ho was, jbo NapB». Later on he was 
chosen as Pope, with ,.the title of Gallixus III. 
His nephew Rodrigo became Pope in 1492, tis 
Alexander VI, Before he ascended the Papal 
chair he was the father of many children, of 
'whom Ciesar, his fourth child, and Luerezia, 
his fifth, wore the mo^t famous, (^ajsar Borgia 
was born in* 1476 and died in 1507. . His active 
life lasted only about four years. His ambition 
w^as to reconstruct a Kingdom of Central Italy, 
of 'which he should be the head ; and it seemed 
for a time as if he would succeed. But the death 
of his father in 1503 — it was believed by jioison 
— was fatal to Csesar's plans. Pope Pius III. 
was suceoeded by a great enemy of Caesar’s — 
Po}»e Julius. 

(.Vsar was imprisoned in 1504, but escaped two 
yt‘avM later, and went to Navarre, wliere he was 
killed while in command of the Royal forces in 
ih(i follow'ing year at the age of thirty. About 
him 'was written Ma^'liiavelli's famous “ Princi^x'." 
H<‘ was a lover of art and k*tters, and the patron 
of Ijonardo da Vinci. 

The Medicis. During the fifteenth century 
the family of the Mi'dici luid become practically 
th<‘ rulers of Tuscany. With (‘osimo de Medici 
(138iP 141)4) began the glorious epoch of the 
family. He obtained for Florence, which w'as 
.still — «nt least nominally — a. Republic, a tern 
])orary safety from invasion and something lik<' 
pc*aee from civil strife. He devoted much of his 
lime and wealth to the encouragement of letters 
and art ; ho adoriu'tl tlu' city with magnificent 
buildings, and <‘sta4)lished some gi’cat libraries. 
He was th(‘ grandfath(*r of the famous Lorenzo 
<le Medici, called “ The Magnificent,” most 
famous as the patron of Michelangelo. 

To a, younger branch of the family belonged 
th«- next important ruler of Florence, CosimoJ., 
who at one time enjoyed the distinction of 
the tit)(* of “The Great.” (^osimo had much 
ability, energy, and statesmanlike capacity, 
juid had iiilieritc'd tlu' love for lit(‘rature and art 
of some of Ins prederessors. He Avas, on the 
Avhole, a just j-uler, tliongh in Jiis })crsonal dis- 
likes he was severe and eaprieitnis. He Avas 
made (irand Duke, of Tiiseanv in 1570, and Was 
erowned by Pius V. He dier! four years later. 
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By JOSEPH W. HORNER 


Cams. After the detail drawing of the frame 
of a machine has been completed, the minor 
details are drawn out on se]>a.rate slice! s as 
previously explained. Fig. 141 illustrates, a 
working detail drawing of tlie cams of an auto- 
matic screw machine. Tlie views sliown com- 
prise a separate detail of each cam and a general 
lay-out of the cams upon the drum which carrit‘s 
them. The drum is circular, but its p(‘riphciy is, 
developed in order to ligurc thereon the exact 
measurement for spacing the cams. The turret 
of the automatic machine described on jiage 
80112 in Mechanical Engineerinc is controlled 
by a series of cams somewhat similar to those we 
now illustrate in 141. The cams are of tern period 
spring steel, and are secured to th<‘ drum by 
means of .J-in. screws ; the working face of (*ach 
cam has a bcv.elled edge arranged .so that th<‘ 
turret roller may clear the face of the drum and 
yet have compU*t(^ contaet with the cam. The 
drum is k) in. diameter, the Icngt h of its periphery 
or circumference is thcn'fore 1)4*248 in. Th(‘ 
width of the drum is 10 in., which allows for a 
total travel of the turret of OJ iu.. A line marlo'd 
zero is the base from which all measurements arc 
taken when spacing the earns around tlu* drum. 

The cams marked H, J, L, ^I, and K are used h»r 


revolution ; the slow spctnl is n.scd whih* a screw 
is heing actnaUy machiiu'd, the other cutting 
ojierations being performed, at fasts))eed. All the 
r(*tum-fccd cams. B1 to Bo, arc set at an angle of- 
68 deg. for quick return, while some of the forward 
feed cams, U in particulai’, have a V(Ty much 
smaller angle, and conscfiuently feed considerably 
slow€‘r ; in faet, the angle of the earn is d(‘signed 
to suit the rate of feed, and this is determined 
by the nature of the work to be done by the 
active tool in the turret. The doty of each cam 
is stated on the gt'neval lay-out. 'flic illustration 
fl41| is reproduced from an actual working 
drawing supplied by Messrs. Alfred Herbert, Ltd.. 
C ‘oven try. 

Heart-shaped Cam. The cams in the 
preceding example are single acting — that is, 
they do not separately eonqjlete the roeijwfx al 
movement of th<^ tnmL In many rneclhanisms it- 
is (‘.s-sential that a single cam shall complete* a 
forwai’d and backward stroke, when it takes the 
form of a revolving plate ju’operly shaped to 
give tlu‘ ref|uired movemeut. Fig. 140 shows jv 
lH‘art -shaped cam. designed to give a uniform 
reeipro(‘aling moliore to a vertical rod. To mark 
it out properly, we fir>t consider the ])ath to he 
traced by tin* ei‘ntre of the roller which is on the 


feeding the t urret forward for various operatiems, 
while the cams marked Bl, B2, 

B8, B4, and B5 return the turret 

from the operations. The cam , - 

marked N gives only a par- ^ ? 

tial return feed, and the . > ;'L- 

turret is stationary from * 

the time cam N leave.s 


Draw (‘ireh‘s for the sha.ft and the boss of 
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tial return leeci, ana uie , 

turret is stationary from ji 

the time cam N leave.s ' 

it until cam B5 eat elu^s . y / ' it - 

the turret roller to / /Y ^ 
complete the return // 

fond. This period is 
taken iq) by the cut - / / V/// 

ting oft- of the 
finished screw from j 1 1 1 1'Jiln 
the stock bar in the , I . I . 1 1 l/j ; /l r i (' 
chuck. There is a 1 

somewhat similar 1 ' ' i \ '•) 

perhxl of rest he- 
tween cam M and \ ^ \ \ ^ WvaLAK \ 
cam B4, which is \A\>'C\ /' ' I 

taken up by V 

forming tool coming ^ f 

into action and retiring. i 

The speed of the t 

turret is governed by the 
^poed of the drum and the *' \ 
angle of the particular cam 
in engagement. The s^^ed of the 
drum is varied automatically from ^ ^ 

fast to slow and vice versa by ex- 
ternal means as required during the 
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the cain, ley; off the thick- 
neee of the cam rim above 
the boss, \vhich thickness 
may be one-quarter the dia- 
meter of the shaft, and then 
describe the roller and its rod. 
The stroke or travel of the 
rod A B is measured off and 
divided into any given num- 
l)er of parts (say 10), dotted 
circles are drawn through 
these points, as shown, using 
the shaft centre as a cotnmon 
centre ; then divide the cir- 
cumference of the outer circle 
into 32 equal parts, a, h, r, 
<‘tc., and draw radial lines to 
the centre. The theoretical 
curve of th(^ cam passes 
through the intersections of 
1 a, 2b, 3c, 4</, 5c, and so forth, 
such a curve being the true 
})ath of the roller centre. To 
obtain the actual outline of 
the cam, a series of ares are 
struck from the intersections, 
th(‘ radii of the arcs being the 
radius of tln5 roller. A line 
touching all these arcs and 
having a smootli curve is the 
outline required. 

Small cams are. frequently 
formed from tiat sheets of 
metal, hut largo ones are 
made with rims and ribs as 
1 40. The oiitlincs of cams can 
be vaiicd to give variable 
speeds, periods of rest, slow 
speeds, and quick return 
motions, etc. Jii ermhimt 
nutcinnenf cams arc often 
used to lift a weight, which 
drops fi’i?cly when the apex 
of the cam )eav»‘S it. Jn 
such cases the cam h<as no 
return face. 

Spindles. Spindles arc 
small shafts, used in machine 
tools and light machinery. 
'J'hcy are genei’ally short, 
and have special provision 
for adjustment and lubri- 
cation. Fig. 142 shows • a 
spindle as titled to a lathe 
Iicadstock. The front end, A, 
is scrcw'ed to receive the face- 
plate, and a collar, B, is moiic 
part of the spindle in order 
to stop the faceplate always 
in the same position. The 
coned necks in the two front 
bearings arc arranged sd that 
when wear takes place the 
necks may lx? drawn into the 
bearings "and the slackness 
taken up without lowering 
the centre of the spindle. 
The back lock nuts, C, arc for 
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LATHE SriNDLE 


" drawing the spindle into the bearings ; the back 
cone is smaller than the front cone so as to pass 
through the front bearing. The third bearing 
carries a stop pin, I), the function of which is to 
prevent the conical parts from 
jamming in the bearings when 
end thrust occurs. It is fitted 
with adjusting nuts, E. The 
taper of the cones may bo 
from 1 in 4 to 1 in 0, measured 
on the diameter. 

Another spindle is indicated 
in 143, where end thrust is 
taken in a thruM hearing. A 
number of collars are turned 
on tht^ spindle to fit into a 
corresponding number of re- 
cesses in the back bearing ; 
both the front and the back bearings are divided 
and fitted with caps, so that adjtistmcnt can lx* 
made for w'ear. The bearings are parallel, and 
lock nuts, A, arc provided for the ])ur))os(‘ of 
taking up wear on the faces of the thrust collars. 
This is a common 
form of spindle on 
heavy lathes \vher(' 
the end thrust is 
considerable. 

Thrust Bear- 
ings. The most 
efficient thrust is 
that made with 
steel halls, for in 
such construction 144 nAij.-THKr.sT Fo()T.sTEr n 
rolling friction 

takes the place of sliding friction. Fig. 144 
illustrates a btill -thrust beaiing arranged at 
the bottom end of a vertical spindl(*. This 
is made by the KofTmann Manufacturing 
Chelmsford. The construction is .sirnpU* and 
entirely self-contained ; the 
baseplate F can he made to 
suit any machine, or it may 
be part of a machine. TlH^ 
ball thrust •jnoper is com- 
posed of an outer cast-iron 
casing, (f, recessed into the 
baseplate F ; a conti or float- 
ing disc, H, which auto- 
matically adjusts itself in 
its seating and so ensures 
an equal load upon all the 
balls ; a ring of halls held 
in a retaining cage, T, a 
hardened steel cup, K, and 
a retaining wire. L, The rc- 
t>aining cage I prevents any 
friction between the balls 
themselves ; it is so designed 
as to float upon the balls, 
and therefore it does not 
bear upon either the cup 
K, the cone H, the casing 
O, or upon the spindle 
iteelf to cause friction. Thi? 
ret>ami]ig cage also enables the complete ring 
of balls to fi) handled without the balls falling 
out, a great convenience when putting a 
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WITH THIirST 



upon 

steel 



bearing together or dismantling. The retaining 
wire L keeps all the parts together. It is 
not necessary to key either the cone H or the 
cup K in ])lace, as tlie friction hetwiHTi them 
and the halls is so slight that 
• die friction helweeii them and 
their seats is ainjile to prevent 
rotation. The steel halls are 
“ Hoffmann halls,’" and are 
guarant(*ed fo he within one 
t(‘n -thousandth part of an 
inch of standard, both as to 
spherity and size. Thest' 
hearings do not provide for 
side su])port of tlu' spindle, 
hut only for end llirust ; they 
lk.s art* madt* in heavy, mt'dium, 

and light types. A table of 
sizes of the medium type i.s given on page 4327- 
Footstep Bearing. An ordinary footstep 
hearing is shown in 146, wliieh providt'S for end 

thrust anti also for 
side support of 

the spindlt*, hut 
is not so efficient 
as the previous 
e .V a m pie. T h e 
thrust is taken 
a concave 
disc. A, laid 
upon tin' hase- 
])iate R, and ke])t 
from tuiTiing by 

the j)in F : the 
disc A is ke])t in 
a ct'iitral position 
by the gnn- 
metal hush 1 ), which husli also gives side 
support to the spindle ; the s(‘t screw E 
keeps tlu* hush from turning. 

Ball - thrust 
Washers. A common 
device* to take* end tlirust 
on light .spindles is to have 
several washers arranged 
l)etwe(*n the ('ud hearing 
and a collar on the 

sliaft. A better method 
is illustrated in 145, which 
shows an application of 
two Hoffmann hall-thrust 
wasliers to tlu* fcc*d ser(‘w 
of a lathe slide. ’I’he ring 
of halls is lu*ld in a re- 

taining cage* as in 144 ; 
hardened steel washers are 
provided for the halls to 
run between ; these hear- 
ings arc made with a 
hole five-thousandths of .mi 
inch larger than st.iru/ ird, 
so as to allow thr Kpindle 
to revolve fie* inside 
the washer. Hi' end of 
the spiiuho si.rewed and 
fitted with a circular nut, nlii< w kept from 
roA^olving by a pin passini: ihrough both nut 
and spindle. 
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147 . ECCEXTRIC ROLLER BEARING (Hyatt Roller Bearing Co,, Ltd.) 
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HOFFMANN THRUS'C 

BEARINGS— 

MEDIUM 

TYPE 





Sizes . . 

in. 

i 

i 

1 

|H 

n 

H 

IJ 

2 

2i 

2i 

3 


4 


r, 

6 

Size of balls . . 

in. 

l) 

A’ 

A 


A 

i 

1 in 

i 

0. 

1 

I'i! 

1 

H 

M 

n 

1? 

2 

Number of balls 


8 

10 

10 

! 10 

10 

10 

! 10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

H'ght of bear’gs A . 

in. 

r»t* 

SS 

ii!! 



1-J 

H 


2 


28 

3 


4 


r>i 

Outside diam. B. 

in. 

If 

2 

i2i 

2| 

2i . 

3 




4 

0 i 

l«; 

n 

9 

lol 

12 

Bore of case C. 

in. 

1 

lA 


H 

MJi 

1 2 

2 A 

■2S 

*'k 

4 ! 

4S 

Si 

0 i 


8 

Shaft diameter D. 

in.' 

I 

1 i 

i 

1 


n 

li 

1? 

2 

'2', 

: Oi 
-2 

’ 3 ' 

3i 

■i 

i 

5 

6 


Ball - bearing 
Hubs. A good 
example of a ball 
bearing which takes 
both end pressure 
and journal pres- 
sure is shown in 
148. It is known 
as the Hoffmann 
patent hall-bearing 
hub, and is specially 
designed for motor- 
cars and vehicle 
wheels of all kinds. 
I’hc7‘e are four rows 
of balls in each 
hub: the two outer 
rows take t h e 
journal load whilst 
tlie two inner rows 
take end thrust in 
either direction. 
The load is taken 
in each caseatj’iglit 
angles to the axis of 
rotation of the ball, 
and a perfect rolling 
action is attained 


t HOFFMANN BAl.l. - HKARINCi 

HUB— 

HEAVY 

TYPE 


Size of Bearing.s 



u 

12 

lA 

13 

2 

2i 

24 

Diam. of large journal halls 



*> 

2 

2 

3 

7 

8 

* 1 

14 

,, ,, small 


. . 

i'll 

■1 

i'll 

2 

a 

4 

1 

1 

,, „ thrust halls (2 rows) .. 




4 

<» 

1 H 

2 

3 

1 

1 

Numl)er of balls in twli row 



10 

10 

10 

10 

.10 

10 

10 

Diam. of liangi* 

A. 

in. 

'U 

71 

72 


n 

11 

13 

,, ,, axU\ small end . . 

B. 

in. 

3 

7 

H 

lA 

l.il 

lA 


n 

,, ,, large en<l . . 

(\ 

in. 

14 

12 

’A 

13 

2 

2. 

24 

,, ,, body 

D. 

in. 

'4 

13 

n 

2 

2.1 

2.1 

24 

,, end of housing . . 

E. 

in. 

3' 

4} 

4,\, 

5 

0 

6: 

74 

., body 

V. 

in. 

:i| 

33 

44 

4.'!, 

•'•>2- 

0 

7 

,, ,, taper ,, 

G. 

in. 

••l.V 


48 

4 


OJ 

71 

Ik'grees of taper on shaft 

H. 

..1 

■1' 

4‘’ 

4" 

4’ 

4‘' 

4" 

4^* 

End of cone to end of housing . . 

J. 

in.l 

1 1 

1 :) 

.*) ‘.i 

1 r, 

.*» l! 


h 


Vlv 

l.»(‘ngt h of taper inside eonc* 

K. 

in.' 

o’t i 

•j'.y 

3,3J 

41 

1 

•7;i| 

4 

,, „ straight part inside cone 

L. 

in.l 

:> :i 

t 

h'i 

-'.1 t 

1 ' 

1 :) 
iV 1 1 

H 1 

.3 

uf 

End of cone to inside of greasi* cap 

.M. 

iii.j 

1,,’, 


I..';, 1 

I4f 

m 

12 

18 

Undercut width hetw’cen flanges 

N. 

in.' 

lA 

1 0 ” 

* 8 

12' 

12. 

■ 

24 


Thickness of llange 

o. 

in.l 

1 

1 . 

JL 

■1 1 

1 

4 

til 


P' 

1 

H 

Inside edge of tiango to edg(* of taper 

W 

in.j 


;n 

) 

1 

l.'l. 

12 

Inside flange ovi‘r end of liousing 

Q. 

in. 

il'i 

if 

‘A 1 

1.13 

IH;! 

2! 

21 

Width between flanges . . 

K. 

in. 

ij 

u 


iJ 

ir 

2 

2“ 

Ov<*rall length 


in.! 

1 

43 

**M 

r.3 

112 

71 

84 

81 


with a consequent minimum of friction. Tl\e 
cone piece is of hardened steel grouml out. 
intei-nally to a taper which lits the* axle and is 
held on by a nut and pin in the usual manner. 
When this* nut is removed, tin? wheel, with the 
bearing complete, can bo taken olT the axle. 
The removal of the wheel with hearing does not 
interfere in any way with the adjustment of 
the ball bearings. When it. is required to dis- 

9 w mantle 

' ^ the bear- 



the bear- 
ing,’ it 
is done 
easily by 
unscrew' - 
ing the 
disc nut. 
W at the 



"I M 1 at tne 

£l ^ inner end 

1 ' ' of the 
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hill), and 

I w it h - 
J drawing 
the bear- 
ing from 
that end. 
The balls 
are held 


in retaining cages and do not fall out when the 
hearing is takim to piee(*s. LeathcT \vash(*rs are 
tilted to the disc nut in oiiler to (*xelude dust. 
A table is given on this pag<? showing the head- 
ing dimensions of the? heavy tyjK*. Th(?y are 
also made in medium and light types. 

1’he use of hall l)earing.s as a mt?ans of reducing 
friction between moving ])arts has wide applica- 
tions apart from tlu? examples givtfii, hut tho 
principles of design and construction do not 
materially alter. 

Roller Bearings. Another anti-friction 
appliance is the roller hearing, the underlying 
priiieipio of which is identical with the ball 
bearing — that is, the suhstiluiion of rolling 
friction for sliding friction. Bearings are made 
having solid rollers interposed b(?tw(;en the shaft 
and its .seating; such hearings when jiroperly 
designed arc a great improvement on plain 
bearings having sliding friction, hut they are not 
perfec?t. To obtain the host efficiency and tho 
longe-st life out of a roller hearing the rollers 
must be flexible, so as to present 
surface along their entire 
laritios incidental to tho runnii^if^^mifting and 
axles prevent the unifoi’nr distribution of load 
over the full l(^th of the bearing, resulting in 
unequal distortion of the rollers 
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whon tlR'v an* madr solid, and constMiucntly 
rigid. Tlu‘iv ai*t* st'veral iiK^tliods of making 
rollers flexible, one of the best of which is adopted 
in the Hyatt fiexiblo roller. This roller is made 
from a strip of steel wound into a coil or spring 
of uniform diameter ; it is aj>plieablo to all 
RfK^t^ds and loads, and can be made of thin 
material for light loads and high speeds, and of 
thicker material for heavy loads and slow 
speeds. The roller acts as an oil reservoir and 
the spiral grooves as oil carriers. If diii or other 
foreign matter get into the bearing it is s<(ueezed 
into the inside of the roller anay from the Iksu- 
ing surfaces. 



straj) ( *. 'the rollers lie between the sleeves and are 
kept in j)laco by a retaining cage, which holds 
theju in such a way as not to restrict their 
operation but simply to prevent them from getting 
too far out of line. The split sleeves are shown 
in defail, and they are kept from turning by 
})ins as indicated in the general views. The 
strap C is in halves to facilitate removal, and it 
has bronze end-plates fitted. The bearing is 
kept flooded with oil. 

Waggon Bearing. A unique yet entirely 
successful ap)>lieation of the Hyatt roller is given 
in 149, wliieh is a copy of a working drawing. 
It rc'presents a w aggon axle*box as made for the 
North P^astern Railway Company. The journal 
is 5 in. diameter and 9 j in. long ; the end of the 
axle is reduced in diameter and a steel ring is 
shrunk on in order to keep the sleeve in place. 
The outer and inner sleeves arc split and ground 
true as in the pievious example ; the rollers are 
kept in a 1 ‘etaining age. A bionze thrust block 
is litted ill the end cover of the lx>x, and also 
an oiling ring to ensure the lubrication of the 
thrust block. . The external arrangoment of the 
box is normal ; there is the usual dust-guard at 
the inner end and the usual formation oi sprii^ 
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seal on the Fop. The box ImM groove» for double 
horn plates as shown, 'rhis l)earing after being 
in use for a twelve moiilh is still in perfect 
condition. This class 
of bearing is widely 
used in a lighter form 
for small cars an<l 
mine trucks, and very 
frequently in such 
cases the wheels are - 
l(K>8e on the axles and 
contain the roller 
bearing in their 
bosses. 

Swivel Bear- 
ing, Great saving 
in power is effected 
when roller bearings arc applitd to line shafting. 
Fig. 150 illustrates the construction of one 
fitted to such a bearing as is shown in 61 
on page 3265. The consiruclion is g(?nc;rally as 
the preceding examples, but the innc*r sleeve 
is omitted. Small metal wiiiers are titted at 
each end to prevent oil from eieeping along 
the shaft, and so getting outside* of the bearing. 
Such a hearing is suitable for high speeil 
shafting. The scope of the Hyatt fl(*xibl(‘ 
roller is much wider than the examples wt* 
give. In motor-car work aloiu* it is used very 
extensively. ^ 

Sketches* Freehand sketches arc made for 
simple details in order to avoid tlie time and 
labour of making scale drawings. The sketch 
should show proportionately the different sizes 



of the article depicted, but it need not be made 
to scale. Fig. 161 shows a sketch made* for a 
repair job. Considerable art and practice is 
required to make an intelligent sketch of this 
nature. It is necessary to give all the informa- 
tion required for the complete manufacture of 
article. Many cases of repair arc most urgent, 
and no time can ^)e spared for a second visit 
to the scene of the breakdown if all particulars 
be not taken at first. In the case illustrated 
im] the “Onward” arrives in harbour with 


her port jiaddlc wheel damagi'd, and it is higJih' 
important that she should leave* with the next 
tide. Sktdehes aeeordingly are made* trofu 
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measurement flu* broken parts, and new oiu^s 
are manufactured therefrom in the shortest 
possible time. Insufficient nr inaccurate in- 
formation on the sketch Js a most serious maitt.*i*. 

Duplicating Sketches. Sketches aix* 
also made to supjiloment working dra>vings w'hen 
the laitc*!* aic to lie used a second time in the shops 
hut are not strictly eornu't in some detail. For 
example, a second machine may he rcqum*d 
to Ik* made from a cerfain set of drawings, and 
imjuovements or moditieations are desmiblc ; 
sueh alterations may not warrant the making 
of a fr<*sh set of drawings yet the w'orkmon must 
Jiave detinile information to work to, and arword 
must Ik* kept of both machines. A cronvenient 
ju’oeedure is to make sketches of the modiffca- 
tions r(‘(pnr(*d, and to aiUuh such sketches 
to the drawing. The office record is ohfainod 
by the simple process of making the sketch 
with ordinary copying ink, and jiress copying into 
a hook just as one w’ould copy a lett<‘r. '^I'hc 
reterence on the bottom right-hand cornel’ of 161 
indicates that the sketch is copied on page 325 
of sketch-hook No. 3. 

Value of Sectional Paper. Secdioiial 
paper, oj’ .sffitnrfd jKtpvt\ as it is sotm*times termed, 
is of great assistance in making sketclms to s<*a!(^ ; 
it can Ik* obtained in various rpialities and rulings. 
A numlxT of vertical and horizontal interses-liug 
liiie.s arc printed faintly u]K»n the paper, the 
effect of which is U> cover it with a. quantity of 
small squan*s drawn to some delinite srrale. 
By the use of this papt*!’ fairly (*lahorate sketches 
may lx? made to scale without the use of instru- 
ments. Sueh paper is useful in many ways, 
<»ne of w^Jiieh is tlie plotting of lines ana curves 
to show' the fluctuation of factors or values ; tlu^ 
r(*sidls of <L\periments, and tests may lx* seen at a 
glance w hen properly laid down on s<piared pafier 
in the same manner as w e s<*(‘ th<* variations of a 
recording baronioteT’. 

Anoth(*r use for sectional paper is the 
.struclion of calculating charts; these are iis< cl lo 
facilitate ealcmlations by eliminating ic(iious 
arithmetic, and they are quite as net ful to the 
draughtsman as is an ordpiary slide rule. The 
strength of gear wheels, lH*lts, columns, etc. 
can Ix^ plotU^d on a chart in ‘urh a way that 
any two factors being gi\<‘iL die third may be 
read directly from the cli.u i w ithout calculation. 
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Proposition 2. Theorem 

If two adjacent angles he supplementary, the, 
exterior arms of the 
angles are in the 
same straight line. 

Let the adjacent 
angles COA. DOA, 
'*b(* supplementary. 

C OP Id required to 

prove that CO find 
DO are in the same straight line. 

Proof.. If C‘0 and OD are not in the same 
straight line, produce CO beyond O to any 
point R Then 

COA, AOP are supplemcmtary (Prop. 1). 

But 


-.s COA, AOD are supplementary (Hyp.). 

L AOP - AOD. ^ 

the line OP must fall along the line Ol>. 
But OP is in the same straight line with CO. 
OD must also bo in the same str<iight 
lirie with (D. 


Proposition 3. Theorem 

If two straight lines intersect, the 
opposite angles are 
equal. 

Let AB, CD inter- ^ - 
seet at O. 

It is required to 
prove thfit & 

(i.) ^DOA- I. COB. 

(ii.) *iCOA -- .iDOB. 



Proof. 

i_s DOA, COA are supplementary (Prop. 1). 
i_s COB, COA are supplementary (Prop. 1). 

.18 DOA and COB art* ecpial. 

In a similar w^ay it can be shown that i, s COA, 
DOB are equal. 


TRIANGLES 


1. Bectilineal figures are figiire.s wliieli are 
beunde<l by straight lines. 

A triangte is Imuiided by three stmight lines ; 
n quadrilidcrul by four; find a polgt/on by more 
than four. 

A rectilineal figure is 
equilateml when it ha.s all its sides equal, 
equiangular when it has all its angles etpial, 
regular when ii has all its sides equal find 
also all its angles equal. 

2. A triangle is 

equilateral when all three sides arc cqiifd, 
isosceles when two sides are etpuil, 
scalane when all the sides are unecpial, 
rigl^-a^ufled when one of its angles is a 
nght angle, 
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oUuse-augted when <*ne of its finglcs is 
obtuse, 

aeute-angled when all its angles fire acute. 

Note 1. Any fingulfir point of fi triangle 
may be looked n[)on fis the. vertex of the triangle. 
Tlio side oppositt> to this angle is then called the 
base. In the ease of an isoseeles trifinglc the 
intersection of the erpifil sides is generally 
tfikoii fis the vertex. 

Note 2. In a right-angled triangle the sido 
opposite to the right fingle is cfilled the hgpo- 

iena.'ie. 

Note I*. ^Mle ihrt^e sides and three angles of 
a triangle form the six ]Kirts of the triangle. 

Two triangh'S fire saiil to he e(ptal in all 
resperts. or congtucnt . when the six parts of the 
one are v‘<|ii{il ri‘speetively to the six parts of 
the other. 

Proposition 4. Theorem 

If tiro tri(nnfles hare liat side.^ of the one nqmdf 
resperf irel n. to tiro sidr.s of the ot}ie)\ and have 

also the angles 
^ contained by 
\ the.^e sides etjxial 
\ to one another, 
\ then the tH- 
—A angles are equal 
^ in all respects. 

Let ABC and DEC be two triangles in which 
AB-DE 
AC : DE 
/.BAC ^ i.EDE. 

It is vetjuired to ])row that the A ABO 
== ADEF in all respects. 

Proof. Plfico the A ABC on the ADEF so 
thfit the ])oint A falls on the ])oinb D, fuid the 
line .AB falls filoiig the line DK. Then, since 
A I? — DK, the point B must fall on the point^ E. 

Also, since the L BAC — L EDF, the directions 
of their otlier arms mn.st eoincido ; so that AC 
falls along DF. And, because A0=DF, the 
point C must fall on the point F. 

Hence, we luive shown that the A ABC can 
be placed on the ADEF so that the throe 
fingular points of the one coincide with tho 
corresponding fingulfir points of the other. 

the A ABC — the A L)EF in all respects, i.e, 
EF 

iLABCr. ^DKF 
iLACB-^ lDFE 
Ah are equjil in area. 

Proposition S* Theorem 

The angles at the base of an isosceles triangle 
are equal. 

Let ABC be an isosceles A, in which AB 
S5= AC. 
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It is vcuuireil to 
that 

^AFJO= :.AOB. 
rntof. Suppose AD is the 
Htjaight lino which hisocts 
tJio BAl\ ami moots the 
bjise at D. 

Then, in the As BAD, 

(WD, 

BA ^ (;A 

AD is common to both As 
incUuloil mBAD= included *.(?AD. 

Therefore, A BAD A ('AD in all respects 
[Prop, 4]. 

Therefore, '.ABC.' — i.A('B. 

(Uirolhtry 1. If the equal sifles o/’ an iMp^fceles 
irmmjhi are pnnluee(1^ the ejcleiatr autfles so 
formed are eqxad, 

fn the figure, L CBE = lil.VF. 

For they are i esj >ectivcly the supplements of 
the equal lh ABC, ACB. 

1\>x‘oUar\f ‘2. Jf a (r'tatujle is equilalend 11 is 
o/,so equiangular. 



ProposUion 6. Theorem 

If lu’tt atufles tfj a Irlanqie are equal, the sides 
tehteh are opftnsHe /o these axujies at e equal. 

Ijot ABC be a A, in which 
« AB( :.ACB. 

It is >e<|iiircd to prove that 

A(^-=AB. 

PrtKtf. If AB is ual e<piH) to 
A(\ oik; of them must be the 

^ greater, 'bippost* AB> A(', and 

^ from BA cut off BD espial to 

A(^ .loin CD. 

Then, in the A« At'B, DBt' 



AC -- DB 

BC is connnou to both Ah 
included _ A(;B -- included ^ DBO. 

A ACB — A DB(? ill all respects {Pnqt. 4). 
Hence the Ah are equal in area, so that the 
])art is equal to the whoh; ; which is impossibh;. 

,*. AB and AC cannot be unec|ual, so tliat 
AB^ AC. 


Notb. The above method of proof, which 
consists in showing that the proposition eaumit 
he uiitrne, is called liedu^ lia ad Absurd utu. 

Corollary, If a Irittutfle is equlattyulnr it is 
also nifnllateral. 

Proposition 7. Theorem 

Jf the three sides^of om* trlamfl*’ are t esfu'ctirdif 
equal to the three sides ttf another trlamjle, the 

liiauqles are 
e jual in all 
ft's peels. 

Let AB(\ 
DKF be two 
Ah, in w hich 
AB - DK 
A(J - DF 
BC = KF. 
It is required 
to prove that the i^s are equal in all resj^iects. 



Prtmf. Place tlie A ABC so that the j)oint 
B falls on the point K, and the side BC falls 
alo^ KF. Then, since BC -- KF, C must fall 
on F. 

Lei the A ABC fall on the sitlc of KF away 
from the point D, (xKF being the new iiositioii 
of ABC. doin DG. 

Tlien, since DE = GK, 

.iEGD= 1.EDG [Prop. 5]; 
and since DF ” OF, 

..FGU- ^FDG yPrap. 5]. 
wlioJe KUF— whole ^ EGF, ^ BAC. 

llciico, in Ah ABO, DFF 
AB - DK 
AC - DF 

inehidcd ^ BAir- included _ EDF. 

/, A ABC - A DEF in all rcsjwels \ Crnp. tj. 

Proposition 8. Problem 

To itiseel a- yieeu auyle. 

Let ABC be the 
angle to be bisected. 

(\instr\ietiou. With 
i;entre B, and any 
radius, describe an arc 
a 0 cutting AB, 
BO, at. 1) and F. W ith centres D and E, and 
any r.-ulius which is seen to be grealiu* than half 
t he aie DE, di*sei ibo t wo arcs cut t ing at F. Join 
BF. Then the i AB(.' is bisirted by BF. 

Proof. Join DF, EF. 

Ill th^ As DFB, EFB, 

DF ~ KF, since they are ladii of equal Qs. 

FB is common to both Ah. 

Bl) — BE, b(*ing radii of the .'*ame 0. 

the As »ire equal in all respi‘cts (Prop. 7) ; 
so lliat ..DBF-- .. EBF, 

i.e.y ^ ABC* is bisected. 



Proposition 9. Problem 


To laser I a tperu sfraitfht tine. 



Lct^ AB 1)0 the line to be 
))isei!teil. 

( \tust rurt hot . W’itli centre A 
and any radius vvhieh is seen to 
be greater than half the given 
6 liiii*, dt^seribe an are. VVith 
centre B and the sauu; radius 
descrilie an, arc cutting the first 
an; at the points O, D. .loin 
(T), cutting AB at O. Tlnui 
AB is bisect c< I at < ). 


Proof, .loin AO, AD, B(\ Bl). 
Ill the As ACD, B(T), 

At.' -- B( being radii of 
<*D is common 

AD 


1(4. ft 


I’Hdii of eipial /J 

BOD (Pi op. 7). 

Tlien, in tlie An AOO, H0< ) 


At' BO, 

t'G is coiiiiiuMi. 
AOOr. 

AO=- BO 


Vontimud 
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By Professor HENRY ROBINSON 


Earthen Dams. The most common 
form of dam is that composed of earth, with ^ 
central puddle wall, as shown in 19 and 20. 
This central puddle wall is supported on each 
side by banks of .specially selected material of 
as clayey a nature as possible, the full width of 
the l)ank Ixjing made up with whatever other 
material is obtainable. Tlic width of the hank 
at the top depends on the Inught, and also on 
the weight of the material of which the dam is 
constructed, but docs not, as a rule, exceed 
liS ft. or It) ft., unless a road is required along the 
top of the bank, in Avhich case the width must 
l)e regulated by the re<|uirements of the road. 

Puddle Walls. The'^ central puddle wall 
is the most important part of the work, as 
on its soundness the water-tightness of tJie * 
Tesorvoir depends. Kven a small leak may 
rapidly Income enlarged by the constant stream 
of watt‘r passing through it, and may eventually 
lx? so enlarged as to cause complete failure. 
The thickness of the puddle wall depends on 
the nature of the clay cmploye<l, the minimum 
thickness being about 5 ft. or 0 ft. at the 
top, and at tJie surface of tlic ground being 
about one-lifth of (he depth of water to he 
retained. The longitudinal section 120] shows 
the motliod of stepping, or benching, the founda- 
tion level of the puddle wall. .After the position 
of the dam has been decided, it is necessary to 
^ink trial holes along the line of the puddle wall, 
to ascertain tlio nature of tlie .strata. If it is 
rock, all tissures must l )0 carefully sto])])ed witli 
good concrete or masonry, and all springs should 
lx? led by pipes to the t(x? of tlie down stream 
bank, as if they art* not di^'erted from the hank 
they will break out at otlier i)laees and cause 
trouble. I'he depth to whieli the trench should 
lx; carried depends on the natur<;of th<- stratum, 
which must lx‘ soiind and impervious. 'Fhe 
trench is sometimes made with vertical sides, 
and sometimes with battered sides, as sliow'ii by 
dotted lines in 19, it being considered that any 
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settlement of the wall tends to consolidate the 
puddle more effectually than when the sides are 
vertical. The clay used for the puddle must be 
carefully prepared and well ground in a pug mill, 
being conveyed quickly and deposited in position 
iii layers, which should not excxwd 0 in. in thick- 


ness, eacli layt?r lx>ing wi'il rammed and trodden 
down, care being taken to clean thoronglily 
and rough up the surface of the puddle in the 
trench lx;fore a>ddirig the ru‘xt layer. It is 
necessary to cover the puddU* att<*r the day's 
w^k, and to waltT the suifrt(‘<* the next day, in 



very dry weather, in order to pi*(;verit eraeking. 

As the puddle wall is earri(*d up, the support- 
ing banks are brought up w ith it. Tlie banks 
should be ihade in layers of betwtxMf (1 in. and 
9 in. thick, being wVll rolled, ami. in very hot 
weather, watered. Steam-i’ollers e:vn he great 
assistance in consolidating tlie hank. The sloj)e 
of the bank of selected material varies, but^ is 
generally about 1 to 1. slope of tbe iniR'i* 

i) ank is as a rule from 2.J or ,‘l to J, and is pavf*d 
w’ith stone piteln'ng. or eonerete slabs, in order 
to resist the action of waves. 'Pile outer Hlo])e 
is generally about 2 to J, and is turfed or sown 
with grass. 

Height of Dam. The height of the top 
of the dam above the highest watcM’-level 
dcjxmds on the wavt*s. which seldom exceed 
4 ft. The height, of tlu' waves depeiuls ou 
the fetch,” or length of water surface (*x- 

j) osed to wind fiom any j>;nlieular direetiou. 
A formula known as Sl(‘ven! on's w'ave formula 
may lx* useful : 

H losl) (2.‘i-‘N'l)) 
where H - height of wave in h‘et : D fi‘teh 
in miles. 

Composite Dams. Dams eonstnieted 
partly of eaith and partly of concrete or 
masonry hav(‘ he(*n (‘inployed in tJiis country, 
but more frequently in America. Tlie liability 
of uneven settlement , and consequently of 
erac;king in the (‘ouerete, is the chief object ion 
to them. One form of com}>osite dam is thai 
where a concrete, or rubble, wall takes tlie pl.u «• 
of the central puddle tvall. 

Outlets. The outlet from a lar-. n ^ervoir 
has to be placed near the bottom. enable the 
water to be drawn off in tiim ^ i>f drought, or 
when it is necessary to ( an s ont repairs. As 
a rule tioveral outlets wnth x iJves are provitkd, 
so that the water may dr.iwn off at different 
levels and the quani iiy k gulated. The numbei' 
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of oxitletJ* depends on tiie depth of the reservoir. 
The outlets are operated in such a manner as 
always to draw the water from about 3 ft. 
tielow tho surface, thus obtaining it clear and 
free from floating debris. The lowest outlet is 
us(^d only in cases of drought or for repairs, as 
the water is sure to contain a certain amount 
of sediment. An arrangement of outlets is shoxvn 
in 18 W'l'iich is taken from the contract drawing 
cif works carried out by the w riter. There are 
thi'ee outlets, each being provided with a sluice 
valve contained in an iron valve tow^cr standing 
inside the reservoir at tho toe of the bank. 
The tow'cr is built on solid foundations, and is 
connected to a concrete and brick culvert wdiich 
(‘arrics the outlet main through the dam. Some- 
times these tow^ers are const.ructed of concrete 
or masonry, and if properly arranged (;annot 
by «ny possibility cause damage to tlie cm- 

, iL, 

O U t\ C t ' 

are operated from tlu* 

platform at t he top of t li<^ - O 

tower by spindles w ith hand* 

wheels. The outlet pipes pro* 

5(‘et fi'om the side of the tower 
into the reservoir, and are pro- 
vid(‘d with Hap valves w'hicli are 
held open by chains, being closed 
only xvhen it is necessary to repair the 
sluici* valves. The bottom outlet in 
this case passes through tl.e concrete 
foundation of the towx'r, and is provided ^ 
with a “ disc " cast on the baiTcl of tho pipe to \ 
form a barrier to water leaking along the 
outside of the pi pc. Discs of t his nature 
are used when pipes are passed through ' 
dams witliout culverts, as is the eas(» 
with shallow’ reservoim of about 20 ft. 21. 
and Iws. Tile outlet pijK>s of deeji 
resei’voirs should ho laid in culverts, as show’ii 
in 18, of such dimensions that a man can inspect 
the pipes periodically. The joints of pipes that 
are laid in culverts can be either spigot and 
socket, or flanged ; hut when laid through a 
bank for shallow reservoirs they must 
flanged and jointed, of extra thickness, and 
provided w ith fish webs, so that tlu^y form, 
when bolted up, a continuous girder. 

Syphon Outlets. Syphon outlets are 
employed to draw water from small reservoirs. 
Tho syphon-pipe, with air and charging valves 
on tho summit, is carried over the dam to 
a point low'er than the bottom of the reser- 
voir. Tlie depth to whieli this point must 
bo carried depends on tho friction to bo 
overcome m tho pipe to enable tho required 
quantity of water to be discharged. Fig. 21 
shows a form of outlet known as a flocUiiig 
outlet or floating arm, tiften used in storage 
reservoirs or water tanks. By arranging tho 
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floats, F, the water can be d^wn off at 
any required level belowr the surface, thus 
preventing floating debris entering the main. 
Tho arm, O, is supported by tho floats, F, and is 
pivoted at the point P. When the valve, N, * 
is opened, the water is drawn off at the point A, 
tho floats falling wdth the water. 

Service Reservoirs. Service reservoirs 
are required in or near a towm to maintain 
the service in ease the mains from tho source of 
supply, cither storage reservoir or pumping 
station, reveal any defect, and have to be re- 
paired, or w'hen a Hre has to be extinguished. 

I Tf the town is dependent on one main, 
the capacity of the service reservoir 
should be sufficient to ensure tw’o or three 
days’ supply at the rate of the maximum 
demand. Large cities shouid mwer be 
dependent on a single main. Service 
■ reservoirs arc generally covered to 
' prevent tlie possibility of |X)llutibn 
by dust in the air, especially if 
they bo placed in or near centres 
of population, by birds, leaves, etc. The 
temperature of the w’ati'r is kept uniform 
in a covered reservoir, and the grow’th of 
vegetation is prevented. About 14 ft. 
is the usual depth of water in them. 
They can be constructed of concrete or 
brickwork, render(*d with cement insid(», 
or )Hiddled w ith clay outr,ide, to make 
them xvatertight. Bituminous sheeting 

t in sometimes used av. a lining where the 
head of waiter is considerable or w hen the 
?eservoir has^ to hi* liuilt in very bad 
ground. 4’’he (‘overing may consist of 
light brick or (‘oncrete arches 
supported on piers. On the top of 
the arc‘hes a foot or two of earth 
^ is laid. Inlet, outlet , and w ashout 
valves arc placed in suitable po.si- 
t ions. The two first -named should 

bo as far a])art as possible, so as 

y . .. / to produce circulation. An over- 

ffoAV is provided, and also small 
21. FLOATTNO OFTLET vcntilatoi’S to effect movement aiid 
replacemoni of the air. Tho eo.st 
of an ordinary sit vice reservoir may bo taken 
at about £5 to £0 per thousand gallons. 

Stand-pipes. In place of a service reser- 
voir to afford tho supply to. cisterns at a liigh 
level tho water is often pumped through a 
stand-pipe, which consists of tw’O vortical 
pipes connected by a bend at the top, so that 
a continuous flow of water passes from the 
pumps through tho upcast pipe, over the top, 
and to the supply pipes on the other side 
through the downcast. The height of the stand- 
pipe i.s governed by the level of the buildings 
tho tops of w’hich have to be reached, 

Tho idea of giving to the cross section of 
masonry dams a shape of uniform stability and 
strength is of French origin. A tfam has two 
faces, namely the inner and the outer, the inner 
face being frequently called the hack of the dam. 

Calculating Profiles. Sir Guilford L. 
Molesworth has given formulse for the calonla- 
tion of a profiio [22] which were published in 



the Pl^oeeedinge of the Institution of 
EnginoerH.'’ • They are as follow : 

/ ()'05x» _/001bV 

^ V X + (^a^~)’ P 

Width of top of dam ~ 0*4 y, at JH 
Whore H ~ total height of dam in foot, 

\ ~ limit of pressure allowed on 
the masonry in tons per square 
foot, 

X =s depth below the surface of the 
water in feet , 

y “ offset in feet to the oubn* face 
of the dam from a verti(‘al 
line — 0*6x as a minimum, 

::: ~ offset to the inner fa(*e. 

He stateil that there was ahuost- au exiu't 
agreement between his formula and that of M. 
Bouvier when the limit of pressure allowed 
was assumed at 5J, 7 J, 0 and 11 tons respectively; 
and he gave the illustration in 23 to show how 
<rlosely the formula? were in agreement when treat- 
ing proliles with the above limits of pressure. 

The Molesworth formula simple, and enables 
tlie shape of the cross section to be calculated 
easily, after which it must Ins treaited grapJiieally 
to determine the position of lines of resistance. 

The conditions of stability for masonry dams 
are pr»\etically two — namely : 

1. That the resultant ef all forces at any 
horizontal section must fall within the “ middle 
third ” of that 8e<*tion. 
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2. The stre8s<?K in the faces of the dam must 
not exeoetl the safe limit. 

The first of th<*so conditions is intended to 
prevtmt any tension taking place in the masonry. 

It must be 
home in mind, 
however, that 
internal forces 
are set up in 
largo masonry 
s tr lie tures— 
such, for in- 
st ance, as the 
flifforenoe o f 
1 e m poraturc — 
that produce 
stressi^s which 
are in noway 
due to any 

22. .molksworth's formfli ^ ^ * 

forces which 

th«?dam has to resist. It must also be r('mombercd 
that in all theoretical daleulatiOns it is assumed 
that the dam is a pc?rfeotly elastic body, which 
is not t rue in pi’actico. Such being the (?ase, ample 
margin must be allowed to ensuri? safety, and the? 
stresses tJiat liaye been allowed on existing 
stnietures of a similar kind should be studied 
as tho application of afonmila must 1j« gov<?rned 
by the results of practical expericnec. 

Dam Foundations. Tho first considera- 
iion is, of cours(», the foundation upon which 
tho dam is to be l)uiii. It is not advisable 
to build high dams on earth 
foundat ions, on ai?count of th<? 
mass of maferial that would Iw 
necessary in order to distribuU^ 
over a sufficient surface fhe 
weight for t he earth to support. 
Tlie host foundations an* hard, 
sound rocks, as these jirevent 
iiiicqiial settlement, owing to 
lilt? varying w(‘ight of the wall. 
Tilt? material tif the dam must, 
to a great extent, hv. governed 
by the natun? of the foundation. 
.\f<er the head of wa1(‘r behind 
the dam exeet*ds 1 00 ft., it is 
gtmerally thought best to con- 
st met it- of masonry. It is 
n(?e(?ssary to avoid continuous 
eourscs in the masonry, and 
gi*(?at vigilance is n(?(?essary in 
orcltT that no empty spaces may 
he left lietween tlio bhx'ks. 

The resistance to crushing 
of the materials forming a dam 
is one of the clu(?f points to be 
considered. The stresses vliieh 
are set up by the cvhafial 
forces must not e\(ee(l tJie 
safe^ limit. As a g' la ial rule, 
this compressive .tress should 

not exceed 1 ')<> ih. pt?r sijuare 
inch, althfHigJi in cases jiioro 
haw been allowc'd. M. Bouvier 
has stated that, with rubble 
ma'<om.v and good hydraulio 



Moltisworth’s }>roflle sliown thus , 

IJouvier’s „ masonry 136 lb. per out k; foot . . 

Ib>. ,, ,, 160 ,, ,, ,. -• '• i* -i- -t ' ' 

BOuvier'rt pt^lle ia not ahowii where the divevjreiiee from MoU-sworlh’s proflle is 
jnapprepftthlo 
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mortar, the compreseive etrees may be 140 lb. 
per square inch at the completion of the works, 
and 2^ lb. later on. 

The sides of the dam must be built in, and tied 
to the impervious strata on the sides of the 
valley across which the dam is made. 

Pressure. A profile having been adopted, it 
becomes necessary to test it to see if there is sutfi- 
cient masonry to resist the external forces that 
will act on it, both when the reservoir is full and 



pressure acts normal to tfie surface of the wall, 
and therefore, in the case of a curved vi all, the pres- 
sure is not horizontal, but is inclined do^mwards. 
Professor Rankine, in his section for high dams, 
takes the horizontal pressure, and neglects th(‘ 
vertical component as being on the safe side. 

The action of tlie water tends to overturn 
the wall on its outer toe. Before this could 
happen, however, the toe would crush, but if the 
resultant is within the “ middle third,” the 
wall is quite secure from overturning. 

In order to test the profile, it is necessary to 
divide it up into segments, and to test each 
segment for stability. By this means the curves 
of pressure for reservoir full ” and “empty ” 
can be ^awn, and they must always be within 
the “ mijidlo third ” of the section. 

In a Mper published in the “ Proceedings of the 
Institu^n of Civil Engineers,” Vol. LXXXV., 
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25. HYDRAULIC GRADIENT 


IMr Coventiy gives a formula for calculating 
the section of a profile, and also a graphical 
method for testing the stability after the profile 
is dr nun. To determine the stresses in the two 
faces, the following formuhe were given by him : 

Taking any horizontal section a h for reservoir 
empty. 



The plus sign giv<‘S the stress at the edge nearest 
AV, and the minus sign gives the stress at the 
opposite edge. 

\V ^ weight of the dam above the layer a 7>, . 

I — the length of a ?>, 

R — the resultant of the water pressure and the 
weight of the dam. 

V — distance of VV from the centre of gravity of 
the section a 

distance of R from the centre of gravity 
of the section a 6, 

X — angle the resultant makes with a vertical 
line. 

For the full reservoir : 

if=r Rjt^os ^ 4- 

A useful method for finding those curves is 
that given by Mr. Coventiy, as follows [24] : 

'Hie jirofile must first ho divided up into any 
convenient number of segments as shown by 
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found as shown at gr, 7.,, etc. Next con- 
struct a force polygon hy setting off on a 
vertical line to scale, the distances oa>j, n\v 7 ., 
etc., equal to the weights of the corresponding 
sections 1-1, 2-2, etc. On a horizontal line 
set off to the same scralo distances O/i,, O//.,, etc., 
equal to the water thrusts due to the depths 
for the various sections. Througli the ])oints 
thus found, draw peiptuidiculars as />. and 
from the point where the water thrust first 
becomes normal to the hatter draw a line 
perpendicular to it, and cutting the ])(‘r]M‘ncIieular 
lines at i‘te. Take any point J* and draw 

the lines Pu\^ etc., ami also join /c/p wj.,. 
TJkv jjositioii of I lie water thrusls are shown 
in tlie figure at .s-,, etc., ami s, is Iwo-thirds of 
01, and .S.2 is two-thirds of 02, and so i>n. 'Plje 
magnitude and direction of the.s(‘ forces is equal 
to w’,/,, wj.,, <'1e. 

To lind th • curve of pressure for flu* <*mpty 
reservoir, fnuu the centres of 
gravity f/p f/.j, etc., draw tlie lines 
a,/;p a.jfco, etc. In th(‘ vertical 
line a, take any point />, and 
through it draw' parall 1 to 
1*0, ami ]uoduee it 
indelinit(‘ly. Tlicn 
draw hyh., parallel to 
Pw’pandW;, parallel to 
Ihc.j, and so on, the last 
lino being paraffel to 
the last radial line on 
the force polygon. Pro- 
duce the lines h]).^ 
etc., till tliey cut the 
lino ])roduced at 
c.„ etc., and through 
tlio points drop per- 
pendicular lines to tile 
correspond i rig widions 
of the profile. Thus tr., 
is (‘qua I to the weights 
of the first two sec- 
tions, c'lnd acts through 
Co. I'lio lines joining 
tfuise points will equal 
the curve of [iressure 
for restTvoir empty. To find the curve of pressure 
for reservoir full. ])i’oduce tin* points Tp etc., 
till they cut the lines rCp etc. llirough tlu'.w 
Xioiuts draw' the resultant forces jiarallel to ?r,/p 
and etc. Thus, R, is parallel to rc/p and cuts 
the base of the first section. The lines joining 
those points will give the curve of pn'ssure for 
reservoir full. From the above it will he simui 
whether these (survos of pressure fall witJiin the 
middle third of the sections, as they sJiould do. 
The stresses in the faces of the dam can now' he 
calculated by the formula previously given, as 
the positions of R and to are now fixed. 

Distribution. The sizes of the distributing 
mains must bo 1 cargo enough to supply the maxi- 
mum requirements of the eommnnity. The sizes 
of the small branch distributing mains should be 
2 in., or 3 in. in diameter. Hydrants for street 
watering, fire extinction, etc., should Ixi placed 
at suit-able points, and it is desirable to adopt 
a standard gauge for connecting to them. 


fn calculating the size of a X>ip<', the hydrau- 
lic gradient ” should he reckoned from the outlet 
of the reservoir .supplying the water to a point 
about 80 ft. above the higlu^st part of tlit‘ tow'n, 
to ensurei the delivery of wuttu* for tire extiiietion 
as w'<‘ll as for tu’dinary siqiply to the tops of 
houses that are, or that may he. built iJiere. 

All mains and service jupes should la* laid at 
a sufficient depth in the ground to ]>roteel tlieiu 
frcuii the effect of the severi'st eontiiuuuis frost. 
About 2 ft. 0 in. ()r 3 ft. from tie* surta< <' to the top 
of the])ipe is the* least dejilJi, and I he pipi’s slioukl 
he testt‘d hefoii' being eo\(‘reii. 'rh(‘ (lisn*gard 
of tJiis requirt‘m<‘nt as regards depth haS r»‘sulted 
in a few' notahli* failure's of tlu' wat<*]’ supply of 
a ilistriet. A very sliarp frost for a limited time 
would not alYei't the' wate'i* in the pipe's, hut a 
severe frost, lasting feir days, does the' mise*hi<‘f. 

Detection of Waste. W aste'- w ale'r lue'ie'rs 
an* ('mfilove'd to de'te*e‘t waste', anei gre*at savings 
have re'sulte'd. 'riu' me'ter consists 
e>f an instruiiu'iit }>laeed upon a 
system of wati'i [lipi's se'rving a 
partie'ular distrie't, .tud reeeirdiiig 
automat ie'ally anel gra}»hieally tlie' 
rate' e)f lleiw e)f the' water in 
the' pipe*. If at a time' e>f 
night ihe'ie sheuild he* prae- 
tie'ally m> tlow', a diagram 
re'corels the* late* of tUnv, 
wJi(*n‘hy it can Ik' aseer- 
t aim'd wJietlu'i* waste* is 
oeeiirring 

.\ iiiglil t'xamination 
of seiMcev pi^X'S liy aj)- 
plyitig a ste'l hoscojie to 
tli(‘m ('iiahle's any How 
e>f \\at<*r to hr elt*te*et(*d, 
wlien practically there' 
ought to he* none. 1'he 
waste* is ge'iit'rally 
raiise'd by de'trrtive^ 
linings, taps left run- 
ning all night, ete*. 

Service Pipes. 
The usual me'thod eif 
distributing wat 'i* is by 
cast-ire)n })ip(*s re)a,ted with Angus Smith’s 
bituminous pn'paration. l*ipe‘s men-e than 3 in. in 
diameter an* generally east in ff-ft. le ngths. Very 
large* [lipe's are sonietiiue's maele in l2-ft. le*ngths, 
but small ])ipe*s 2 in. or 2J in. in eliume'ter are 
ge'iii'rally maele b ft. long, bee'ause a gre*ater 
length involves risk of hre*akagt* in hand- 
ling and (liflie'iilty iti ke'eping the slender core 
truly central when casting. Tlie* lengtlis are 
always reckoned from ecnlre to r(*ntre of the 
joints when laid, hut tin* sockets c'Xti'nd 3 in. 
or 4 ill. h(*yon(l. 3 'hc usual form of joint is 
the spigot ami socket caulked with lead. Sonu* 
lu'inp or tarred gaskin is rammed into th'- soclo't 
round the spigot end of the adjoininu and 

molti'ii lead is poured in through a g p a elay 
mould, and wJn*n set it is rani/a* d home with 
caulking chisels. 

To remove excrescences whaii lorm on the 
inside of jiipos, sxiccial s( i ;i/)ing tools are em- 
jvloyi'd. These are cari’i<'<i on a pair of discs, 
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or loose i)i»tons, attached to flexible arms. The 
water is nin out of the pipes, and the scraping 
apparatus is put into a section of pipe, which is 
closed up, and water is let in at the back of the 
scraper, driving it forward the length of the 
flexible arm. When this section has been 
scr€ap<^d the tool is removed «.nd another section 
is attacked. Wash-out valves are placed at. 
low-lying points so that the 
scraped stuff may be flushed out. 

At summits of water mains 
an air valve is pl«.ced to pre- 
vent the formation of an air 
lock. This valve consists of 
a brass plug, having a small 
pin hole in it, with an eboniU^ 
ball in. in diame^tcr under- 
neath, held loosely in 
position by a cradle. 

When the pipe is full 
of water under pressure 
the ball floats up against 
the pin huh^ and the 
pressure of water makes 
it a tight valve. If air 
collects, the ball settles 
down on its cradle and 
lets the* air out, but 
rises again with th<‘ 
water. A second valve 
is sometimes us(‘d ; it 
has a larger hole to let 
out tln^ air rapidly when 
the pipti is being filled after having been emptied 
for washing out or re])air^’. .\s these valves 
Ure liable to get out of order, surnuiits should Is; 
avoided, especially in pumping mains. 

House Services. S<Tvioi‘ fripes to houses 
are generally of lead altaeht'd to a gun-metal 
ferrule screwed into the main. If tht? water is 
8oft, care must be tak(*n not to u.s(‘ the water 
for dietetic pur[)Oses until it has liad 
time to flow through and act on the 
lead, thereby jrroducing a perin.anenl 
oxidation of the surface and r<‘n rov- 
ing the danger. 

We have .so far* l•efel■re(i only 
to cast-iron main.s. ^lild steel 
i.s employed for large mains, and 
where the pipes have to be con- 
veyed long distances their 
greater lightness has an 
advantage. They re- 
quire to be carefully 
handled, and if properly 
coated and protected 
they have lasted as long 
lis east iron. 

Hydraulic Grad- 
ient« In calculating the 
sizes of water mains to deliver a required amount 
of water, consideration has to be given to the fric- 
tion that has to be overcome by the movement of 
the water through the ])i}K\ Fig. 25 explains this. 
h ropreSents the loss of head due to friction 
caused by the flow of water under pressure. Jf 
the water in the pipe were at rest, the horizontal 
line CD wopld be the level at which it would 
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stand. If there is a flow from A to B then the 
level at D will fall below that at C and the line 
CE is what is termed the hydraulic gradient. 
If the velocity is small, h is practically in pro- 
portion to the mean velocity v. At high 



velocities h varies in proportion from to i>-, 
according to the smoothness or roughness of 
the pipti The smoother the surface is the lower 
the index of v will be. The 
force which moves the water 
Iwiing and the amount moved 
dcqHmdiiig both on the size of 
the pipe, the ama of which is 
and on the length of the pipe 

follows that f is the cose- 

h 

(?ant of the angle of in- 
clination of llio “ hy- 
draulic gradient,” and 

^ is what is called the 

hydraulic radius , A being 
the sectional area of the 
inside of the pipe, and P 
the wetted perimeter or 
internal c i re u infer onco 
of the pipe. The follow- 
ing formula will (mable 
the disi^harge through 
pi^xis to be calculated : 
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Q 


ir^' 

pV.s 


' (• +“600 ) 
jubio feet per 



gradiimt ■ 


^ 


the dischargti 
second, 

J) - diameter of the pifK‘ in feet, 

P a eoeflicient of roiignness, 

T teinperatun* of the water in 
degrees Fahrenhi.ut, 

S the cosecant of the angle of 
inclination of the hydrauli<< 
length 
head 

The following foiTnulawill enable Uui 
velocity in iron pipes U> be calculated: 

K ) 

Wln^ro V -- mean velocity in 
feet per second, 

R — hydraulic radius 
in feet, 

S — the cosecant of 
the angle of in- 
clination of the 
hydraulic gradient 
length 
head * 

C = a coefficient repre- 
stntrng the rough- 
ness of the surface of the pipe. 

T— temperature of the w^ater in degrees 
Fahrenheit-. 

The nature of the surface has a lai^e influence 
upon h indeptmdent of its effect upon the 
index of v. The temperature also has an 
influence on the discharge. 

The values of “ ar,'* “ »,*’ and C ail depend on 
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the roughness of the pipe, and from expt‘riinentM 
have been found to Ix' as follows : 
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This subject has hwu dt'alt Avitli in great 
detail in the Mqit(‘r\s book on “ Hydraulic 
Power and Hydraulic Ma<*liinery.” 

Measurement of Water. M'he _ 
measurement of large (luantities of water 
eitht‘i’ taken from a river or su|>j)lied to a 
town are bt^st etfeeted by meter. '[’!ie 
Venturi meter is mueh used for tlii pur- 
pose. Fig. 26 shows a V(‘nturi 
mot(*r from a drawing fur- 
nished by the maker. The . 

operation of the meter is due 
to tlui fact that when Iluid in 
any pipe pass(\s from a slate 
of rest to one of mov(‘ment, 
or from one velocity of flow '**1 

to a greater V(^locity, a certain 
amount of f)ressure against t lie ^0. UKK \\ 

shell of the pipi^ disappears, 
and tlu‘ disappearance of ])r(‘ssure, or loss of 
head, is dependent entirely u]>on the velocities 
of flow past- the points in the pipe at which 
pressure is taken. From tlu* illustration it will 
be seen that the meter is in two parts — the 
tube and the recorder ; theri* are no luov.ibh* 
parts in contact with the Mowing licpiid. 'Phe 
tube forms part of the .ordinary pipe* 
lino, ditfering only for a short distaii<<‘ ^^^1^ 
where it is truncated oj* tln'ottled, tlu' 
amount of the throttle Ix'ing (lepemleut 
on the maximum and minimum require- 
ments of the ])laee where it, is to be cm- 
])loycd. The juessiire at tlu' ujistream 
end, and at the throat of tlee 
meter tube, are transmitted 
by the snuill U 

mercury in the cylimlrical 

tubes, one within the otluu*. 31. skctjox of t 
Tlie inner mercury column 
carries a Moat, JV, the position of whieli is an in- 
dication of the velocity of water flow ing thi’ough 
the tube. The position assuiru‘d by an idler wheel, 
H, carried by the Moat, relative to an intermit- 
tently revolving integrating drum, 1, determines 
the duration of contact of gears (J and F coniu ct- 
ing the dium and the counter, by which the How 
for successive intervals is registered. The large.st 
meter-tube that, has yet been made is 9 ft. in 
diameter with a maximum ca])acjty of 
200,000,000 gallons in 24 hours. 

There ai*e numerous meters for measuring 
small volumes of water, but we shall confine 
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ourselves to two. Tlu' Imperial Positive Water 
Meter is shown by 27, 28, ami 29. The lower por- 
tion, A,ef)ntains three eylinders, H, and the valve- 
seating, C. with its three ports and passages, 1), 
rommunieating with the bottom of the eylinders. 
37iert* is a discharge port and passage, F, and 
inlet and outlet connections F and (}, also a 
strainer, H ; I is the cover, with the rib K for 
holding down the strainer. An unequal s]»aeing 
of the bolt-holes priwi'iUs tin* cover from Ixang 
wrongly Mxeil tf> the lowiu- portion. L is the 
valve with its thi(‘(* jirnis, in the ends of which 
are cup-slui ped huslu's, M. for recei\ ing tlu* 
spherical ly-shaped heads of the piston-rods X, 
and to these are .seenri'd tlu* pistons, composed 
of uppt'F and lower piston plates, (), nuts, and 
p tiexihli* piston caps, P. Tlu* water enter- 
ing tlu* meter, ns shown by tlu* arrows, 
passt's up throiigli the straiiic]' into tlu* 
upper portion of the easing, and piesses 
(‘qualiy downwards on all the thre*' pis- 
tons, and alsii on the valvt*s. 

A(*(*oi‘ding to the position of 
the* valvi*, tlu^ lower end of 
(*a< h cylinder in sue(‘(*ssion is 
eommuiiieating with the outlet 
passage F. and its piston is 
therefore forced down by tlu* 

supc‘rior pressing* ahov'C, thus 

tlis(‘harging tlu* contents of tlu^ 
I'EK-METEH cylinder. At the .same time, 

one or both of the otlu‘r lylin- 
d<‘rs is having its piston rais»*(l. whereby water is 
adiuitti'd through tlu* passage's, and tlu* lower 
part is lill(‘d. 3'hus i‘a.ch lo\\e‘r e*nd of tlu^ three 
cylind(*rs li is in diu* (‘ourse tillenl and emptied, 
oru*ortwo pistons a-lways supplying tlu* active* 
fore*(‘, so tluit tiu'ic is lu) de'ad peunt. 

d’lu* k'ligth of the* stroke* is rcgeMatcel by the* 
llange'd pie>j<*cl ieui. {), em tlu* valves L 

r coming inte) rolling ceaitact with a simi- 
lar flange*, R, on tlu* val ve*-se‘ating, ( !. .A 
slight ske*w e>l tlu* pea ts e ause'S t lu* pistems 
1e) eiifleavour te> takei a leaige*!’ stre>ke* 
than they should, the* re)ller ])atlis re- 
stricting this te*nde*ncy. I’lu* te‘e‘t]i in 
tlu* valve anel tlu* notclu's in 
^ the \\'ilve*-se*a.t ing pn*v(‘nt tlu* 

va.lve frenu turning round eiti 
its own axis. Tlu^ va.lve‘-pin, S, 
oiigage's tlu* crank eif tlu* crank 
spindle*, wlticli commuuicat(‘s 
\ motion to the* cloekwork in 
SECTJUX e>F BEE WATEK-METEK the* iisiial manner. V is the' 

hiisli in the* cover, V the 
e*ouiilei-plHte supfiurting tlu* lay-shaft with its 
worms and wdieels. W is t he* dial-heix protecting 
the* cloekwork, and V is tlu* e*e#unte*r. 

Figs. rO iind 31 slmw' another good example* 
called the* Re‘e Wate r AIete*r. 'riiis dep(*ne|s nn 
a disc action piston, a chamber of ivuonii 
capacity h(*ing successively HlhM and eli - Iroged. 
The movennent of the passing watf f i- (ijrcclly 
and positively transmitted to m (►.scillating 
piston or dise*, which, for each motion, 

or oscillation, shows that flee c.vaed, (*ont.ents of 
the disc chamber, less tlu* hnik of tlue immcrst‘d 
portion of the piston eer di-r, have h(*en received. 
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diiKiharged, and counted, once. For cxampl?, let us 
take a disc chamber with a capacit}^ of 15 cubic in. 

The portion of the disc immersed is 3 cubic in. Every 
coraplote motion of the disc will show that 12 cub. in. 
of water, or 15 minus 3, has been passed through the 
chamber. If we divide 1,728 cubic in. (I cubic ft.) by 
12, we tind 144 as tlie number of di-^c motions required 
to displace a cubic foot of water, or 6*25 gallons. 

Water-pipe Joints. The process of jointing 
w'ater mains will next bo de.scribed, and is illustrated 
in 32 to 47. Figs. 32 and 33 are forms C)f expansion joints 
on large steel water mains. Fig. 34 is a welded spigot 
and socket, riveted on to a stool main, the joint being 
completed by yarn and load. Fig. 35 is a modification 
of the preceding joint. Figs. 36 and 37 are single and 
double riveted butt and .strap joints for steel mains. Figs. 

38 and 39 illustrate! mc^thods of attaching flanges to 
large steel mains, the joint being completed by a rubUn* ring between the flanges , and 40 and 41 
show the ordinary forms of single rive^b'd lap joint for st(‘el mains ; 42 and 43 are types of double 

collar joints. Fig. 44 is 
a spigot and socket 
pipe joint, commonly 
used on small mains. 
^'arn is caulked up 
to the face of the 
socket, and molten, 
lead is run into the 
jemaining 8pa(!e in 
the socket, and well 
caulked with chisels 
made for tin* purpose. 
Fig. 45 illustrates a 
1 urnefl and bored 
joint for east-iron 
pip<is. Wh(.‘ro the 
[)ressure in the main 
is small, the lead is 
sometimes omitted, 
and is not run in as 
shown by the illus- 
tration. Fig. 46 is a 
method of joining 
stamped stet*l fianges 
steel mains by 
riveted on to the bar- 
r<!l of the main, the 
joint being completc*d 
by a rubber ring ; 47 
is another form of 
riveted joint uswl on 
steel mains. 

A rivetless steel 
pipe is shown in 48. 
The barrel of the pipe 
is formed by two semi- 
circular steel sheets 
jointed by a special 
metal section* hydrau- 
lically compressed 
into the edges of the 
sheets, so as to form 
a rigid and watertight 
joint. 

Walter Supply 
concluded ; followed by 

METAI PIPE JOINTS SeWEBAOE 
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carpet manufacturer depends very ’.ittU' 
^ on the finisliinj^ d(‘partnieiU for the (piality 
of Ins goods. If tlve carpel he of good <iuality 
and design, and well woven, the tinish adds very 
littU? to its value. But it must In* admitletl that 
the earpt't could not pass directly from the loom 
to th(^ warehouse. Boop(‘d-j)ile and velvet-pile 
carpets are finished dilfercntly, the latter needing 
the inon' elahorate hnishing. 

Viewing. Uiven an oilici' exactly similar 
to the hurl(‘r in the cloth factory, the car])et. 
viewer has a rather diflicult task. He must 
]) 0 .ssess a good eye for colour, a Unowhalge of 
design, and a practical acquaintanet* with weav- 
ing. Loof)s or threads may slip, or threads 
hecorne misplaced without the weaver's know- 
ledge, and as the heavy 
fabric is unreeh'd lu'fore 
him, the viewer must 
spot any and every de- 
fect, for upon him at last 
rests the rei)Utation of 
the factory. He marks 
what detects tlua’e may 
he, and sends 1h<‘ carpet 
on to the dariK'rs. 

Darning. 'I’he work 
of the darn<‘r is to re- 
pair tlu*. defects of the 
car]»et in such a way 
that expert scrutiny will 
not det(’('t the mend. 

With such a bulky fabric 
to w’ork Uf)on, the task 
seems easy, at first sight ; 
hut, in reality, imitation 
(d the work of the loom with a needle and thrtsid 
requires considerable skill. As the darning is 
purely practical, however, we can do no more 
than note the theory on which it is based. 

Cropping. Axniinstcr, Patent Axiiiinster, 
Wilton, and Velvet-pile Tapestry carpets have 
this in common, tliat they are erop])ed, or shorn. 
Up till twenty years ago most carpet manu- 
facturers would have nothing to do with the 
cropping machine, and at the jiresenl day much 
of the cropping is done by hand ; hut the 
machine has been introduced, and steadily makes 
its w'ay. It is in the velvet-pile tapestry factory 
that the spiral roller cropping machine has 1^*^ 
most largely used. This machine [199] is little 
more than a. large model of the common cloth- 
cropping machine. The bed is set straight, so 
as to present a firm surface to the knife, and it 
crops the surface something in the same way as 
a lawn-mower crops the grass. Tht? rtisults 
certainly show w'cll, though the objection of 
conservative manufacturers that it lessens the 


wearing lih* of th<* oaiqx't may hav(‘ some 
truth ill it. 

Brushing and Calendering. Parpi'ts are 
heavy fabrics, and naturally gather a good deal 
of tlulT and stray tihres within llu‘m wliih^ being 
woven. Bmnoval of these matters from a Brussels, 
a Wilton, or an Axiiiinster is a .somewhat arduous 
task : hut it is done, and by the simple i*x- 
pedient of hiushiug ligoruusly. Brushing 
machines are variously eoiistrueted ; hut iu all 
W(‘ hav'(* th(? eomhiuatioii of tan and brush 
cylinder such an ojieration would obviously 
reeplire. By the fans tlie dust ami llutT are 
blown into an enclosed reeeptaele, Avhile the 
brushes do their work iqion the surfaixi of the 
carpet as it winds round and round. Ihohahly 
the carpets never exper- 
ienei* usage so rough as 
in this operation. Jt is 
amazing w hat amount of 
stulT wi‘ can take out of 
a singli' hmglh of carpet. 

When sullieiently 
(*leau(*cl, the carpets are 
passed ihiough the 
cahaider rollers. ^I'hese 
art' si'ts of broad rcillers 
liung in a frame, the 
ont' above the other. st> 
as to cxt'rcise a forcible 
yet rt'gular prcssm*e on 
the (‘ar})(‘ts passed 1 k‘- 
tween tht'in. 

Sewing and 
Binding. There is 
little of ttH'hnieal in- 
terest in this dt'partmeiit, the woik bt'ing done 
ehielly by stwving machint's. (^irjiets wovtm in 
strips aiv carefully joined, and earpt‘t stpiurcvS 
art' bound with ap})ropriat(‘ braidings. It 
was said of a vtTy elevei- but unsuccessful 
manager of a carpet factory that ht* lost in the 
ware-rooms what lu* inaile in the fa.elttry. 'riiis 
is a fact rather more common than is gem'rally 
suppo.sed. No detail of the imlustry is too small 
fur the attention of the wist* manag<*r. 

xAfter the carpets have been siwvri and bound, 
they are again inspi^eted. Any di^fects afiparent 
are noted and repaiied. Then the goods aie 
delivered ovit to the packers. 

Finishing Cotton Fabrics. Ihe numhci 
of different cotton fabrics which an »i/)i>hed 
in the factory is very large. Som • jilaiii 
calicoes are simply passed by tlu' short t.‘st 
route possible from the Iomcj the ware- 

house; cdoths that sell af bid. per yard 
would hardly pay for much Hnishing. Otliers, 
of the suim; quality, an* washed, starched, or 
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loaded, calendered, and folded. Fancy fabrics, 
such as zephyrs, spiders, cheeks, sj)ots, and 
check stripes, each com preli ending myriads of 
patterns, are mostly linislied in the V(ay siinpk\st 
style. Fustians, velveU^ens and moleskins, on 
the other hand, are clal)orately linislied both in 
the factory and elsewhere, l-pon the clotlis 
which are bleached, printed, or dyed, wc shall 
not at pr(‘sent touch. ' 

When the cloth, bo it plain or faiiey, comes 
olT the loom, it is pas.s(‘d into tlie hands of 
the viewer, or buiier. Over a roller, hung on 
brackets tixed either in the ceiling of the 
room or high up on a wall facing the light, the 
cloth is drawn down l)y the vi(‘wer, who snips 
off knots and flying threads, and marks faults 
for repair. 

Darning. This work may be very delicate 
or it may bo very simple. To meml a Ineak in 
fancy cloths woven in figure is a ditTereiit thing 
from putting a few threads of ])lain weft ainl 
warp in a eommon calico or t will. Jt is purely 
a matter of practice, however, and is learned in 
the factory. 

Starching, The eompo.sit ion us('d in starch- 
ing depends v(‘ry much on the purjiosc* intended 
and the fabric to which it is aj)plied. If 
loading be intemled, a mixture of china clay, 
cereal start.*h, wax, and some fatty or soapy 
matters may ho u.sed. (Uiro must be taken that 
the composition has within it. preservative 
elements, and is aljle to withstand changes of 
ttnnpei'ature and damp, or (*l.se mildew is certain 
to set in and ruin the cloth. Most export houses 
have special mixtures of their own, Tf only the 
st iffening of the cotton be aimed at, aiine wbcaten 
starch is the best for light goods, and sago, rice, 
or farina may be used for lu*avy cloths. 

Method. The starching vat is simply one of 
the many drtissing machim*s. From the cloth 
beam slung at the end pf the machine the cloth 
is guided down into the starch trough, under 
a cloth-clad roller revolving in the liquid, up 
between the clearing rollers, and over the wide, 
steam 'hcatfd drying cylinders. 

Starching Fancy Cloths. In di’essing 
faced cloths the starch can be applied only to 
the back. A simide device effects this very well. 
Above the roller in the starch vat another roller 
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is placed which receives from the roller 
below a coating of liquid. This starch- 
ing roller runs in the direction opposite 
to the course of the cloth through the, 
machine, and thus presses a coating of 
starch on the under side of the fabric. 
Between the clearing rollers and the 
drying cylinders a number of open reels 
are jj laced to harden the starch and keep 
the diyiiig cylinders clean. 

Damping. Dried cloths, whether 
starched or scoured, arc stiff, and do 
iKjt yield readily to the treatment of 
the calenders or presses. Most cloths 
arc; therefore subjected to damping. 
Two methods of damping are practised ; 
or, rather, we should say that two 
kind.s of machines are used. On both 
machines the cloths are run across 
a space from one beam to another ; but it 
in thci damping apparatus which operates in 
the intcTvcuiing spac’c tliat tlie ditferencH^s occur. 
The oldtu' damping maehim; is a small water 
tank, with a lid in which a long slit is cut. 
Within the; tank a long-haircai brush revolves, 
sending through the oiiening in the lid a cem- 
linuous spray of water on to the passing cloth. 
Tlu* other dam pea* 1 200 1 is a spray injc;c tor, from 
the; nozzle of which tlie watc*r is tiimly distri- 
buted. By a curious I urn in m<;chanieal dcjvelop- 
memt. the ncwei apparatus is hcang c'losely 
i‘ivallc‘d by an imj)rovc*d model of the older 
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machine. By a ball tap feed tlie 
water in the brush-trough is regu- 
lated, and the volume of spray is 
■governed by screws on tlie lid, 
which enlarge or narrow the opening 
as required. 

Calendering. No textile fac- 
tory can afford to do without a 
calendering maehi ne. Many fact ories 
employ a large nuinlxM* of various 
sizes. The chief object of cah'nder- 
ing is to produce a smooth and 
lustrous surface on the <*loth. A 
calender [2011 consists of a series of 
rollers and cylinders, placed alter- 
nately one abov(‘ the other in a 
strong frame. Calenders may hav(‘ 
thr(‘(‘, four, live, or six “ bowls,'’ as 
the rollers and cylinders are named. 

'Phe cylinders are generally iron, and 
alw'ays hollow ; the l•oIlet^s are solid, 

(composed of papier inaehe press('d 
to a V('ry dense consistency. 'Plie 
six-bowl calender is representative 
of the whole class of such 
machines. Band screws cm the heads of the 
standards bring (lu? recpiired degree of pressure 
on the bowls, lieside the* sci'ows are two 
levers whieli put the drive on to all the 
rollers. A g(‘aring is set midway up the 
machine by ^^hich only the thr(*e bottom bowls 
may be driven. When a stn'tching action is 
desired the top rollers are givcm a higluu' speed 
than the lowta* S(‘ction. The heating cjf the 
hollow eyliiidei’s is accomplished cithei by steam 
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or by the introduction of nal-hot irons 'Hie 
cloth is wound on tr» the roller at the foot of 
the calender, or tlu* web already wound is slung 
in the same place, and then })asscs on to the first 
cylimler, tlumce round the rollcu’ and up through 
the whole machine, to b(‘ deliviu’ed at the other 
side. Jt is all very simple ; but the eHVets on 
the cloth are very womhuful. 

Folding. Mechanical folders havt‘ (h^veloped 
very slowly, thi‘ invtmtors sciuning to (ur on 
th(^ side* of (‘lahoratioji. Ihit w(‘ hav"(< novv 
some good and (‘Xpeditions foldtus. One of the 
best is compost'd of a (‘urvtal, movable tabh*, 
over which a folding arm works to and fro |2021. 
The cloth is givtai out from the* hcam, and the 
folder carrit's it along to IIm‘ cntl of the* table, 
wlu'ie it is cli])ped, or held ; as the arm ctmics 
l)ack it makts another told. 'I"bis maebint' is 
also a cloth nu'asui’t'i*, the mimbt'r of yaixls being 
iiulicatcd t»n the dial attaebetl to Hit' folder. 

Ttand foldtas, or lappers, are. still needed in 
many faetori(*s, and they are veryt'xpt'rt \vorkers. 
'Phe lapper's tool is a long rod namtul the bntach 
.slide. With this he both mt'asurt's out and 
smooths down the cloth, fold by fold. 

Finishing Fustians. Tin* class of cloths 
named lu.sti(tn.s inehidi's vtdveteens, eordnroys, 
eantoons, and moleskins. These are tinished 
by tliemselvt's in special ways by experts 
trained- to nothing (‘ls»*. Most important are 
the velveteens, and to them we shall give special 
attention. 

Velveteens. Wlu'ii weaving velv(*teen wc: 
send the weft threails tloating over sevni 
threads of warp. Ihuler a magnifying gl.i.^s 
these tloating threads are seen to h;i\«* taken 
the form of loops, lying in reguhir r<*vvs down 
the whole length of the w'cb. ft i"! ob'ious that 
if those little loop.s can be lailvi-d and the 
severed (uids made to stand u/> ; n'ght, a shfillow 

velvet ]>ile will be made. 'Pl"s is pn*cisely the 
aim of the velveteen eutt« r. When tin' cloth 
has been taken from the loom, it is stiffened with 
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a kind of gluey paBic or drcsBing. In that 
condition it is taken to the cutting-room. 

Cutting Frames. After teing dresBed. the 
cloth is wound on a roller fitted with a ratchet 
Aiioel. lliis roller is slung on one end of a 
frame at the other end of which is a similar 
roller. The frames vary in length from 2 ft. 
to 10 ft., the short ones being oj>ccated by 
women and the longer 

ones by men. The cloth . r 

is drawn across the 
frame and fixed on the 

end roller; then it is ^ t — ^ 

tightened and the rollers C " - - 

fixed by the ratchets. 

In this condition it is 20k knife fok < 

ready for the culler. 

Cutting Knife. The cliief tool of tin* cutt<‘r 
IS a knife of peculiar form [204]. It is a blade, 6, 

2 ft. long, I in. square, tapering to a thin point, 
and set in a strong wooden liandle, d, thick enough 
to fill the palm when gripfK'd firmly. Over th<i 
}>oint of the blade is fitted an iron cover sliaped 
like a ploughshare, called tlie (juule^ a. wliich at 
once kee))S the i)oint, r, from 

dipping into the bcwly of the . ^ . 

cloth and lifts up tlie threads ■ inltlw • iiwiN'ni «Tri 
[205] to b(‘ cut. 205. velveteen c( 

Hand Cutting, llcforc 
beginning to out, the cutter lightly brushes the 
length of the '‘race" with a puce of card, to 
loosen the stiffening. Cri]>ping the knih^ in the 
riglit liand, Hk(‘ a feiieing foil, a nd I 'a lancing her 
body on th(^ right foot, th<^ (Milt<T, having gently 
insinuated the guide under tlu* first f(^w tlireads, 
drives tJic knife smartly forwar<l in a straight 
and level line along 
the surface of the 
<‘loth. Tliis is the 
action for the short - 
frame and plain 
velveteen. Longer 
frames and varied 
p^ltterns like eords 
and figurt^s, involve 
movements so com- 
plex and varietl as 
to evade dcserip- 
t ion. 1 n a fi ne piece 
of velveteen 27 in. 
wide then^ are 
about 5(X) races; the 
cutter must there- 
fore perform the 
a t i o n descri bed 
500 times to cut a . 
length of two yards. 

It is sloAv and 
arduous work. 

Machine Cut- 206. sinoeino machtne ( 
ting« Fustian cut- 
ting by hand is costly, and a machine which could 
do the work as well, and more quickly, would be 
a great boon to the trade. The fact that hand 
rnittiug is largely practised is proof that no satis- 
factory machine has yet been invented. There are 
many machine* however. As early as 1834, two 
Salford men, William Wells and George Schole- 
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field, took out a j>atent for a cutting machine which 
won approval from many competent judges ; but 
something was wanting, and the machine failed to 
superdode the hand workers. The problems are. 
very delicate and difficult. After the knife has 
becii made a tool of a machine, and the cloth is 
smoothly fixed, difficulties sti 11 remain. 1'he knife 
and the cloth vibrate under the cutting, and the 
sensitive nerves of the 
^ U living cutter respond to 

^ ^ the motions. When 
the knife slips into the 
“ N cloth, the cutter feels it 

* J at once and stops. 
^ Here is a double prob- 
KNiFE FoK <‘VTTiNo VELVETEEN Icm for the invcntor. In 

some degree, a solution 
has been :i(u^omplished by the inventor of the 
machine now usi^d by many velveteen manu- 
facturers. On a frame 14 yards long, with rollers 
geared so as to remain fixed at any given point, 
and movable either forward or backward, t-hc^ 
<‘loth is placed. Midway between the two rollers 
we find the cutting ap])aratuH. The knife has on 
its guide, but instead of the 
blade and handle the 
^jdirr 1 c blade is fixed in a steel 

e(’T AM» 1 Nci’T plate across the bed of the 
machine, which responds to 
th(* vibrations of knife and cloth. The second 
half of the Y)rol)len\ is not so simply solved, 
though sonic success has been attained. By a 
pmaunatic piston and a flexible hinge, the knife 
is nmdered sensitive to the lightest obstruction. 
A knot or a puncture 'at once throws it out of 
action. In addition, tin* knife is wati'hed and 

set to work by the 
att<‘ndaiit, who is 
seat(‘d at the point 
of cutting. The 
knife cuts at the 
late of 2,000 ft. 
a. minute, and at 
tlu; end of the race 
the cloth is wound 
back to the starting 
point, until the 
whole breadth lias 
lHH>n cut. 

Fnders and 
Menders. Small 
punctures and 
5 other faults must 

be expected to 
occur, both in the 
\ hand cutting and 

on the machine. 
When the cutters 
are done with it, . 

allRT vV Platt, l.td., Manchester) * the^ cloth is handed 

over to the darners, 
who are named enders or mmders in the teade. 
They carefully inspect the web, and fill up the 
faults with dams imitative of thereat of the fabric. 
Outside Operations. After being darned, 

the velveteens and corduroys go out of the 
textile factory into the hands of the bleac^iers, 
dressers, dyers, and oalenderors. Our duty at 
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this stage, therefore, is simply to inquire into 
what work we expect from those operators. 
First, the cloth must be freed from all the sizing 
and stiffening which have served us in the weav- 
ing-shed and the cutting-room. The cloths arc 
soaked, washed, and dried. Secondly, the pile 
is brushed up on brushing machines. Thirdly, 
the piJo^ is cropped level on cutting machines 
with spiral knives. Fourthly, the surface flulf is 
reraov«3d by singeing, either on the hot copper 
roller or through the gas ilame 1208). Fifthly, 
the cloth is bleachecl by the common bleaching 
proc<5Rs. Sixthly, the dyer puts on the colour. 
Seventhly, the pile is waxed by being passed 
through btdween rollers of solid beeswax. 
Eighthly, the brushing machine' again comes int^» 
use, to raise the pile. Ninthly, the pile is gently 
“ pegged " on a ma- 
chine that. strok(‘s tlui 
cloth with a striji of 
hard wood. A tiuish- 
ing '« «iven 

the cloth by hand on 
tables of stone. The 
lapjK'rs or folders last 
make up the cloth for 
the w’arehousc. 

Fin ishing 
Linens. ^I<».st of 
our linen falirics pass 
through the. bleaching 
])roceSK, which is fully 
(‘X plained in the Dye- 
ing section of this 
course. In several 
other H'spects, the 
tinishing o})erations 
on linen rc'seinble 
closely those of the 
cotton factory, 'fhe 
tinishing de])aitinent 
of the linen factory, 
howev(*r. has som«‘ 
special I’eaturcs. 

Beetling. Who- 
ever discovered tiu' 
stM'i’ct revealed in 
iK’ctling made a surprising hit. To change tlu* 
appearance and ehaiactt'r of a cloth by merely 
beating it with a club, is a wonderfully eeonomit’ul 
performance. Very probably the inventor w'as a 
woman. In olden tjm«, the housewife, when the 
family linen had bt*en w asheil, took a tlat eluh, 
namm a beetU', and la^at the folded lim'ii Hal and 
smooth, stretching out wrinkles and bringing the 
fibres up closer to each other. 

Beetling Machines. The machine- maker 
has undertaken no great transformation of the, 
domestie bcetk^s ; he has simply made them 
automatic and pow'cr -driven. The wooden 
pillanj are set up on end, with projections fixed 
on tiie back of <jach. A roller behind turn.s on 
these projections, and lifts them up in rapid 
succession, letting the ends of the wooden blocks 
fall by their own weight. The cloth is wound on a 
wide roller placed Mow the beetle.s, and as it 
turns, tlie heavy blocks beat upon the fabric, at 
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the rate of 100 blow^s a minute. Different 
effects may be simply brought off on the hc'ctling 
machine. Imitation of watered silk 's nrodueed 
by the disposition of the cloth in layers, .so that 
the threiuis are variously pivsscd. Fine inoirt'cns 
arc made in this way. Damasks, fine liollancls, 
tabhiclotlis, and table Jinen.s, a?’e smoothly 
tintshed in the beetling machine, tin* threads 
being flattened and closed up, while a fine lustre 
is creat(‘d. 

Other beetling machines have Insm brought 
into use, mostly flesigiu'd to expedite operations. 
A rapid machine is t hat of Mather & Platt [207 j, 
the blocks of which are suspended on leather 
straps attaclu'd to semicircular springs, whic^h 
are worktal by a crank from the head of the 
machine. It delivers about 4r>0 blows a minute. 

Mangling. This 
is another of tho.se 
finishing oj)erations 
which, though ac- 
ei'pli'd in many 
branelu's of the text il(‘ 
industry, }>roperly be- 
long to the linen 
ti*adt‘. Th(? object of 
m angling is tlK* 
St retelling. smooth- 
ing, and fiistring of 
the cloth. Mangling 
was lii>t mechani- 
cally pei formetl by a 
small waggon heavily 
leadial with HtoTie.s 
running on rollers 
over a smootli table. 
This very clumsy ap- 
pliance has long been 
disc arded. Prt^ssurc! is 
ol)tained by powerful 
screws, and the to- 
aiid-fro motion is iw- 
fomplishccl by rcMup- 
roea t ing rollers. With 
flu* e.xca'ption of the 
we ight and the recip- 
rocating motion, the 
mangle 1 203] is little more than a form of calender- 
ing machine. Mangling is variously applied. 
Sometimes the elotli is taken direct from the 
beetling machines to the niaiigle, and in other 
ea.ses cold ealendc-ring prireedes the mangling. 
1’h(*se are matbus of fewtory practice. 

(.'aUmdering, vicwving, darning, and folding 
operations in the lini.'^hing of liiums differ very 
lililci from thosc^ we have* already sc'cii in the 
other textilii faeloi’ies. 

Jute. The factory tinishing of jute itsedf 
is ehii'lly calendering. 'Fhe calendering maerhines 
are large*, and hiuivy, but of the same structure a-, 
the common ealendcrs used for light(.‘r lahrics. 
Jute, however, is the basis of many floorcloth.s, 
oilcloths, and linoleums. The m onihu i ure of 
the.se fabrics must be studied ,s( p.nct dy, and in 
the courses of our examination of iIk* processes of 
manufacture we .shall deal wiiii dn; wholes subje^et 
of jute yarn and cloth fini-liing. 
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PAWNBROKERS 

Of all careers o|H'ri to a man on fortune bent 
there is perhaps none less inviiin<< than that 
pursued by the pawnbroker. For ages he has 
been covered with oblo(|uy, regarded as a pariah 
by society, and made a seax)egoat of by those 
whose business it is to restore i)roperty to unfor- 
tunate persons whom thieves have despoiled. 

Pawnbroking appears to have started as a 
separate trade about tlu^ reign of James II. 
(I (185-1 088), and from its very beginning its 
followers have been subjetded to the most 
virulent attacks. Sermons have been preached, 
speeches delivered from platforms, and articles 
]mblishcd in magazines and new8]>a)>ers. all 
having for their text the iniquity of pawnbroking 
and the imperfections of all connected therewith. 
'J^'liis prejudi(?o has grown stronger with age. 
more inveterate from repotitioji of the attacks, 
and has been known to culminate in tirades 
which, it is not too much ’to say, exceed the 
bounds of common di'een<?y. The whole trade of 
fiwnbroking has been stigmatised as dis- 
onourable, and the f>awnbrok(‘rs themselves ns 
little bettor than criminals. 

Present Day Pawnbroking. Whatever 
may have been tlio truth in the past — and with 
that w^e have lu^ro nothing to do — jiawrihrok- 
ing is now carried on \u the light of day. Its 
operations fire controlUid by statute, while its 
followers are invariably men esteemed by their 
customers and neiglibouns. A^o otluT trad<*sman, 
except, perhaps, the licensed victunller, is sur- 
rounded by law as the })a\vn broker, ^’lle Act of 
Parliament regulating the trade actually bristles 
with j)cnalties for the infringeuuuit of any of its 
sections, almost any one of which may he put 
in motion upon ap])licati()n to a magistrate. Jt 
speaks well, therefore, for the members of tlu^ 
trade that so few charges of any importance have 
been brought home to them. It is claimed for 
them, and so far has remained undisputed, that 
more of almost any profession and business 
have l^cTi convicted of serious crimes than 
there have been pawnbrok<*rs. Still the bad 
name has stuck to them as to the proverbial 
dog. 

A Dying Trade. It has been stated 
upon no less authority tlian that of Mr. John 
Burns that pawnbroking is one of four dying 
trades. From what source the President of the 
Local Government Board derived informa- 
tion has not been made known, but a long 
and intimate acquaintance with the trade loads 
one to believe that ho has a strong founda- 
tion for the assertion. The number of pawn- 
brokers is less in proportion to population than 
any other trade, and, what is more, the pro- 
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jjortion shows less and less with each recurring 
Inland Kc venue Re])ort. During the last five 
years the increase in the number of pawnbrokers 
in England and Wales was only .33 — namely, 
from 4,280 to 4,313, an average of less than 
seven per annum, wliile the j>opulation of 
England and W'ales increases at the rate of 
35(),()()0 a y<‘ar. In Stntland th(» niimbctr of 
pawnbrokers^ licences issued in the same 
period has gone u]) from 425 to 453. In 
Ireland there has been an actual decrease. 
Ten years ago 382 licences wia'c granted ; 
to-<lay Ihere are only 317. The reason 
given by pawnbrokers themselves for this 
restricteil growth of the trade is that existing 
businesses liave not been .suftieierYtly nununera- 
tive to encouragis frt'sh enlerprist»s. They are 
constantly e()m])lainii»g that there are too many 
in Iht^ trad«‘, and that it suffers greatly from the 
eonse(iuent comf)etition, although, as before 
staled, the numl)(*r is less in proportion than any 
other trade in London. In many provincial 
towns then^ is no pawnhiokc^r’s shop to bo 
found. It is only in large industrial and 
manufaidnring centres that the pawnbroker can 
mak(‘ a living. 

Profits Permitted, f* awn broking in Great 
Britain is (*on(Juct(‘(l under the Pawnbrokers’ 
Act, 1872 (35 and 3<) e. ff3). The protit fixed 
by that Act is at the rate of oiui halfpenny per 
tiorin per month u]) to the sum of .£2. or 25 per 
cent, per annum : above that amount, oni‘ half- 
penny pev hall-erovMi, n’dueing the rate to 20 
per cent. For sums abo\e £2 the Act permits 
of special contracts being entered into, where 
the rat(*s are mutually agreed upon as well us 
the term of tlie loan, providing it is not less than 
three months. Every ticket issued by the 
pawnbroker contains on the back an abstract 
of the Act setting forth in a clear and precise 
manner the protit ho is entitled to charge, together 
with oth(*r essential information. Any excess 
upon these charges brings him directly under 
the penal clauses of the Act. The trade in 
Ireland is carried on under special Acts of much 
older date. 

Within a radius of ten miles from the Royal 
Exchange, London, there are 692 pawnbrokers’ 
shops, the average number of pledges taken in 
per month at each shop being estimated at 
5,0(X), making an aggregate of 3,460,900, or 
41,520,000 pledges per year — about seven to 
each head of the population. The average value 
of each pledge is 4s., therefore the amount 
annually advanced to the poor of London is 
£8,304,000. In these figures pledges of more 
than £10 are not taken into account, as they 
do not come within the provisions of the 
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Pawnbrokers* Act. Yet a very large propor- 
tion of the Ix)ndon pawnbrokers, as well as many 
in the provinces, do a large business in that way. 
* Present Conditions. With such a turn- 
over it would be thought that the trade of pawn- 
broking would be prosperous and flourishing ; 
yet such is far from being tlu' (‘ase. Hie good 
days of pawnbroking are over ; eoinpctition is 
too keen, and too much is therefore lent upon 
the goods. It is a well understood maxim in 
the trade that the man who makers the biggest 
»idvances does the most business, and thougli in 
this way, by doing “ large numbers,’’ as it is 
called, ticket money — for -a loan of 10s. or 
under, one halfixmny, and above that sum 
on(3 penny — amounts to a eonsiderable item, the 
loss on the realisation of forfeited pledges may 
easily lead to disaster. It should be r<‘memherpd 
that all pledges above 10s. must be sold by 
auction; goods pledged for JOs. and under 
become the absolute pro])erty of the pawnbroker 
unless they are redeemed within a year and seven 
days. 

Forfeited Pledges. Many pawnbrokers 
dispose of their “ lows ” in hulk — fre(piently at 
a discount off the amounts lent — while otlu^rs 
utilis(3 them in their own sale department. Tlu* 
latter process is generally the more remunera- 
tive, especially if the articles have hecui care- 
fully “ taken in.” 'riiesc statements may not 
he in acoordanee with the popular idea l•(‘gard- 
ing a paAvnhroker’s profits, hut tln^y are 
strictly accurate, and may he veiill<‘d by refer- 
ence to the advertisement columns of their 
trade journal. Few p<‘ople realise the diflieulty of 
selling second-hand goods. Jthas Iwen said that 
one of the finest tests of a salesman's ea])abjlities 
is to get him to try to sell a seciond-hand coat 
A brief experience will leach the novice* tlmt it is 
by no means an easy matter in these* days wh(*n 
the market is flooded with cheaj) and .shcKldy 
material, with cut, colour, and fashion constantly 
changing. The diflieulty is (juadni])Ied in 
regard to women's clothing. 

Possibilities of PawnbroKing. In spite 
of its unpopularity and somewhat unsavourj'^ 
nature, a good living may yt*l be made out of 
paw'ubroking. It is anything hut a ” get rich 
quick ” occupation, for it is a fact, though little 
understood by the public, that the pawnbrok(*r 
works for less jwolit than any oilier class of 
tradesman. PTis “profit” — t lie word made use 
of in the Act of Parliament regulating the tracks 
— on every two shillings he turns ovei is hut a 
halfpenny, far less than is made by the butcher, 
the baiter, the grocer, drajier, or any other shop- 
keeper with whom we have daily (loalings. As 
one of their number puts it, the pawnbroker 
does not get 25 per cent on his turnover, as is 
popularly imagined, but his profit or interest 
IS calculated at the rate of 25 per cent, per annum, 
which is a very different thing. Most ndail 
traders price their goods so as to secure 25 p<*r 
cent, profit upon their turnovt^r, so that it fol- 
lows that if a tradesman has a turnover of £50 
per week ho makes a gross profit of £12 10s. 
If a pawnbroker has a turnover of £50 per week 
he would not get more than a gross profit of 


£2 lOs. to £3, and that would inehide his charge 
for tickets as well as interest. 

Qualifications of the PawnbroKer. 

To 8ucc*oed in the business a man roquire.s 
knowledge, ceaseless ])erse.verance, and capital. 
In the metropolis few paAvnbrokers employ in 
their business Je.ss than £2,(X)0, nuuiy as much a.s 
£10,000, some £20,000, and others considi^rahly 
mort* than £30,000. In the provinces there an' 
businesses carried on upon a capital of £500, hut 
under such eircumsta.nces it must he a hard 
struggle, to find the wherewithal to meet the 
demands for wag(*s, rent, rates, taxes, fuel, light, 
licences, insurance, anti tht^ numerous small 
ex]K*ii.ses incidental to all retail businesses, 
to say notliing of hmischold and personal out- 
goings. 'riic cost of a pawnl)rok(M'’s licenet* is 
£7 lOs., and expires on the .‘list »>f July. Those 
who make advances on gold or silver articles 
are also iequin‘d to tak<^ out the higher licence, 
to deal in plate— namely, £5 I5s. 

As may n*adily he et)ru<*ivt*d, the ditUculties 
besetting the husim.ss of lending upon ]>ortahle 
securities are enormous. The id(‘al }»awiihrokcr 
sJiould know the vahic — that is, the selling priet^ 
of every artieh^ under tlu^ sun, anything that 
has any market value whatt^vei*. Needless to 
say, if such a person (‘xists. Ik* is v(‘ry difficult 
to fiml, and he would )>rol>ahly make a better 
living in anotln*!* track*. Tin* pawnhioker dc'als 
in everything, and has to (*x(‘rcist his judgment 
as to the cliar;i,ctcr of tlu* thing «)ll‘erccl as wc*ll 
as of tin* orferc*!*. As a rule*, lu* goes upon the 
ji.ssnmption that it will Is* ri'deemed, and tlu'.rc*- 
fore lends as mneh as lu* can upon the article 
with a due n'gnrd tc» tlu* price it uill fc*tch 
under tiu* hamm(*r, or, in tlu* case of “ low ’ 
plc*d.g(*s, in Iiis s;i|i* shop, .\tlcntion to markc*! 
value* that is, the* price* at which any article'! 
will re'aeiily find a purchase*!* — is the essential 
for the man behind the ])a\\nhrok<‘r's counter. 
Kx})<‘ri<*m*e* alone* will e*n;i.hlt* him to attain this 
<k*.sif*;»,hj»‘ quu.lilie*ation. A man (‘an se'arce^ly 
he at the same* time an e*xj)e'rl upon prce*ions 
ste)iu*s, a judge* e)f silks and satins, and fix the! 
value e>f an e)ve*reoat and a pair e)f hneJs. Ve^t 
this is the! [>awnhrokci's daily task. 

Stolen Property. Apart from the*se eliffi- 
cultie*s there* are, ,e)the*rs with which the* pawn- 
l)re)ke*r has te> e*e)nte*nel. lie! has to avoid taking 
in plt*dgc f)rof)e*i ty not lawfully fu*epjiie*fl. or to 
whie*h tlu* pawner cannot con ter a ge»od title*. 
He must alse) pcrfwtually he* on his guarel lest lu! 
fall a victim to the! wil(*s e)f tlu! “duffer." The 
first is ne)l an e'asy matter, feu* the pavvnhrokeu’ 
has ne) more means of distinguishing the thief 
than has the owne*r of the stolen property or the 
policeman wlu) is seare hiiig for it. When trae*e‘d 
to his kee“ping, whie>li, generally happf*ns threuujh 
the j)avvn-tie*kel issued by the? ])awnhrokci'. ilu* 
kitt(*r has, in nu»st instance,*^, to n -tt*;c tho 
article? without compensation. Now .i.id the*n, 
by grace! of the magistrate, he ic( ( i\*» a third 
or a lialf e>f his advance. 

“Duffing** the PawnbioKer. “Duff- 
ing,'’ or “ mosking,” is m, e .ucft oursueHl thremgh- 
out the country uiih coiisielewal)?!! suee?e!ss. 
Jt consists of j)urclHb.^iiig‘ or manufacturing 
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goods, and pledging them at a profit. Nuinbei*s 
are engaged in it, making their way from shop 
to shop, and from town to town, until they have 
succeeded in persuading some unwary pawn- 
broker to advance them the sum they are pre- 
pared to accei)t. Tills may be considered a 
legitimate business, but there are other practices 
which are not so guileless. 

There is no royal road to pawnbroking. Tt 
cannot be learned or conducted by rule of thumb, 
but demands from its followers sluw har<l 
work and close application ; neither can it b<‘ 
imparti^d through the jmges of a book. 'rh(‘ 
pawnbroker must keep his nose to the grindstone 
all day long, and the man who succeeds in mak- 
ing a competence at the business would probably 
do so far more (piickly in any other industry. 
The remuneration is slow, but it is certain. 
Pawnbrokers nowadays, outside Scotland and 
Ireland, at huist, carry on a sale ti*ado comprising 
jewellery, clothing, furniture, etc., and the two 
businesses materially assist one another. Tt has 
been advaniied as a n^ason for jwiwn brokers 
getting on so well in the world that they conduct 
live or six businesses nnd(T one roof. 

Assistants. It is impossbie to state the 
average wagt's paid to assistants. Everything 
depends upon the nature of the business. As 
in other trades, the West End houses require far 
more experience and ability in their employees 
than do tho.se in the East and Southern districts. 
Experience gainc<l in the East End of London is 
of very little \iso in the West , and ex])erienec 
gained in the West is of no use in the East. 
Of laU^ years the once general custom of appreii- 
ticcsliip has died out. Boys arc recpiired for 
the wareliouse where th(^ pledges are stacked, 
also to w'rite tickets and to book up the day’.s 
transactions. After some jn'obation, a smart 
lad may be employed at the pl(‘dge counter, 
where his real exy)erience begins. Tlie sale shop 
is generally distinct from the pawn broking. 
“ Living in *’ is the rule, and wdien speaking 
of wages has to be taken into aeeount. An 
average London })awnbrokcr’s cstfXblishment 
would comprise a manager or foremao, second 
and third hands, one or two w’arcliou.se boys, 
and possibly a porter. Boys living in would get 
from £() 1.0 £9 for the first year, and the porter 
£30 to £50. Excluding a limited number of 
very high-class liouscs, where exceptional ability 
is demanded and well remunerated, the average 
j)awnbrokor's manager living in would gc^t about 
£100 a year, the other hands receiving from £30 
upw^ards. A proportionate inc.reaso would lie 
given to those not living on the premise's. In 
many houses it is customary to allow a commis- 
sion on sales. Anyone contemplating entering 
the trade should reflect that, unless he is a man 
of considerable means of his owm, oi* has some 
very substantial friends with unlimited confl- 
denco in him, the prospects of quickly rising to 
the rank of a master are not hopeful. 

Books on Pawnbroking. The only 
books dealing with the subject fire legal hanu- 
books, the most up-to-date of whi<ih is the 

Law of Pawnbroking,” by Charles L. Atten- 
borough (tB97). The trade organ is “ The Pawn- 
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brokers’ Gazette and Trade Circular,” published 
weekly. The National Pawnbrokoi's’ Association 
and various metropolitan and provincial societies 
exist to protect the interests of their memlxTsi. 
There are also a number of flourishing charitable 
and benevolent institutions in connection with 
the trade. 

PERFUMERS 

To-day yx'rfumes are sold largely by chemists, 
hair-dressers, drapers, and in all Ibe departmental 
•stores. The true perfum<?r — he who keeps open 
•shop for the r<?tail sale of perfumes and t<nlet 
artie!e.s fik)nt'— is not often to be mot with 
nowadays, not so often perhaps as he might 
For there can be no qiu^stion but that there are 
many o[)enings, esj)eeially in the larger and 
better-ebiss cities and towns in the eouiitry, 
for a practical perfumer who knows the busi- 
ne.ss thoroughly, and who is pre])ared to do 
it well. Of course, perfumes and toilet adjuncts 
are more or less luxuries. The neighbourhood 
scU'ctt'd must th(‘refor<^ be a good oni*, and the 
shop, stock, and appurteiiani*es must appeal 
to the jcstbetic in mankind, and especially in 
womankind. 

How to Learn. The business is best 
Icariu'd in a chemist's shop. Tlu'n* the mann- 
faciiir<* (or bbmding) and the .sale of perfumes 
is a if'gular })ait of the ehemist's business. 
IVforeover, the se.ien(‘e of ehemistry ])lays a very 
important ])art in tin* mochan art of perfume- 
making, and the youth w4in is taught tlie scien- 
litie com pounding of conq)atibles and ineom- 
patibles iii bis daily routine is learning tin; prime 
essential of the making of agreeable seents. Of 
eonrso, an a})prent icesbip of four years to a 
regular perfimuM’, eitlu'r wholesale, manufactur- 
ing, or retail, may .sc'rve tin? purpo.scj quite 
as well, but it is a noteworthy fact that most 
of the sn(*e('ssfiil |?(Tfnmer.s of the day have 
been chemists linst and ]x*rfuinors afterwards. 

'What to Learn. The things to be 
learned during the novitiate are many and 
various. First, and most imt)ortant of all, there 
must be tin' “ (uiltivation of the nose,” as it 
might be termed. The successful ])erfunior lias 
so highly trainc'd a nose* that he can detect; 
delieaeica of smell that elude the ordinary ])erson. 
This is a matter of experience and application, 
but primarily of instim^t. The- business of tlie 
novice is, tlicreforo, to become acquainted wdth 
tlie properties and possibilities of the various 
crude products with whi(!h he is brought, into 
contact, so that he can evolve something pleasing 
to the senses. Ee is taught liow to blend 
essential oils of lavender, origanum, sandal, 
orange, lemon, and what not, in certain pro- 
portions with roetifled spirit or wdth perfumed 
waters in such a way as to produce a perfume. 
He macerates musk, orris-root, ambergris, and 
80 on, to make baftes for recognised perfumes, 
and ho learns hoAv to distil lloAvers for tho 
preparation of the oils they contain, and how 
perfumes are prepared from fresh flowers by 
.simple absorption in a fatty medium. He comes 
to know the value — and the worthlessness — of 
various synthetics w^hich are often employed in 
the manufacture of cheap perfumes, and tho 
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kinds of bottles to buy for bottling certain 
brands, the style of labelling, capping, and tying 
with ribbon, packing, and so forth, that is 
necessary to produce a finished product that will 
sell. Furthermore, and vitally, ho acquires 
inside infonnation into costs and prolit-s, and the 
advantages of adequate display. Joined to per- 
fumes and part of the famil}'^ tree, so to sjx‘ak, 
{ire many toilet dainties in whicli pi'i'fume is an 
essential, and often the cssentijil ingredient. So 
the youth who lias mastered in a kind of way the 
art of making a perfium^ has y(^t to U^arii the 
many ways in which it is adapted to the taste of 
the dainty lady of fashion. He is taught, or 
ought to be taught,' the mysteries of making 
poi*fumed sacTiets, toilet cnaiins, face ])owdei’s, 
pomades, lip salves, cold- creams, cosmetics, 
bath powders, massage lotions, hair dressings, 
brillian tines, hair restorci’s, theatrical grease 
paints, and a host of iillicd preparations that art* 
intended to make the plain beaut if nl and to 
stave oft the ravages of Time. 'Phe question of 
toilet soaps itself is a large one. 

Ways and Means. An ade<|uate experi- 
tmee having been acquired, the young man (or 
woman) with a capital of £o(M> might essay a 
new busint‘ss. As before mentioned, tin* .‘<hop 
selected must Ix^ in a good-chiss neigh hourhtjotl 
if the advent urt‘ is to be made on ptrfinm rv 
and its adjuncts alont^. It must be <l(>nt^ wc*!!, 
or not at all, for tlie cheap perfume business is 
not worth tlie candle. 'Pho’-c who -want cheap 
perfumery can get all they <le ire in <*ndlcss 
variety from the di’aper, the* ha.irdr(‘sser, or the 
ehemist. So a nuKlest shop ii\ a good-class, 
busy thoroughfare of a good ])rovincial town, 
or a flourishing metropolitan suburb, shouhl be 
•iccured and fitted up wt?!!. Tt will j)ay to sp< nd 
at least £2(K) on good fittings in an <*ligib!(* 
neighbourhood. Light oak, mahogany, or otiicr 
fancy wood, earved or plain, but in good taste 
should be chosen. The window shotdd be 
carefully look<‘d to, and tit1(‘d so that it Avill 
<lisplay in the daintxist manner possibh; tlie 
delicate stock that is to tenijit the passer- bv. 
Some tastes run to A'olvet plush draperies of 
variotis shades in the AvindoAv, whiles other.i 
affect plain oak recessed e nnpartments A^^th 
brass standards for dis})laying goods, and 
mirrored backs, sides, tops, and bottoin.s. The 
regulation shop with counter and eastjs ]ia,s 
given place of late years to the sal(tn siyJ(^ of 
shop interior. A handsome carpet on the floor, 
a })erfume case of one design here, another of a 
different style there, a profusion t)f min-or*<, 
palms, and flowers dotted in odd corners, with 
hatidsomo cut-glass show perfume bottles, 
perfumed soaps or toilet sp<?ciaJities insinuated 
in unexpected places, but not obtruding on the 
general scheme, dainty curtains, a dclicatt; 
perfume, and a general air of luxury ; suc h is 
the modern perfume mlon. 

Buying. The young perfumer would not 
at first attempt to make and bottle his own 
perfumes entirely. He would probably have a 
“ bouquet ” evolved from his inner consciousness, 
in which he had hopes of great popularity, and 
this ho would manufacture and put up as a send- 


off. It would reejuire to have a catchy name, 
and be original and attractive in stylo of get up. 
Nowadays, most Avholosale f)crfumors, manu- 
facturers of toilet soaps, and makci*s of toilet 
articles, offc^r ])crfumcs, soaps, and ofluu* gouils, 
packed in a sclcct(‘d stylo and lalx'lU d with tho 
retailer’s own name and addrc'ss. Tnc* oponing 
stock need not bo largo ; in fact, it ; liould be as 
small as possible, kt'cping in consid^•rfltion the 
ciJiemcral nature of the goods and the dafigt*!’ of 
soiling l;tlH‘ls and caskets. T/ic amount exfumded 
in stock would not, tliercforc, he tnorc than £ir)0. 
For one must r<‘meml)er that crowded perfume 
eases are neitlier artistic nor nt'ct'ssary. 

What to Buy. First and foremost, tho 
hcginncr would schcl iihonl 10 Ih. of assort'd 
perfumes in bulk. Tlics<i would include the more 
popular perfumos (in triple extracts for reduction 
with spirit or otherwise), sjieli as jock(\y club. 
4‘ssenee bojupict. lif*liotrope, Parma viohils, lily of 
the vall(‘y, moss rose, musk, myosotis, mnv moAvn 
hay,sf ephano< is. swc<*t pt‘a, walHIowcr, whitt^ ro. 4\ 
ylang-ylang, and so forth, Avhi« h lu^ would order 
in i-lb. or ]-lh. qmintiti(*s at a, cost of from O;'. 
to JOs. fid. ])er 11). Then hi* would carefully 
choose an assortment of holtlctl ])crfuincs. in 
l-oz., 2-oz., 4-oz., up to S-o/.. si/.cs. Out* gross 
of the l-oz. size would probably cost about 
£Hb half a gross of tin* 2'OZ. :’ize, about £8, 
tlu*oe dozen of the t-oz. size LI, and so on. It 
must he distinctly undcrstootl that no cheap 
perfumes should ho touclM*d, except in rare 
instances, afid great care* and thoiiglii shouhl ho 
exercised in t hi* select ion, wh ieli should not require 
mon* than £‘.0 to £4(1 all told. Beside the 
lK)ttl(*d perfumes, tlu'ie arc also caskets or 
cabinets containing bottlis of assortird styl(*s, 
the easki'ts thernselves being A\o)ks of pictorial 
art ajid chasti^ decoration. A sum of £10 should 
si'curi^ a good disj^ay of caskets in designs to 
suit all tastes. Ihsides these, thi'ie are the pro- 
}»rietary brands to bo stoekeil. Another £15 
to £2tt w ould have to bo spout on tlu* ““ croat ions ” 
of Kimmel, Vinolia. ( Irossnhth. Atkinson, 
(Josnell, Erasmie, and othor British rnakiTS who 
luiA'o mado their wari*.s populiM’ all over the 
world; while tho staplos of Lontinontal pi*r- 
fumers like llogor tV ( billot, IMvov, and Pitiaud, 
and tho eelebrat od Farina (*an-do-( ’ologiu* must 
not be forgotti*!). 

Sundries. This may seem a modest, esti- 
mato for one aiming at doing a higli-ilass 
business, but it slioukl suffice, for it must not lr)r 
forgolton that the balance of tho £150 will bo 
required and }Krlia[)s a little^ more — to cover 
tho necessities that remain. ''rht*so include toilet 
vinegars, liair Avashes, liair iK)m{ides, hair oils, 
brilliautines, mouth washes, and liquid derUi- 
fiices, tooth ]jastos and povvdei-s, cosmetir.s (mi 
the liair and moustache, creams, pa^lc.s. cos- 
meties and powdtu’s for tin* skin, toilet milks, 
perfume sprays, peiiuincd sa'-hets, toilet powders, 
smelling salts, incense jibbou. liiinigating 
pastilles, manicure set-s, shavi/ig n earns, and the 
important section of toih't .^oaps. All tlu^si* must 
be selected in small, as.sorti d quant itic*s ( J dozens 
or I dozens), the aim being to have as varied, 
an assortment as po.s.silile. 
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Development. As the business grows, the 
man with a genius for perfumery will soon evolve 
new notions, and, provided he ean liit on a novelty 
in perfume, to which ho ean attach an original 
and striking (U)gnomen (ahvays taking care to 
endeavour to be unique in the style and finish of 
their packing), his success, all otiiiT things being 
favourable, is a foregone conclusion. If a nc‘\v 
jx^rfuine is evolved — and there aie thousands put 
on the market, annually — the lisual method is to 
run a series. That is to say, sliould lu‘ produce 
a perfume which he names “ Kunitia," for 
instance, he would have besides Kunitia ” 
bouquet in various sized V)ott les, “ Eunitia '* 
toilet er(‘am, “ Euuitia ” sachet, Eunitia " 
face powder, and I'vi^n “ Eunitia ” toilet soap. 
Thc^re is great scope f(U’ ingenuity in siicli an 
occupation, and to the earnest enthvisiast the 
biisin(‘ss is a fascinating one. Then th(‘ (pu‘stion 
of face massage and eompU‘xion hi'anlifying is 
hoeoming yc'ai-ly more important. As trade 
imn’eascs, a portion of the shop might h(‘ cur- 
tained off, or tli(‘ back shop premisi\s eonv<‘rt(‘»l 
into a kind of a boudoir, where Society dauu's 
may have their jaded eomplexitms renovat(‘d 
l)y an (ixperic‘n(‘(‘d mass('us<} with cieams and 
lotions compounded on tlie establishment. 'I’liis 
once attained and a fair eo’uieetion seeurc^d, 
the businciSH bcH-oiues very ])roli table indeed, for 
what will not woman sacrifice to maintain her 
beauty ? Some pei fuiiiers have chiropody as a 
side line, but. this napiin's skill, and geherally 
entails the employment of expert and high -priced 
operators. The art of manicuring, liciwever, is 
easily acquired, and >vell repays the time and 
trouble spent on it. Ih^tailed particulars regard- 
ing “ Manicuring ' raid ‘•Massage'’ will be 
found on page's .‘H-lHand Foi “ ( ‘hii*i»pody ” 

see t)age ISt)."). 

Two Representative^ Formulas. In 

tlie course' of his tut(*lag(! llic young ])erfnnier 
will heef)me ae'epiaintcd with many formulas or 
recipes for tlu' pic'parat ion of various ])< ifuines. 
The aim has Ixeii and still is to imitate hy thi^ 
eomhiiiation of various essential oils tlie perfiinu^ 
of known flowers. Jn many cases this imitation 
is veiy successful, althougli the most satisfactory 
perfumes are undoubted ly made hy direct ab- 
straction from tln^ real flowers, either )>y distilla- 
tion or hy enMeurage. '^riie latter process jiro- 
diiccs iht^ best results, anil is done by placing 
the petals or Icaviis on fats, lulher lioi or cold. 
These processes, how^ever, require a special plant, 
w'hichtlic retail ])erfumer w^ould not possess; so 
he would buy I'ssential oils from a reputable Inuisi*, 
lay in a stock of rectified spirit, and make a 
“ Honeysuckle" perfume, for instance, by mixing 


tlie following ingredients : 

Oil of piinciitc) lOdraiiiM 

Ess 'iiliul <mI of iilmoiuls , . . . 10 drainH 

Oil of ceiivut .*> oz.. 

Oil of origunuin :J rains 

Otto of I’oso I <b'Hrn 

Rectified spirit 4 pints 


The usual piocess is to add the oils to the 
spirit in a largo stoppered bottle, shake, and 
leave to mature for a week or two before bottling. 
.The most popular of the perfumed waters is 
** Lavender Water,” and every perfumer has his 


owm formula for this. A delightfid “ lavender,” 
and one which is said to have been prepared 
for and used by George IV. is made as follows : 


Mitcham oil nf l.ivciulcr . . . . (i drams 

Kssciico of nmsk t? (trams 

Esst'iico of millotlcurs ft dvams 

Oil of bergamot . . . . , . . . 3 drams 

Otto (»f rose I dram 

Roctified Hjiirit IS oz. 


One of tlic prime essentials in the ])rcpar€ation 
of a lavender water is to maUii sure that a w'cll- 
matured English oil of lavender is used; and the 
jjerfume, after btnng mixed, should stand for 
from fotir to six weeks witJi occasional shaking, 
before being tiltered through filtering paper. 
(h‘(*y lilb'iing paper of EjiglisJi* make should be 
ernployt'd, and tJie pa}K‘r should be wariiuv 
lu'fore the fiki'i’iiig process is begun. 

Alluring the Public. A brilliantly-Iighled 
and luxurious window display fi equenlly iduiriged 
is necessary to attract the public. MMie vogue of 
recent years lias bei'ii to make ilis])lays of special 
perfumes by the ns<‘ of lloral adjuncts, such as 
ihiskels (^f ros('s, bc'-ribboiu'd receptacles for 
])('rfuiiie bottles, soaps, sachets, etc., palms, 
greenery, and other (‘legantly exi'cnted pictorial 
re])resen tat ions of high art, and a.(ljum*ts of a 
lik(' nature, to il raw-’ the public to the window'. 
Sprays of Jioueysiiekk' in profiisiuii w^ould 
impress the ‘‘Honeysuckle bouquet" on the 
publii; mind, and b'rupt to its sale, while baskets 
of lilies or twining loops of iris, or other known 
flower, would Ix' ('uiployed for tin* perfume it 
represented. Tlu^ main feature, however, is 
good taste in all disjdays, and the lavishly lloral 
or the gorgeously plush may with profit in many 
instances be rephiei'd wfilli efieet by tlu' severi'ly 
classical, or, as in tlu'i^ase of Old English T>a vender, 
by an old-world ttuieli. On tlie opc'ning w'ceU, 
tiny sample saciu'ts or sampler bottles of a special 
perfume might be distributed judiciously, and a 
never-failing attraction and strong ineentivi' to 
purcliast* is the practice of having one or tw'o 
spray boltles containing representative pc'rfumes 
on tJie counter or tallies in tlu' salon, by means 
of which till' custoni(*r may “ try before she buy." 

Profits. Hie perfunu'r will have no difficulty, 
with a good eliaraeter and £500 in the bank, 
in obtaining eri'dit on the usual monthly or 
three-monthly tt'rms, and lie will find, as in 
most other businesses, that prompt cash brings 
the largest discounts. Thus, if he pays for his 
opening stock " on the nail " he will secure from 
7.J to 10 per cent, off the list prices — a considera- 
t ion on a £150 order. The profits on perfumes and 
toilet artieh's are good, averaging from 40 per 
cent, to 50 per cent, on the turnover. Pro- 
prietaries do not bear so gri^at a profit — the best- 
Icnovvn perfumes and soaps bearing, roughly, 
15 pi'r (!ent. to ‘25 per cent, profit only. But the 
bulk perfumes show considerably over 50 per 
cent, average, and when a formula has been pro- 
duced that gives a perfume that can be sold in 
1-oz. bottles for 2s., for instance, the profits 
mount up higher still. Taking all things into 
consideration, however, one might say that a 
fair average all round may be struck at 50 per 
cent, on the turnover — a profit by no means to bo 
despised in these times of stores and cut prices. 
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THE MINOR SOURCES OF SUGAR 

Group 16 

FOOD SUPPLY 

Sugar from the Maple, Palm, and Date. Tapping the Trees. Yields. Sugar- 
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making- and Refining in India. Sorghum Sugar and Syrup. Maize Sugar 
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Sources of Maple Sugar.. Majjle sugar 
is tho produce of several kinds of maple- trei\s, 
the following being the chief varieties : 

Sugar maple, liard maple, <^r rock maple — 
botauic^al names : .4ccr harhatum^ }Tichx., A, 
Mirvh annum Waruj. 

Silver maple, soft maple, while maple or 
swamp maple — l)otanical names: A. sturhan 
ihum Linn.^ A. dastfcarpum J^Jhrh. 

Ited maple, soft juaple or swamp maple — 
botanical name: .1. rubrum Linn. 

Hlack maple — botanical names: A. harbalum. 
VH/rnm Su.rf/., A. .'utcchariniun nitjrum T. aiui (/., 
A. nigrum Mich. 

Production. Maple syj up and sugar have 
a distinctive delicate flavour, on which account 
they are imich prized in the countries of ])ro- 
diicirion — C’anada and the United States. 'I'he 
production of maple sugar is looked upon a.s a 
nunumu’ativci adjunct to other farming indus- 
tries. The season for t a}) ping begins where 
winter ends, and is over before tho ground is 
sufficiently thawed and settled for s)>ring work 
pro|KM\ ft therefore occupi(‘s a ])<Ti<xl when 
little other farm work can be. dom*. In Uanada 
some lt),00(),(Xl0 lb. of maple sugar is made 
annually, while in the Unitisl States tho annual 
production approximates 45,(1011,1)00 lb. 'I'he 
bulk of the United States piovluelioii of .'^ugar 
and syrup is made in the Slates of V<*rmont, 
New York, Ohio, l\uinsylvafiia, and 
Hampshire. The production of maple sugar 
luis been especially encouraged in \h‘rmont, 
wiiere a bounty was jjaid on quantities of at 
least 5fK) lb. sugar testing 80 degrees or ov'^er of 
the polariscope. 'PliC! iiulustry was established 
in Vermont by the Indians, and fiotii iluun the 
early settlers learnt tho j)roeess of manufaeture. 
Uetw'cen the years 1890 and 1904 ihe Univ'ersity 
of Vau'mont and State Agricultural Uolh'ge 
conducted a research on maple Migar which has 
cle^iired up many doubtful points ; tliis »e.searc*li 
is the most complete study of the .mbjeet that 
has been made. 

How the Sugar is Obtained. Maple 
sugar is formed from stan-h, in tlu? ^^te. 
winter and early si)ring. This starch is 
stored in certain sapwood cells during the pre- 
ceding summer, and is jirobably transformed 
info sugar through the action f»f cjizyme.s (fer- 
m(mts). The starch is formed in the leaves 
under the influence of sunlight, and a large 
leaf area and plenty of sunsliine conduce to 
a good sugtir yield. As will be explained later, 
the tree is tappe^d, and the s>ip from whicli the 
sugar is made flows through f ho tap into a bucket 
placed to receive it [16]. Tho imnujcliato cause 
of the flow from the tap hole is sap movement 
under pressure towards the point of least rc'-sist- 
ance. The exciting cause of the flow seems to 


be tempeiviture lluctuations backwards and 
forwards over the 32^ lim', causing alterna- 
tion of pressure 
;uid suction — a 
pump -like ac- 
tion. The ulti- 
rnatx^ and abso- 
lute (^ause er’.ti 
hardly be this 
or any oHuu’ 
])hysic:il one ; it 
is ])rol)ably a 
f u n (U. i o n of 
living cell. 

'rh(^ majile 
trunk rapidly 
aiM'u mu la ten 
water dining 
the late winttv 
a n d (» a r 1 y 
sjiring. It at 
all times con- 
tains much gas enclosed within the cell walls 
of th(‘ ‘woody tissue. The sap pass«‘s through 
these cells readily — gas seanx'ly at all. More- 
ov(*r, temp(Tatiiro <4iang(’s c.mse ('xpansiori, or 
<-ontracti()n of the voliirm* of gas, and changii 
in ])rcssure. Increase of water eiml<*nt and 
rising t<‘mp(‘rature prodnee pressure, pressure 
induce.s saj) movenumt. ami sap movement 
means .<a]) flow'. J9-<‘ssm(^ and siip flow come 
from above and below the tap bole, but little 
from the side. 

Season for Tapping. Tlie time for 
t.apping is from the TuiddN* of February to late 
in March, wlieii tlie. nights arc. still trosty, but 
sunny and warims’ days prevail. If at tliis 
time the trunk of the maple be tapptal, by boring 
inU) it for a depth of 5 in. or less, and a sap spout, 
or spigot, be inserted, tlu* sap (‘xiides and fails 
virop by drop, tpiiekly or slowly, according to the 
weather and time of ‘lay, into the bucket. The 
.sivison lasts well into April. Tlie tap.s ustxi 
are figureil in 17, tho top two being tbe simplest 
kinds: the fourth, tli<‘ “Foster” tap, is one 
mueJi in use, the 
look being used 
for suspending tho 
bucket. The qoV 
letdiiig pail slum Id 
be of tin, and bavx' 
a cover to k'i« p out 
snow, rjiiii, and 
dirt, siuc. much 
extra fuel i.s nctHled to evaporate l)u^ sap when 
it Is mixed with rain or snow The pail holds 
from lb to 18 quarts of 
No more sugar is yi^ lib d by ta]jping on Uio 
branchy side of the tree than on the side rela- 
tively devoid of br.im'lc > 4'he hole in tho tree 
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into wiiicli the ta.p i« irwcricd is made with a 
sharp bit, about four feet from tlio ground. 
Tile larger the tap hole the more sap and sugar, 
for a time, at least. It is undesirable, however, 
so to wound the tree that the hole will not soon 
heal. A *2 to I in. bit is best for tapping, and 
eare should be taken to free ih<^ hole from 
shavings and borings before' the tap is inserted, 
'^riie sap is at first quite clear, but as the season 
advanees the flow' lessens, and the sap becomes 
thicker and cloudy. 

Yield of Sap. A good sap day, of wdiich 
there are ten or liftt'en .in a season, oc(‘urs only 
after tlu^ air temperature has rernaiiu'd below 
freezing point for sonu' time. Warm days and 
frosty nights form ideal sugar weather Some (iil 
j)er eent. of the sap flow'^. before noon. The total 
sugar contt'ut of a trei^ carrying gallons of 

per eent. sugar is approximately .‘lo lb. 'liie 
avc'rage yield of sugar from a small ti er i.s .‘1 lb., 
which represents 9 per e(‘rit. of the tf>tal sugar 
content. A pound of sugar from each pai! of 
sap is tlu' usual amo\int, and is amply Tuaint aim'd 
ill pract ice. The sap ice should not l)e dis<^ard«‘d, 
as ice removes inueh sugai*. The duration of the 
sap flow’ depends on the weatlu'r conditions; 
it may bo fairly continuous for some time, 
but is eommoniy broken into distinct runs. 'Plie 
swelling of the leaf buds preparatory to bursting 
marks th(' end of tlu* flow, or si' ison. 

Trees under 25 y('ar.s old ar<‘ scklofu fe.p])e<l, 
as the yield is too small to pay ; Imt once i\, tree 
is tapped the process may be continued annu dly 
for forty years, w'ithout harm to the tn'o. 

Sugar Boiling, dhe proces.s of obtaining 
sugar from maple sap is extremely simpk^ on 
aeeount of its purity ami freedom from extra- 
neotis matter. The eonteiits of tlu' .saj) l)iiek<‘ts 
are emptied into a tank in th<‘ boiling shop, and 
from this tank the sap is led to the (‘vaporator, 
which islioated by prunings of the mapk' grove. 
The evsiporator 1 iS] is a larg<' iron pa.n from Id 
to 18 ft. long, t to r> ft. wide, jiiid t> to S in. d('ep. 
divided by ]>ar- 
t it ions so t hat 
tlie sa]>, ad- 
mit teal by a lap 
regulated by a 
float, takes a 
devious courses 
before it reaches 
the far end. 

The sap boils 

furiously, IHUl ^8. KVM-OBVIOK 

is skimmed all 

tht^ time by means of sliallovv tin skunmers. 
^'Hie incoming sap makes a continuous current 
t^oughout the evaporator, and by the lime 
the sap reaches the outlet it is a more or ii^.ss 
thick syrup. While hot, the syrup is passed 
through a felt strainei*. 

Maple Syrup. If tW maple sugar bo 
required in the form of syrup, which saves 
much time and fuel, it is evaporated to a density 
of 1*325 or 11 U>. of sugar to (he gallon, and poured 
while .hot into perfectly ck'an pans or tins, 
wh^Si' ijro then scaled to kevp out the air. 
SyS^p.^ii^f this strength wdll not granulate under 


ordinary conditions. The strength to boil can 
be gauged by a tbermomoter. When the thin 
sap begins to boil, its temperature is about 
213” F. As it boils down and becomes thickec 
the temperature at which it boils rises until 
iow'arda the end it may be 235® to 240® F. A 
syrup, if consisting only of sugar and water, 
boiling at 230” P. would test 80®, and at 
253® F. Of)® pokirisf'opc, and each de'grei? over 
this ferrqieiature approximately one per cent, 
of siijcar. 

If madt' into sugar, the syrup is boiled over 
a brisk wood lire, in a ])an sinalU'r than the 
evaporator, to a concentration which will 
eryste.llisf' into .sugar on cooling. There are 
ViM-ious nu'tliods of detorrriining when this 
sugaring point is reached, tlu' usual test being 
to pour a little* of tlu* syrup on to snow, wlien, 
if ready, it giv(‘.s' a stringy or hairy product. 
'Pile pan is tln'ii removed from the fire, tlu^ mass 
.stiiTi'd or di]>p(‘d until graining begins, eaid 
transferrt'd to tubs to harden. Variations in 
the manu fait lire a.re practised, a, little lime or 
.soda, being, in some easi's, added to neutralise 
fri'i* acids, and in otlu'i’s wdiite of egg is used b> 
make a crystal white product. 

Palm Sugar. In fndia, besides the sugar 
('ane, several piilms an* usetl as sources of sugar. 
1’he I'hief kinds are : 

Palmyra palm or* crab tree— botanical name, 
/iorassffs f/dhelliformis Linn. 

Indian dati* palm — botanical name, Phonir 
Sf/lrcsh'is. 

Sago palm — l»otanieal name, Parifttta nrrns. 

(^oeomit. j)alm — botani'eal name, (Wasi nnriirra. 

Neen tree botanical nanu', Melia azadimr/Ua. 

The Palmyra Palm. The Palmyra p.ihu 
constitutes the only spei'ies of thi* genus [)aim- 
aee.i, tlie \\r)i‘d llalnllijonnU referring to the fan- 
shapi'd leav<'.s. It is very widely distributed, 
and is found in South Anu'iiea and Australia, 
and ill every part of Hindustan. The avi iage 
lieight of th(‘ tree in Tinnovelly is 40 to 50 It., the 
eirciimference at the base Vicing often 5^ ft., and 
at the top 2^ ft. The roots penet rale to a great 
di'pth, and hence decqi loo.si* soil is best for 
the growth of the tree. The eiiltivatioii is easy, 
it being reipiiretl simply to collect and sow the 
seeds, whic'h gi'rminati^ readily, and to protect 
the young .saplings from cattle and from villagers, 
who collect and use tlu^ young shoots as a 
vegetable. The tree cannot stand very much 
drought, and is best planted in a rather damp 
locality. 

Method of Collecting the Sap. llic 
saccharine juice of the Palmyra palm is obtained 
by bruising tin* flower stalk with a wooden instru- 
ment/ resembling a jiair of compasses so as to 
crush the embryo flower or fruit within, and by 
taking a thin slice otY the end for several days. 
'I’he object of slicing the end of the spathe is U> 
faeilitatyc the exit of the sap, and to prevent it 
from bursting the spathe. Almut the eighth 
day the sap begins to exude, and is received in a 
little earthen vessel attached to the stalk. 
'Phe inside of this vessel is smeared with chunam 
to prevent the juice fermenting. The trw is 
climbed both morning and evening for bleeding. 
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but the sftp which has collected since the last 
ascent is usually brought away in the morning 
only. The quantity of juice yielded by a male 
tree is about two-thirds of that obtained from a 
female tree. The palmyra season extends from 
the beginning of February to the beginning of 
(X’tober. Much of the fermenting wap is drunk 
just as it comes from the tree, and when allowed 
to ferment forms the intoxicating beverage 
known as Still more of the juice is boiled 
into jaggen/y or converted into .^ugar camhj. 

The palmyra continues to yield three or four 
quarts of sap a day for four to five months, 
but once in every three years the operation of 
tapping must b(^ suspended, and the fruit 
mitted to form, otherwisi^ the tree would di(‘. 
The juk^e contains more sugar than ot,h(‘r palms, 
three quarts of juice yielding one pound of jag- 
gery. The tree goes on yielding juice for about 
fifty years, and begins to give saj) wluui about 
lo years old, hut this dep<‘nds u]>on the locality. 
The production of sugar from the sap is dealt 
u ith in the sect ion devoted to the date palm. 

Indian Date Palm. The date palm attains 
a height of 30 to 40 feet. It grows most abun- 
dantly in Bengal, Behar on the (’oromaruhd 
coast, and (iuzerat. In Jessoic^ and other 
districts of Bengal, it is extensively utilised 
a -5 a .source of sugar. The higher ground is that 
elio.seii for date palm cultivation, and the se(*d 
is planted in rows 12 ft. apart . After seven years 
a tree ready for tapping is obtained, the process 
being repeated theneeforw ard every year. There 
are two series of leaves, th<‘ crown leaves, 
which rise straight from the top of the trunk, 
and the lateral leaves, which spring out at the sid(‘ 
of the lop part of the trunk. When the rainy 
season has completely passed, find there is no 
more fear of rain, the (Milt ivator cuts olY the lattnal 
lea\'es half round the tree, thus baring li surface 
measuring 10 to 12 in. each way. This surfaee, 
at first white and afterwards turning brown, 
is not the woody fibre of the tree, hut is a hark 
foi tnecl of many thin layiM's which (diange colour. 

Tapping the Date Palm. After tin* 
tree has remained for a few days, the ta])ping 
is [icrformeid by making a (Mit- into this e.xposc'd 
surfaee in the shapi' of a very broad V, about 
3 in. across, and | to in. deep. Then the sui*' 
face inside the angle or W is ent into, so that 
a triangular surface is obtained from which 
sap flows. The sap flows to the bottom of the 
angle of the V, where a small bamboo spout 
is phieed to eonvey it to a small earthenware 
vessel. The tapping is arranged throughout, 
the season by periods of six days. On the first 
evening a cut is made as described, and tlie juicc! 
allowed to run during the night, this juice being 
the strongest, and known as jiran juice. In the 
evening another slice is cut oft’ tin; exposed sur- 
face, • the sap obtained being termed do-hu. 
No new cut is made on the third night, the juice 
which runs out being called jarra. 3'he trw is 
then rested thr(‘e nights, and again ta])ped as 
described above. In time the tree; gets a 
of four inches taken out of the wound. The 
following season, the opposite side of the tree is 
tapiied, each ti*ee yielding juice for about forty 


yeaiv. 3Mit; notches are always on the east and 
west sides of the tree. The eU*arer and colder 
the weather, the more copious the flow. Tap- 
ping begins in November, the best flows being in 
December and .Taniiarv. The flow di minifies 
as the warm weather comes. Kaeh tapping 
yields five fieers of juice on tin* average, and 
seven to te<i steers protbiet' the .seer of gvhr. 

The annual yield of sugar from palm-trees in 
India is estimated at 100,000 tons. 

Other Sugar « yielding Trees. Tlio 
sa{io f)alni of India is th(» chief source of palm 
sugar in Southern (\‘yl<»n, and in the Bombay 
Presidency mon* sugar is made fi-om it than the 
palmyra palm. The cont-nut ]ialm is uscmI as a 
source of sugar in ^ladras, while only a small 
quantity of sugar is obtaiiU'd from tin; 
tree. 

Sugar-making in India. The processes 
followed in making sugar from eaiu‘ juicn; are 
shown in the table pre])ared by Mi‘. T. D. Miller 
for the “ Agricultural Ledger. ' It is given he*ro 
1191 to show the great varieli(‘s of sugar which 
are jirepared from one sourei*, and also heeauso 
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19. TAHl.K OF*' INDIAN SIMJ MIS 


some of th(; nudhods ar(‘ followiMl in ])reparing 
sugar from the sap of the l*alniyia palm and 
Indian date palm. 

The juice from tli(‘ ])alm is lioiled at once in 
larg(^ pots placed in a hole on 1 lie top of a dome 
of brickwork which is over a wood lire. The fin; 
is kept burning by using the U*aves of the 
tr(*es with the wood fuel. The jnici* is (dear 
wlieii put into the pan, hut after boiling turns 
dark brown, and yiidds a semi-solid mass ealUnl 
guhr. This, when still waiiii, is poured into small 
earthenware* j)ots. It tak(*s two and a haft hours 
to boil a panful of juic*e to the guhr condition. 

'riu; refining processes of India do rud involve* 
the; use of charcoal, hut consist of eliminating 
tke molasses more; or less perfectly by draining, 
reboiling, and claying. The cam jniea* table 
sufficient ly explains the general im d)ods follow'cd 
in tlu; case of palm sugars. Tlu* Knglish system 
is also followed to a limited cA.'nt. It should 
1)0 noted that the greater lairii.v (d the palm juices 
makes the refining a less troublesome operation 
than in the ease of cane jnle(‘ ; it is also cheaper. 
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Sorghum Sugar. Broom corn, Chinese 2. The cane should not fee worked too early ; 
sugar cane, Imphee or Sorgho — botanical the seed should be well matured and quite ha^, 
name. Sorghum saccharalum Pers . — ^is a gramina* and the juice should have a specific gravity of 
ccous plant which has been the subject of much at least 1 •066, . 

experiment as a sugar producer [20], Experiments 3. After cutting, the canes should be worked * 
in Kansas have shown that sorghum may be up \%'ithout delay. It is best to draw directly 
j 1 j from the field to the mill, as required, to keep 

the mill going. 

The stalks are passed through rollers as in the 
case of the sugar cane, the juice is then limed, 
defecated, sulphured, and concentrated in much 
the same way as for Beet Sugar | r>age 4160], 
Sorghum Syrup. The United States 
Department of Agriculture has issued in a 
po])u1ar form a pamphlet dealing with the pro- 
duction of sorghum syrup, of which the following 
is an abstract of the practical portions. The 
juice as it comes from the mill is treated with 
sufficient erc^ani of lime to render it slightly 
alkaline when tested with litmus paper. Excess 
of lime should be avoided. The addition of tine 
clay at this stage is also recommended. The clay, 
in very lino powder, is stirred in water to make 
it into a thin batter, and a small quantity of this 
is stirred in aft(T the lime. Tlie lime and clay 
gradually subside and take dowm with them the 
imf)uritieH of the juice. The vessel containing 
and the unerystal- 20. soiuoiom juice is allow(‘d to remain undisturbed until 

Usable sugars which thc^ juice is cleared. 1'lie clear juice is then drawn 

prevent the sugar from being pre})aj’ed in a dry olf, heated nearly to boiling point, and a little 

state. The juico of the sorghum contains about su]K*rphoK])hate of lime add^. to make tJic liquor 

10 per cent, of sugar. A variety of sorghum distinctly a.cid to litmus paper. About a gallon of 
(N, mdgare Pers.) or great millet, also yi<?lds sugar. eoiutentratod superphosphate of lime is sufficient 

Cultivation of Sorghum. Sorghum as for from 4(K) to r>(K) gallons of juice, the quantity 

a source of seed for cattle-feeding purposes is depending upon tlu^ amotmt of lime that was, 
considered by soinfi experts to bo sii])erior to used. Exc(‘.ss of suj)erphosphate must not 1 h^ 

maize, and it is probable that future investiga- added, as it affects the taste of the })rodiict. 

tion may result in varieties which yield a maxi- Tlio mixture settles out a precipitate from which 

mum of sugar as well as fully-matured seeds. the clear juice is separated and rapidly coneen- 

The varieties at present best known are the trated in an evaporator. Bright and brilliant 

Honduras, early amber or early golden, and c'larified juice is essential to success. After 

white Lilwrian. The stalk is J in. to IJ in. in evaporation to a suitable density the syrup 

diameter, and from 6 to 12 ft. long. Sorghum is <H)oled, and when it reaches the temperature 

is not affected by. drought and can be grown on of the air it is put into barrels. Jf no clay be 

any good corn land. The land should be deeply used in the process of manufacture, the juice is 

ploughed and freed from lumps in the spring slowly heated after the addition of lime and the 

by rolling or harrowing. Planting should not .scum that forms removed by a skimmer. Tin* 

l>e too early, but in warm and moist soil, so that juice may have a little bisulphite of lime added 

the plants appear in a few days. The plants at this stage as a })reservative and colour im- 

may be thinned, and are best planted in lulls, so ])rover. After the juico has been thoroughly 

as to be able to stand the wind better. Close sJtimmed it is allowed to settle for from one to 

planting checks the growth of weeds, but ex- two hours, the clear juice being drawn off from 

elusion of light is deleterious to the growth. the sediment and evaporated very rapidly into 

The time required for maturing varies from a syrup. 

90 days in the ease of the early amber, to 140 Maixe Sugar. Tin* stalks of Indian corn, 
days for Honduras. The time for harvesting is zm mags^ contain from 9 per cent to 1*2 jKjr cent, 

when the seed has passed the doughy stage and of sugar, and Jiave been used as a source of sugar 

feels hard. The tops are removed by a sickle for by ihe Mexicans in ancient times. The taste 

the sake of the seed, and sometimes the stalks of the syrup or sugar obtained from maize 

are stripiied for fodder, but there is no difference resembles that of maple sugar, 

in sugar yield between stripped and unstrippejj^ Sugar cannot bo made from maize to compc.te 
stalks. It is important to reject immature canes profitably with that of the beet, but it is quite 

as the .larger proportion of glucose they contain possible that a systematic selection of seed 

prevents the crystallisation of the sugar. according to the sugar yield would give better 

OolUef emphasises the following points : ix^ults. Tt would be an ideal state of things 

1. A cane that matures quickly and has as long if the corn could be grown both for its seed and 
a tv^rking )ierjod as pijssible should be selected. sugar. ^ t 

Continued 


Jii H-ijy par- — 

ticular direction by 
continuous selection of 
seed from cane which 
has the qualities de- 
sired. In this way 
the ijercentagc of sugar 
might be inerfjosod and 
the proportion of im- / 
purities in the juico 
diminished. 

No sugar, or only n 
very little, is produced 
from sorghum at the 
present, lime, but a / 
considerable quantity 
of sorghum syru}) is 
manufactured. The 
difficulty has been to 
get rid of the starch j 
and gummy matters. 
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Group 9 

LITTLE BOYS’ SUITS 

DRESS 

The Drafting and Making of a Man-o*-war Suit. The 

30 

Jumper and Whole-fall Trousers. Sleeves and Pockets 

I'cmtluwo'l frum !«}<»' 411HJ 


By AZEUNE LEfWIS 


slia|X' of the first small shirt cut on manly 
^ lines is aliown in 37, and is made in practically 
tlio same way as the gro\vn-uj) model, for which 
Ave must refer the maker to Suirtmak[x<;. 
where full directions are given. The yoke is of 
double material, cut selvedge ways, and is stitched 
to the gathered back, as the notelu's indicate. 
The button stand is stitched to thi^ right side 
of front opening, and the mitred Avraji on the 
left, as it must be remembenxl that iniMi's gar- 
ments fasten ov(*r from left to light, and iu)t 
right to left, as those of the other .sex. This 
shirt Avill take I yd. of Hti-in. material, either of 
flannel or shirting. 

The pattern can also he utilised for tlu^ 
Vrench shirt shown in {h) of 36, the lower portion 
h'eing merely elongated and cut leg-fashion. As 
already mentioned, if thi^se be furtlu'r extended, 
and the garment mafle larger, it' forms an excel- 
lent sleeping suit. 

Man-o*«war Suit. The drafting and 
milking of this suit are given in full, as they 
present a few variati<^'ns, and the style is alway.s 
popular. Besides this, th(i small trousers eiiu 
ho adapted to stweial shapes. Tln^ measurement s 
arc as follows : Breast., 26 in. ; neck, 12 in. ; 
sleeves, 14 in. ; wrist, 0 in. 

This drafting will do for four years, as already 
observed, by cutting Avithoiit inlays. The 
materials and accessories required for this suit arl^ 
2J yd. of 27-in., <m' yd. of 50-in. matiM'ial ; 
ji ytl. flannel for singlet: lanyard aufl whistle ; 
lilack silk square ; man -o' -Avar liat. 

Diagram 33 shows the jumper, a\ liich is drafted 


as follows 
tAvo- thirds 


A to B, 
of breast 


tnSlDC 

POCKET 






(about 17i in.) ; make 
Tint he centre. Draw 
two parallel lines from 
A and B, 18 in. in 
length (or longer if 
desired). 

C to D, and V to E 
are each one-sixtli of 
the neck measure, 
plus } in. (2j: in.) : 

C to F, one-fourth of 
breast, plus l.J in. 

(8 in.) ; A to Cf, and 
B to H, are each one- 
fourth of breast 
(CUin.). 

The Colt,.\r. A to 
B, the neck measure, 

less 1 in. ; C midAvay 38 . jr^iPER 

between ; the depth 

of collar is one-fourtli of breast plus 1 in. (7J in.), 
or deeper if desired. iSce diagram 29 (2)] 



^7^ 


•i; 


1 




1 


Is' 


1 


^.J 



3P/PT OP JUMPER 


Slkeve. a to B, one-fourth of breast plus 
2 in. for pleats (8.1 in.) ; A to C. the lengtli of 
slecA'c (14 in.) ; C to 
D, half wrist phis 
2 in. for pleats : con- 
nect 1) to .B ; B U> K, 
1 in ; eomieet K to A 
1411. 

'rjlK SlVOTJOT. A 
to and A to ( ■ 
are each one-sixth of 
neck, less j in., to 
make it lit well round 
the neck ; A to 1), 
l.l in. Fur VO from 
B through D to C. 
D lo K and D to F 
are each'5 in. ; 1) lo 
(i. IH in. ; IT and I 
are each 2.\ in. from(b 
Draw lines from 1 to 
F on to ( and from 
Tl to 10 on to B. A 
represents the liack, 
and I) the front ]401. 
In entling out the })attern, alloAV .J in. l innings. 
TIh* shirt, or jumper, as the sailors call it, is 
<*ut in one piece i.f., it lias no shoulder seams, 
these hi'iiig plai <*(1 to the fold of material. 

The Making. (*halk-inark the armholes, 
jis at G and 11 ; then slit the neck from 10 to I), 
and mark the opening from (' to V\ or longer if 
reijuired. to allow ]>lenty of room for the head to 
go through, and aA'oid splitting. The o]Mming 
must lie faced with a strip of the 
1 ^ same material bin. wide and l.J in. 
longer than opening. ( ‘halk-mark 
the centre of facing, as from 0 to 
F (381. 

The making of the jumper is 
A^ery sim])le. The facing is 
stiteh(‘d to the inside of front, 
as shown by tbo broken lines, 
using a long stitch for coarse 
material, and well press<‘d. Make 
a small |H)cket and s(wv on the 
inside of right fore part on tiu? 
edge of lacing [38], and another 
on tlie outside of the left fon* 
part for Avlustle. etc. 

For the collar, two pitnes 
must be cut out. .md i in. 
turnings allowed >11 i«.imd. It 
is made in the s.imc iiiantHT as a 
pocket-flap, for wJiich see Boys* 
Tailortno I P Insert the 

neck of jumx)or between i lu* < ollar, ]>1acing centre 
of neck to centre of con«i^r ; baste on carefully and 
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sliteh along the iVw'k and all round the collar, 

quite close to the edge, and J in. heyoiid. Pi-ew* 

well on the wrong side, over a 

damp cloth. The scams can ^ 

now lie basted together and 

stitfihed ; removi? the basting 

and stiteh again on the right 

side through lioth turnings — 

i.e., wthout opening the seam cev, 

— \ in. from the seam, to kee]) r, 

them flat and neat ; turn up J 

the bottom, haste, and stitoh. 

The sleeve should have a 
Ixix pleat in the centre of top. 
and one on either side, ri‘- 3^ ^ 

versed — i.f., one faring front, 
the other hack ; 2 in, are allowed for tlie ])leats. 
and they should ))e stit<*hf*d down *2 in. <»r more 
to keep in ])osi“ 

tion. The wrist y 

IS jnad(^ m Iru* \/ / 

same manner, ’^^7} 

After t he pleats \ / 

'are stitched, . \ / 

the bottom \ / 

should he tur- \ k / 

ikkI in J in. and \ | / 

faCi^d with a \ / 

piece of mate- \ ^ / 

rial or lining, \ ^ / 

and the open- \ j 

ing of sleeve \ / 

h e m m e d — \ / 

alxiut 3 in. will \ / 

be suflieient. \ / 

Then stitch up v » -- - -g fv 

tiM- ^am to SiMiLKT 

match the 

sides, place a but ton on the under part, and work 
a but tonhole in the tt)}). The sleeve can be mad<^ 
without an opening if pref<*iTed ; in thi.s ease, tho 
seam must be stitehe<l before the facing is put'oii.- 

Diagram 42 sluiws the shirt linislusl and tbe^ 
position of poekids. insert tho sleeve, place 
the seam to the underarm 
strain, baste and stitch ; turn 
the shirt on tlu^ right sid<‘, 
and stitch again, to mat eh 
the other seams. Sew two 
pieces of riV)hon on the o)H)n- 
»ng, about 1 in. from the 
bottom. 

Drill collars to wear over 
(heso jum}xus arc sold icady- 
made, or can he imide as 
.shown. 

Tln^ singlet is e\it in two 
pieces. Join the right slioulder, 
turn ill th(*. edges of the left, 
wTork two buttonholi's or loojis 
on tho front, and s<*w two 
buttons on the hack ; the 
neck should he >>oimd round 
with a strip of drill or linen, 
cut on tho cross, whilst the 
edges can either be hound, or 
tuimxl ill and herringboned. 

Sew taiios at eaoh corner, to 
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keep the singlet down when worn. Ail anchor 
on the centre of front is a great improve- 
ment, and can bo bought 
woven ready to sew on. 

Drafting Whole- ' 
fal 1 Trousers . These 
are the measurements : Inside 
5 leg, 10 in. ; waist, 26 in. ; seat, 

« 5 28 in. Working scale, half 

- scat, 14 in. | 43]. These trou- 
■“Jl sers are cut without an outside 
scam, so the* pa}X‘i* for drafting 
must be foldeil in half length- 


39. roi.i.iii 


42. JtrMPKR OOMPLETB 


A to B, the inside leg mea- 
siirci 10 in. : B to C, half scale. 
D, on(‘-fonrth, 3 .J in. ; 0 to E, half 
(* from C* to D, 1 '/ in. ; E to P, 
^ I in. ; C to G, 

r half scale plus 

^ i - ♦ 

T square a line 

/ fiom G to the 

/ fold, and piake 

/ H. HtoT, 4 in. 

/ (for the o|>en- 

L£/ V£ / ing) ; H to J. 


o . / Square out 

/ from J half the 

/ waist measure, 

/ 0.J in., and 

/ nilike K ; K to 

/ }.<, 1 in. ; oori- 

/ neet J to L. 

/ 1 )raw’ line from 

/ L to P, and 

/ curve from P to 

c I I I I I I J r ^ » curve grad- 

♦1. NLKEVK i 

111. to the left 

of G, through E to D. W<‘ must, now consider 
the leg. A to M, half the inside leg measure 
]»Uis 1 J in., in. ; >1 toN, lialf the si^at measure, 
7 in., more or less as desired: 
A to (), 1 in. more than M to 
N [43 J. t ‘iir ve from O through 
N to D. I’lio bottom should 
be slightly rounded. 

Gut out the pattern from 
L, through P to D, thence 
through N to O, and on to A 
[43]. Next, slit down the 
opening from J to 1 , cut along 
the fall from H to G, and in. 
to the left of ( t, through E to D. 

It must Ih? remembered that 
the pattern is drafted double, 
no seam being requii^ed nt 
side, so care must bo taken in 
cutting- out the upper front 
portion wdien the slit for the 
fall has been made not to cut 
the back jiart too. 

Two pieces aro require to 
go under the fall, which cor- 
respond with the upper part 
of front ; these are joined on 




at the sides, to finish the waist part ; and to this the 
fall is buttoned. Tliey are cut as shown in diiigrain 
44 . 1 to J and J u/ ^ 

K must be the same 
measure as oorre- 
Hjxinding letters (»n 
drafting. K to P, 4 in. 

Two small pit?ees 
are also required for 
the fall-front facing, 
and are the same 
measurt? ns the cor- 
responding letters.on 
the drafting. 

Open the }>a1 - 
tern of trousers 
on to the ma- 
terial, eaeli leg 
lx‘ing cut with- 
out a side .seain. 
chalk -mark all 
round, as also tlu' 
knee - marks at N 
(tlu^se are to lu‘ kej)t 
togt'ther in making), 
and the opening as 
at H and 1, and cut 
out, allowing [ in, 
tumings. Fact* tlie 
forks with lining [see 
Tah.orino]. Baste 
and stitch the inside 
leg seams ; then 
lavste and stiteli tin* 
two back ])arts to- 
gether, beginning U\n 
inches from the waist 
and terminating at the top of fall, as at (J, taking 
care to keep the forks together, as at 1). This 
part must Iw faced until tuo 
pieces of lining. | ForsJiapesee 
broken line in the drafting. 1 

Chit two pieces of mattn ial 
or lining (in many eases the 
latter W'ill pi’ove mueh less 
clumsy), join tlie cent re and 
hem the lower edge ; place 
the facing on the fall, face to 
face; baste and stitch round 
the edge# turn it over to the 
wrong side, u ork out the cor- 
ner, baste again, and st itcli 
J in. from the edge. Join the 
small pieces to the sides, plac- 
ing J and‘l together ; turn 
in the top of waist J in., and 
face with a straight iiieee of 
lining ; this must be slip- 
stitched all round. 

Turn back the 1^ in. for 
buttons and buttonholes, 
and hem along the bottom. 

Stitcli all round the top of 
waist and edge of fronts, | in. 
from the edge ; secure the 
openings with a double row of stitching. Work 
four buttonholes on the fall, one at either eonier 
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(on the slant), and one about J.} in. on eitlier 
side of the seam, and three on the left under part, 
[see A in diagi*Hin 45]. 

As the blouse in this suit is tucked inside the 
trousers, no braces can be uorn. The absenoi^ 
of iJiis support, is, however, arranged for by 
clrawing them together at the hack by means of 
ribbon, or a hwe passed through ey^'let-hol(‘S. 
For this, the hack seam is left oinm a fmv inches 
from th<^ waist, and firmly fastened off to pre- 
vent tearing. For woollen material, it is best 
tn stitch the ojicning alaiiit ] in. from the edg<*, 
blit for drill or cotton it is not ne(‘essary. Two 
eyelet-holes are then worked with twist on eaeli 
side of the opening. [For the method of working, 
Dkksx.makivij. J Kow haste a piece of lining 
<»r maltM’ial on the insid<^ of the opening. alioMt 
4 in. sijuare. and rounded at the low it part, 
forming a ])o(‘Uet-sliap<*d piece, whieii sliteli 
round twice (see U in diagram 45 1. This facing 
is to ))n‘vent any dis(M)infort or ])ressure from 
the ribbon or lace UN(‘d to draw it in the waist. 
For this last ]>urpose a short silk or mohair 
bootliiee answt'rs admirably, hut ribbon can be 
used if ]>refeiT(‘d. For tlie position of the facing, 
see diagram 45, whieb 
shows ih(‘ waist part 
of tlie trousers 
l»lete. In A we ha\e 
tlu‘ fa 11 -front showing 
facings and button- 
lioles: also position 
of buttons on tlu* 
pi(‘ees wJiieli go under 
the fall, (n H. the 
back part is shown 
tinish<‘d. 

Turn the fall over the front and mark position 
for the biittoiiH, also for those on the right front ; 

H(‘W' th(‘ni on ; turn up the 
bottom and f<*ll and press. 

If a pocket is wanteil. it 
should lie jettcfl ; for posi- 
tion see diagram 43. Full 
directions for making poeket.-i 
were given in 'ruLOKiNiJ Fim 
WoMiCN Ipagi* 1S44|. 

This drafting can easily be 
converted int(> kiiickia’s, if 
required, by < utlmg pattern 
to the kn(‘e-line, and widen- 
ing the lc‘g pa.rt, as .show n by 
the broken line. 

If made a little fuller at 
the knee part, which can 
easily he done by placing J 
of the drafting to the fold 
of mat '“rial, and M .J in. in 
fivuii this, the pattern will 
do for tlie gathered kni(*k< is 
worn with the timir* .suits. 
If requinnl with opeuiugs m 
front, wo mu- 1 ofei’ the 
maker to the ( i ioii on Boys’ 

Tailorin<. I/>P 14 11, 1551 j, 
although, of course, the correct |m ttern to lu* y orn 
with this suit is that illusti in d on tliis page. 
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VERBS — continued 
Reflexive Verbs 

'T'HE r<‘flexivo form of tlio active \orh is oh- 
* tninod hy tlm addiHoii of tJie coiijum^tivo 
ft>i‘ms of the personal pronouns nth ti, -vi, n\ d. j S(^e 
3784, Position of the (^onjunetive Forms.) 
'Die reflexive ver)}s are eonjugatod with the 
auxiliary etisere. The past participle must always 
avree in g(‘nder and nufiiher witfi its sufiject . 

Lravarsit to wash oneself 
Tndk ative Mood 
Present 

io I/O* /rt/Yi, 1 wasli myself 

in ti lan\ tliou waslu'st th.ys4‘lf 

ryli si lam^ he wvislies hims(*lf 

•noi ri fan'umo^ Ave AA’a'^h ourselves 

rof vi hivate^ you AA'asJi yourself, -scIa <‘S 

essi si invamt^ tJiey AAash (iiemselA’^es 

Past Indefinite 

to mi Sana lavata^ -n, ] liave washed myself 
tu ti set hioato^ -a, thou hast washed thyself 
egli si e lamta, lie lias \vash(‘d himself 
mn ri siatno -e, we Jiave lAaslunl ourselv<*s 

roe m sietv lavato^ -//, -i, -e, you have w'ashed 
yourself, -s<*Iv"es 

rssi si saitf) lamli^ they have washed themselves 
I m perfect 

mi larara, I w^ashed myself 
ri inraranaff Ave Avashed ourseIv<*s 

First Pin perfect 

rni era lurafa^ -o, I Jiad Avashed mvs<‘lf 
ct eraininti lurali, -e, av(^ had Avaslied ourselves 

Past Definite 

mi /fi /’(/?, T AA'ashed myself 
ri laramnmy we Avashed ourselAres 

Second Pluperfect 

mi fni la vat a, -o, I had washed myself 
ri fnmimt lamti^ -r, we had washeil ourselves 

Future 

mi lacerfK T shall Avash myself 
ti lacercmo^ Ave shall AV'ash ourselves 

^ Future Perfect 

"mi tuird larnla^ -o, 1 shall have washtnl mystdf 
d mremo -e, Ave shall have wasl^m our- 

selves 

Jmi*er.\tjvic 

Prcjtent 

Idwttiy Avash thyself 
lavwmH'iy us ourselves 
Third d lavi (sing.) ; d Idvino (plur.). 

plural : lavdtevi. 
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Su BJ uxcTivE Mood 
Present 

c.he to mi lavi, that 1 AV'ash myself 

che wn ci Inviatno, that we wash oursel\T'.s 

Perfect 

che io mi sia lavala, -a, that 1 have w’^nshed myself 
ehe nai ci siama Inmli, -c, that aa’^c have Avashed 
ourselv(‘s 

Imperfect 

se ia mi farassi, if 1 w'ashed myself 
se nt)i ci IncfUsimo, if we washed ourseK'^es 

PI u per feci 

se mi fiissi la rata, -a, if 1 had washed myself 
s( ci jossima laiHtfi, -e, if we hail Avashed ourseh'es 

Conditional Mood 
Present 

mi laverei, I sjioiild wasji myself 
ci laveremma, avi* should Avash ourselves 
Perfect 

mi sarei lamfit, a, I should have AvashtsI myself 
ci saremma la cat 1, -r, we should have washed our- 
selves 

Inkinitivk Mood 
/^resent 

lavarmi, -ti, -si, -ci, -ri, to AA^ash myself, etc. 
Perfect 

essermi, -ti, -si, -ci, -vi /uivi/o, -a, -i, -e, to have 
AA’aslied myself, thyself, et-c, 

(Jeritnd 

PreseyU 

lardndami, -ti, -si, -ci, -vi, w'ashiiig myself, etc. 
Pcrfe.cl 

essentiomi, -ti, -si, -ci, -vi lavata, -a, -f, -e, having 
Avashed myself,, etc. 

Participle • 

Present. 

lamnie.ml, -si, -ci, -vi, washing myself, etc. 
(nnused). 

Past Participle 

hrdtomi, lavdtami, etc. ; lavdtici, lavdteci, lava- 
tidy etc., having Avashed myself, etc. (of 
little use). 

Many verbs in Italian may be conjugated with 
miy tiy siy ci, vi in the same way as the reflexive 
verbs, in order to give more strengUi to the 
expression. Such verbs are oall^ Pronominal 
Verbs, and must not be confounded with the 
reflexive verbs. Examples : Avem taiUa fomt che 
mi son mangiato (instead of ho mangioto) un pezzo 
di pane intero, I was so hungry that I ate a whole 
loaf of bread ; Mi son comprato (instead of ho 
romprato) nn bel veMito, I haVe bought (myself) 
a nice suit. • ' ' 





T 

the verb conjugated with cl, vi, ni ox- 
presses the aetion of two or more subjoctn, 
acting the one on the other, the verb is called 
reciprocal. Examples : Noi cl amiamo^ VVe lovt* 
one another; Ksse si scrlmno tiUti i (jwrnt. They 
write to one another every day. 

It should be noted that many verbs which are 
reflexive in Italian are used in English as intransi- 
tive verbs. Examples ; lo mi raUegro^ 1 rejoiee ; 
lo mi maraviglio, 1 wonder. 

Tl\o following are some of the most important 
verbs which are reflexive in Italian but m>t in 
English : 

accorgersi, to perceive, mi acrorgo til 
mklormentarsi, to fcJl asleep, mi addonapntn 
affrettarsi^ to make haste, mi affretto a 
mwicinarsi, to approach, mi anirino a 
(Ihnenticarsi, to forget, mi dimhiticn di 
fidarsi, to rely upon, to trust, mi fido di 
far si, to become, mi fiiecin 
fermarsi, to stop, mi fermo a 
indirizzarsi, to apply to, fnivdirhifi a 
informarsi, to iiKpiire, m'informn di 
lagnarsi, to complain, mi iagun di 
lemrsi, to get np, mi leva 
peniirsi, to repent, mi penfn di 
sedersi^ to sit down, mi seggn (.<?//) 
servirsi, to nse, mi servo di 
amidrsene, to go away (from somew Ikmc) 

/o me ne vado. T go away (thence) 

^ andidmocene, let ns go s.wu.y (hcncc) 
se ne snru) andati, they liavi* goiuj away 
(from her(‘, there) 

Exeik'Tsf. XX.Xril. 

1, VestUevi subito, perdu* dobbiaino andar- 
cene. 2. Vi divert iste ieri sera a teatro V l\. 
Non vi avviciiiate troppo alia gabbia. 4. fneo- 
mineio a stancarmi ; fcrmiainoei im poeo. o. 
Sc viiole lavarsi lo mani, le daro dell' ac'qiia 
ealda. fi. I signori del sccondo piano si sono 
lagnati del servizio. 7. Svegliatemi alle selte e 
mezzo domani. 8. A clu? ora si leva ordinaria- 
mento ? 0. Si levi ; e molto tardi. 10. Vi 
rieordate di quella signora ehe era eon noi in 
cainpagna Testate scorsa ? 11. ^le ne ricordo 

benissimo. 12. Non bisogna mai perdersi 
d'animo nella svontnra. Kl. Si segga, signora, 
e mi racconti tuito aperianiente ; lei sa ehe di 
mo puo fidarsi. 14. Mi aseolti, signore, <* 
voglia il cielo ehe non venga uu gi(>rm> in eui si 
ponta di non avermi aseoltato (m ). 

IRREGULAR VERBS 
Second Conjugation 
Verbs in -ere (long) -eontmiied 

Cadere, to fall 

Ind. Pres. — Cade, cadi, cade, etc. 

Past Def. — Cadai, cadesti, eadde, cadtonwn, 
cadeste, edddero. 

Future. — Cadrd, cadrai, eadrd, endremo, eie. 

Svlif. — Cada, cadu, e.wla, cadiatru), ote. 

Condit. — Cadrei, cadresti, cadrehhe, cadremmo, 
etc. 

Past Part. — Caduio. 

Conjugate like cadere: acradere (imp.). 
happen ; decadere, to decay. 
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Sedere* to sit down 

l7id. Pres. — Siedo and seggo, siedi, sie(h\ 
sediamo, sedete, siedono and seggono. 

Imperf. — Sedevo, sedevi, etc. 

Past Def. — Sedei and sedetfi, sedesti, etc. 

Fat are. — Seder d, sederai, etc. 

Imperat. — Siedi, sieda and segga, (‘te., siednno 
and seggano. 

• Suhj. Pres. — Siedn and segga, etc., sieda no and 
seggano. 

Past J*arf. — Seduto. 

Note. WJieii the accent tails on tJie first e 
of this verl), this c is eh;ing(*d into ie : siedo, 
Siedono : but sede/e, sederd. 

t.V)njugat<‘ like sedere.: jsis.fefif're, to possess; 
soprassedere, to supersede. 

Rimanere, to remain 

Tnd. Pres . — liimango, rimnni rimnne, rima- 
viamn, ritnanefe, rimdngnnn. 

Imperf. — Rimanevo, rimanvvi, et«‘. 

Past Def. — Rimasi, rimavesti, rimase, rima- 
nnnmn, rimaneste, rimd<(ero. 

Future. — Rimarrd, rimarrai, etc. 

Tmperaf. — Rimani, rimanga, <*te., rimdiu/atnf. 

Sithi. Pres. — Rimanga, rimanga, rimanga, 
ri mania mo, rimnniate, rimanga no. 

S uh }. 1m perf. — Ri ma nessi, etc. 

Condit. — Rimarrei, rimarresfi, etc. 

Past. Part. — Rimasto. 

Persuadere, to })ers»i.ide 

Ind. Pres. — Persnado, persnadi, t‘t(\ 

Past l)ej. — Persnasi, persnadesfi, persnase, 
persnaden/mo, persmnieste, persnd ua'o. 

Future. — Perstiaderd, (‘tc. 

Past Part. — l*ersnaso. 

(V>njug;i(<‘ like persuadere i dissuadere, to 
dissuade. 

Tacere, lo be silent 

Tnd. l*res. —Tdeeio, taci, tare, tariamo, tarefr, 
tdrrinno. ('J’be ft>rms tdrio, tdrinmt iirv imtorreet.) 

Imperf, — Taeevo, tareri, etc. 

Past Def. — Taegu i, fares! i., fargue, faremino, 
faresfe, tdrgun'o. 

Impernt. — Tari, tdrria, t‘ie. 

Stdij. Pres.- -Tdrria, tdrria, tdrria, f aria mo, 
tariate. tdrriano. 

Snhj. Imperf. - Taressi, faressi, 

I^ast. I*art. — Tari uto. 

Piacere, lo please 

Ind. Pres. — J*idrriit, piavi, piaee, piaeeiamo 
plarete, pidreiono. 

Imperf. — Piarern, piarevi, ete. 

Past Def. — Piarriui, piaresti, piaetjur, pot’ 
cemnui, piaresfe, pideguero. 

Stdij. — Pidreia, pideeia, etc. 

Past Part. — Piarinto. 

The compound tenses are fonnrd with esserc : 
mtnn pinrivto, 1 have phvt'^er/. 

Conjugate like piarirr : dispiarere, to dis- 
please. 
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'^Phe verbs piacar and diapiactre art* generally 
listed as impersanal verbs. tUiis : Mi dinpid^e.^ 
I am sorry ; ci dt/ipiace, wo are sony, etc. Mi 
pi(t4*.e, I like ; gli piace, he likes ; Le pidc/^iont) 
f/nesti fhri ? Do you like these flowers ? etc. 

Giacere» to lie down 

hid. ]*re^. — Oidrcio, giariy giftre., giaviamoy 
gm:€t€f gidexiono. 

Pad Def. — Oiaeqaiy giarediy giacquPy giaremmOy 
gifU'eMey gidequero. 

fmperai. — Oiari, gidrew. ele. 

Sitbj. Prea. — Oidcciay (‘te., giariamo, gidriatr, 
giarxiarifh 

Pdd Pa rt. — Gi ar iuU). 

Valerc, to be worth 

Irid. Pres . — Valgn. mliy vale, mliamny valet t\ 
rnlgowK 

/mqjerf . — Vale.t^), valevi, mlem, ete. 

Pad De.f.-^ Valsiy valesti, raise. raleaim<*y 
valedey vdlsera. 

PtUare^Varrdy mrrai. varrd, varrema. 

Jmperat. — ro/i, mlgOy valiavm, valetey rdlgano. 

Sithj. Pres. -^ VnlgUy vahja, I'dlga, raliaaaty 
mliatey vdigano. 

(■ondit . — Varreiy varrestiy ete. 

Past Part. — Valso and mhUo. 

(Conjugate like mlere : equivalere, to be 
equivalent : prei^lere. to prevail {past part., 
prevatso) ; invaUrey to Ix^eome pr(‘ valent {past 
part.y inmlso.) 

Exbrcjsk XXXIV. 

1. Questo qiiadro non vale niente. 2. Taeete, 
le vostre parole non valgono la pena di essere 
asooltato. 3. lo tacoio shbito, ma <> certo che voi 
non mi persuaderete a fare quello che non mi piaee 
di fare. 4. Mi dispiacque tanto che lei non 
j’imase oon noi I'altra sera. 5. Cadde. ma non si 
fece male. (i. Non vada cosi presto, riiiianga 
anc6ra un poco, 7. Non posso dare di piii. 
ecco tut to cio che poaseggo, 8. Sappiamo 
tpianto valgono le vostre promes.se. tj. Lo 
persiiasi di accettare Tirapiego che gli fu otferto. 
10. 8e qiiesta camera non le piace, glient* tiarb 
un’ altra. 

EsercIzu) di LETTt'RA — continued 

Quel brav’ uomo aveva lasciato un flgliuolo 
di stampa ben diversab Or dunque, alia 
raccolta^, il cercatore andb per risebu^re la 
met& eh’ era dovuta al convent o ; ma cohii se ne 
fece nuovo atfatto'*, ed ebbe la temerita di 
risp^dere che non aveva mai aentito dire che i 
cappuecini sapessero far noci. Sapete ora eosa 
^yvenne ? lln giomo (aentite questa), lo scape- 
aveva invitato alcuni suoi amici dello 
stissao pelo^, e, gozzovigUando^, raocontava la 
stbria del noce, e rideva dei frati. Quei giovi- 
nastri ebber voglia d'and^r a ved6i*e quello 
*fiterminato mftcohio di noei ; e lui li mona su in 
ipan&iob Ma uentite: apre rhseio« va verso 
3 cantiiceio^ dov'eta stato riposto il gran 
m^cchio, e mentre dice : guardate, guarda egli 


stesso e vede . . . cite cosa ? tJn bel 

mhoohio di fb^Ke secche di noce. Fu un cii»Wpio 
questo ? E il convento, invece di scapitare^ 
ci guadagnb ; perchb, dopo un cosi gran fatto, 
la cerca delle noci rendeva tanto, tanto, che un 
benofattore, mosso a compassione del pbvero 
c^ercatore, fece al convento la caritA d'un asino, 
che aiutasse a portar le noci a casa. E si faoeva 
taut ’olio, che o^i povero veniva a prdndcme, 
seooudo il suo bisogno ; perchb noi siamo come 
il mare, ehe riceve acqpa da tutte le parti, e 
la torna a distribuire a tutti i fiumi. 

Notes. 1. Of a quite different character. 
2. Harvest. 3. But he pretended to know 
nothing at all about it. 4. St^atter-brain*^. 

Broil) or spirits, fl. To carouse. 7. Garner. 
8. ( 'orner. 9. Instead of losing. 

(JONVERSAZK^NE 

A che ora si leva abitualtti“nte ? 

Alio sett(^ sono gi^i in piccli ; mi Ic'vo scmp/i* 
molto presto. 

lo invece sono molto pigro, lo confesso. La 
mattina non so come dccidermi a saltk^r giu dal 
l(‘tto. Se devo usoire alle nove, ptw esempio, 
idle otto e mezzo sono aiicbra 11 ; (* (piindi appena 
lic) il t4‘mpo di lava»‘mi e vostirmi. . 

K iina gran brutta abitudim^ la sua. Oltrc a 
roviuarsi lasaluttJ. perde h? ])iu belle ore del giorno. 
Le ore del mattino hanno Toro in bocca, dice il 
])rovcrbi(). 

Lei ha ragionc, e le promet to di eorreggermi. 

Ma si segga, signore. 

Grazie ; non posso f(*rmarmi di piii. 

Bipasserb di qui questo dopo pranzo e le 
port orb i due romanzi di cui le parlai. 

Non se ne dirnentiehi, perche non ho niente 
da leggere. 

Key To Exercise XXXII. 

1. We w'ore speaking of you. 2. You are veiy 
kind. 3. Be so kind as to give me that pin. 
4. Excuse me for not having sent them to 
you earlier. 5. I assure you that 1 shall <lo 
something regrettable if you do not tell me at 
once the name of that man. fl. You are wrong, 
my friend ; ask your sister ; is it not true. 
Miss N., that you are informed of every tiling ? 
7. You are very ready to speak without being 
questioned. 8. You are the most genial person 
J have ever know'ii ; how do you manage to ho 
alw^ays so cheerful ? I). Your brother told me 

that you had returned to town, and T have 
hast(*ned to come to shake hands with you. 
10. Have you enjoyed yourself these long 
winter months ? 11. Why do you stand at the 

door in the cold ? (.bme in. 12. You do not 
know, and never will know how sincere my 
friendship for your son was. IjJ. Have the 
kindneas to put this letter into the post, when 
you go out. 14. I thank you very much for the 
beautiful flowers you have sent me. 15. You 
believe that eveiy thing can be done offhand; 
but time is ivanted for everything. 16. Your 
friends beg you to go down in the garden, if ybu 
don’t mind. 17. I will sbow^ them to you 
(m. and f. sing, and.plur.). 


Continued 
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FRENCH 


By Louis A. Barbe. B.A. 


VERBS — continued 
Impersonal Verbs 

1. Tmpi'vsonal, or nnipcrsonal verbs {nrhtJi 
impernmneh na uni pp.rHonneU) aro intransitive 
verbs nsed only in the, third ptn’Kon singiilav, 
or in tlic infinitive and participles, whieii are 
not pei^sonal tonsils. 

2. The follouin;^ verbs are always imp<‘r- 
soiial ; 


Infinitivp 
pUnmir^ to rain 
ncifjery to snow 
grelvr^ to hail 
tonnP)\ to thunder 
to freezi^ 
to thaw^ 

hrmnet\ t o drizzle 
renter^ to he windy 
impf>rtpi\ to mat ter 
fnUm}\ to be necessary 


Jndirafi rv Pnst nt 
»7 it rains 
i7 n(‘igt\ it snow s 
j 7 //rc/c, it- liails 
// tonne, it thunders 
i1 (jN(\ it freez(‘s 
il (ftyeie, it thaws 
// hr nine, it drizzles 
il rente, it is windy 
il irnporte, it mattt‘i‘s 
il font, it is m*cessM.vv 


X There are a ^reat many verV)s wUicii, 
thoiigb not. essentially impersonal, are often 
used impersonally. ()f tb<‘se, the following 
oeeiir most frequent Iv : 


fnihiitire Indirntire l*rvs<nl 

sf mhler, \o il .settdde, it seems 

pnraitre, to appear il iHxrait^ it appears 

rouvenir, to be .suitAhle il ntnrienl, if is suitable 
mr/efr, to happen il nrrire, it hM,p])ens 

.sn(firde, to he the qu<‘s- il s'agit dv. the (juestioii 
t ion is 

.HO trnnver, to b<‘ found U vc tronve, it is found 
4. Tlie tljird per.son singular of etre, to be. 
is used to form impersonal expressions : // 
vrai f/ue. je irnin ^tn ami. It is true 1 am bis 
friend. Avoir, precetled by //, is used impersou- 
jilly, with the meaning of '' to Ix^ ’’ : fl // « nn 
JHen, I'here is a (lod. Faire, to make, is used 
impersonally, with the meaning of “ to he,*' 
in a number of expressions (rhietly referring to 
the state of the w(*ath<*r : // fait bean. It is fine ; 
fl fait nmnvaix lenips. It is b;i,d weather ; It 
fait froid. It is cold. 


Pleuvoir, t4> rain 

IVineipal Parts: PIrnndr, plmmnL pla, il 
plent, il pint. 

LMiicvTiM-: 


SiMCLE Tenses 
Present 
it plenty it rains 
Imperfect 

il pleuvait, it was 
raining 

Peuit Definite 
il pint, it rained 

Future 

it phtnra.^ it will r ain 


('ilwcoiind Tenses 
/hist Indefinite 
il a pin, il lias rained 
/V n perfect 

il aeait pin, it bad 
i-ainerl 

l^ast Anteeiftr 
il enl pin, it had rained 
Future Anterior 
il aura pin, it will have 
niinetl 


Conditional 

PresetU ^^tist 

; pleunrait, it would il aurait pin, it woukl 
have raiiK'd 


Subjunctive 


Present 

quit pie nee, that it may rain 
Past 

f/n'il nit pin, that it may liave rained 
Imperfect 

qn'il pint, that it might rain 
P! n perfect 

qnil cut pin, that it might, lia-ve rained 


Falloir, to be necessary 
Primipal Parts; fallnir {oo ]>res, part.), /^//a, 
il fant, il fallnt. 

iNDK'XTrvE 


Sl.MlM.E 'FeNSES 
Present 


( ViMeouNo Tenses 
/hist Indefinite 


H fant, it is n<s-es- H a falln, it has been 
m‘ee-ssarv 

/Vm perfect 

iJ aeait falln, it had 
he<'n neeessarv 

/hoit Anterioe 
a ( nt fnlln, it bad be<-n 
rieeessai'v 
Fnlnre Anterior 
il aura falln, it wmII liave 
Immmi necessary 

( 'oNIOTION AL 

/* resent /hist ^ 

if fandraif, \i woiMhe il anraif falln, it w'oiijj..^ 
jieeessary liave been iu*eessary 


SM.rv 

/ in pi rfect 

il fnUait, it w'as ner« >. 

s;iiy 

/hist Definite 
il fallnt, it was 

sarv 

Fntnre 

il fandra. it wull lx* 
neeessarv 




Sun.nNCTiVE 

/^r/seiit l^ast 

qnil faille, tha< it may qnilait falln, that it may 

Im‘ lus'essary Imvt^ been neei'ssaiy 

Imp' rfect Pin. perf exit 

qn' il fallhf, \h'M il miglit qn'il eiU falln, that it 

lx* necessary might hav(‘ beeux 

neei'SHary 

Uses of Falloir. 1. /'alloir is frequently 
r(|iii valent to the Knglish verb must. In 
that j‘ase the subject of “ rnusl ’’ becomes the 
suhj<*et of the following verb, wliieh requires 
to be in the subjunctive : Jl font que je reponde 
d sa Irttre, 1 must answer his l<*lter ; 11 fant 
(pie les rnfnnts soient oheissanf>'‘, (Miildren must 
Im' obedient. 

2. When the sta-temenl inad(* is general, tn* 
when the ]X‘rson on whom the obligation falls is 
siiflieiently indicated by the < ont<‘xt, the. second 
vta b may he in the inliiiitive ; Jl fant olmr.anr 
lois. We must obey the laws; Men enfnnts, il 
fant eons eoneher, Cldldnai, you must go to brfl 

3. With the intinitive construction, the ]»< ) >< *ii 
indicated by the subject of “ must ' m.iy be 
indicated by an indirect object. '»r dative; 

1 1 me. fant sortir, I must go out. 

This eoiistnietion is not, Ix w^M-r a very 
common one, and can bo useri \utli a pronoim 
only, not with a noun. , 

4. In the past and fmaiv, /allmr « annot be ^ 
translated in Knelisb by ‘’must, but may Ik 

mi 
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r<‘n(lered by the suitable tenses of “ to have to.” 
II faudra nous depicher. We shall have to make 
haste ; II a fallu qu^il me le donndt. He had to 
give it to me. 

5. When falloir is followed by a noun, it means 
“ to want,” “ to require.” In that case, the 
subject of the English verb is expressed by an 
indirect object, or dative, and is placed before 
falloir^ if it be a personal or relative pronoun, 
but after it if it be a noun : II me faut d'mUres 
Uvrea, T require other books ; Void VHeve d 
f/vi il faut nne gram,7mire. Here is the pupil 
who requires a grammar; 11 faut une rumvelle 
robe d vm 8cem\ My sister requires a new dress. 

0. Falloir is used idiomaticalH in the following 
expressions : 

(a) S'en falloir de beau roup, "ro be far from ; 
II s'en faut de beaucoup que la sonime y sort, I'lie 
sum is far from being complete ; U ne .s'en faut jtas 
de beaucoupque la somme ny soil, 'Phe sum is not 
far from being complete (lit., from being there). 

(b) S^en falloir de pen, or pen .sen falloir, not to 
be far from, to want but litt le, to be near. Pen sen 
fallut qu'il n'en mouruty H<‘. was n(*ar dying of it. 

(c) Taut sen faut, so far from, far from it, 
by a long way. Taut s'en faut qnil conHente, 
qtCnu contraire il fern tout pour Vem pecker. He 
is .so far from consenting, that, on tlie contrary, 
he will do everything to prevent it ; Us ne nous 
(/rU pas paye tout re qiViU nous demient ; taut 
s'en fauty 'Fhey have not paid us all they owed 
us ; far from it (by a long way). 

7. Comme il faut (jn’onqunccd ko-mi-fo) is us(‘d 
as a qualificative, with the meaning of ” respect- 
able,” ” gentlemanly,” ” ladylike ” ; and also as 
kn adverbial phrase signifying “ suitably,” 
“ properly ” : Ce sont des gens fr^.s comme il 
fauty They are very respectable peopk' ; (-'estun 
hoinme tout d fait comme il faut, lit* is quite a 
gentleman. Elle a fair tres comme il faut. She 
looks very ladylike. 

Exkiut.se XXX. 

1. The earth is warmed {cckauffer) by the sun. 

2. The egoist (egoiste) is loved by (r/c) nobody. 

3. Figures (le chiffre) were invented \inventer) 
by the Arabs (Arabe). 

4. The woman was decidved by tlu* serpent. 
(le serpent). 

5. Thunderstorms (an orage) are foreseen 
iprevu) and announced by the swallows. 

6. America (V Amerique.) was discovered 
(decmiverte) by Christopher C’ohimbus (Christo phe. 
Colomh) in 1492. 

7. Printing (Vimprhnerie, f.) was invented by 
Gutenberg in the fifteenth century. 

8. The Cape of Good Hope (le cap de Bonne- 
Rsphance) was doubled (doubler) for tlie first 
time by the Portuguese (Portngais). 

. 9. When did you come back from Paris ? 

10. Wliat day did your friends leave (partis) 
for London ? 

11. Since the comet (la comHe) has (is) appeared 
(apparue) a crowd (la foule) of people pass the 
night (d) looking at it. 

12. When we arrived at the station (la gare) 
the train (le train) had already started. 

13. It seems that the sun turns (tourner) 
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around (auknir de) tlie earth, when, on* the 
contrary (aw contraire) it is certain that it is the 
latter which turns around the sun. 

14. If it freezes (in) the morning, it is often 
fine all day (journee, f.). 

15. A door must be' open (oui'eHe) or closed, 
says a French proverb. 

16. I have told you everything. Wliat (of) 
more do you want ? 

17. That is just what I require ; thanks (merci). 

18. His friends are very respectable people. 

19. Ho was very near being killed (tuer). 

20. To (pour) speak well, it is necessary to 
say what is required, all that is required, nothing 
but (rien que) what is required, and to say it 
suitably. 

IRREGULAR VERBS 

Among.Mt the verbs classed as irregular there 
are some of which all the tenses are formed 
quite regularly from the principal parts, 
but in whicli these principal parts themselves 
present some peculiarities. As regards these 
verbs, it Avill be sufficient to give the principal 
parts, togethcir witli the three persons singular 
of the present indicative. Xt) such verbs occur in 
the first conjugation, and tlu* third has only two. 

Second Conjugation. 1. Assailltr, to 
assail, assaillant, assaiUi, j'assaille, tu assaillesy 
il assnille, f assaillis. Sonu? grammarians give 
an irregular future, fassaillerai, instead of 
f nssaillirai. 

2. BouiLijR, to boil, bouillaut, houilliy je 
bousy tu bous, il bouty je bouiUis. This verb is 
intransitive, and its use is consequently practi- 
cally limited to the third person. “ To boil” as 
a transitive verb is faire. bouillir, “to make boil.” 

*1. Goitvi^tr, to cover, cfutrranty couverty je 
am ere, tu couvres, il couvre, je couvris. 

4. Dormtr, to sl(*(*p, donna Hi, dor mi, je dors, 
tu dors, il dort, je dormis. 

5. Fotr, to flee, fuijant, fui, je fuis, tn fuis, 

il fuity je fuis. 

fi. Mentir, to t<^ll a lie, meutant, 7nenti, je 
jnens, tu mens, il menl, je mentis. 

7. Offrtr, to offi*r, off rant, offerl, j'offre, 
tn off res, il offre, j'offris. 

8. OuvRiii, to open, ouerant, on cert, j'ouvre 
tu oumes, il ouvre, fouvris. 

9. Partir, to set out, 'junianf, parti, je pars, 
tu jmrs, il part, je partis. 

10. Hentir, to feel, to smell, sentant, sefiti, je 
sens, tu sens, il sent, je sentis. The reflexive verb 
se repentir, to repent, is conjugated like sentir. 

•11. Servir, to serve, servant, send, je sers, 
tu sers, il sert, je servis. 

12. SoRTiR, to go out, sortanty sorli, je sors, 
tu sors, il sort, je sorlis. 

13. SouFFRiR, to suffer, sou ff rant, souffert, 
je souffre, tu souffres, il souffre, je souffris. 

14. Tressatlijr, to .start, 'to shudder, is con- 
jugated like assaillir. 

15. V#.TIR, to clothe, vetant, vetu, je vits, tu 
vets, il vet, je vetis. 

Third Cond^gsitlon, 3. Pofrvoib, to 
provide, pourvoyant, pourvu, je pourvois, tu 
pourvoisy il pourvoit, je pourvns, 

2. PnivoiB, to foresee, premyant, prevu, je 
prevoisy tu prevois, il prevoit, je previa. 
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EXERCISE XXXI. *21. Tlio juilgc who is hvitlifnl to his duty 

1. Our brigade will attack tho onemy {le thmir) feels neitlier regrets {Itt regni) nor 

in his retrenchments (Ze re^iwm7(fciwew/) to-morrow anger m.). 

.morning. 22. TJiere are people wlio se(‘m to think 

2. A few shots (wMp## rfc /<?/.) are fired (go otf) ; (errdre) that the happiness of serving tiieiii is 

at this noise Napoleon starts. The Russian a sufficiently high reward {la revampenfio) 

{de liusaie) campaign (/« mmjxtgne) is opened. for those wdio serve them. 

3. Everybody {tout le nwvde) knows {sail) 23. Oo out .when you like {L'oHflrer:), hut 1 

that it was Christopher Columbus who tliscovered warn you {avertir) that I shall go out only 

America. after you (shall) have (he) gone out . 

4. He never opens his mouth w'ithout saying 24. Is it worth while {la prine) to live (vitre) 

some foolish thing {la Mottise). when we (one) sutler ? Y<‘s, foi* we alw ii-ys hope 

5. The noise that was made {tie laisait) in the that we shall not suffer to-mo!*row. 

meeting {ane assembUe) covered tlie voice of the 25. 'riu* misfortune {lemalhejn ) of lhos(* people 
speaker {oraleiir). who know all (it) is that they tirver foresee 

0. It is certain that the sea formerly covered anything, 
a great pill of the inhabited (Atf/>/7er) earth. Kky to E.xkroisk .\ Xl\. 

7. Thc» water would boil more quickly if you 1. II m(‘ seinble qiie j'ai dejii \ u eette (h»,me. 

lighted {allmner) a g(>od lire. (‘omimmt s’appel!<*-t-elle ? 

8. Francis (7V(iw<ro*^) I. slept on a gim-earriage 2. Les vainciis n<‘ se soiit p.as moins hien 

{u7iaff4t) the night of the battle {ht hataWe) of halt us (pie les V'aiiujueurs. 

Mariguano {Marigmin). 3. Lenuemi s'est einpare de la ville apres 

11. VVe fal) asleep {h e'luhirmir) ev<*ry evening un long siege, pendant leqm^l les luibilants se sont 

whilst he roads (/i<) the papiT {le joanml) to us. tlefenclus aiissi eourag(‘usenieut qiu* les soldats. 

10. When we were young vve iise<l to slee]> 4. Nous nous detious trop des {iiitres, et 

twelve hours without awakening {tie reveiUet ). nous ne nous tnetions pas assez <i(» nous-menies. 

11. Isaac having asked his father wJiere tin* 5. II y a des homiiuvs qui se glorilient ])lus 

victim {la vivtinie) was which tvas to be saeri- d<‘ l<‘urs defauts cpie de leiirs bonnes (pialites. 
liced {itmnoler)^ Abraham answered ; “(tod 0, .'Vi<le*toi, le eiel t’aid(‘ra. dit le proverlv*. 

will provide for (to) it.’' 7. Elies sc* sont aperl;m^s de l**ur erreur. 

12. Cliarles the Hold {Tementire) perished inais il etait t rop tard. 

{jm’ir) before Nancy, b«‘trayed {trahir) by a 8. I’n ecrivain a dit que si nous nous vi».ntons 
Neapolitan nuircenary {un mereenaire anpoU- souv<*nt <l(‘ ik' point nous <‘nnuy(*r. c’ost. [>ar<uj 

tain) and killed whilst (cn) fleeing afitir tlu* battle <|iu‘ nous stumnc's si glorieiix que nous no voulons 

by a gentleman of Lorraine (f/c?i^jZAo/rt7wc /om#?/#). pas nous trouvcM* de imuiv^a isc* conij)agnie. 

13. liCi us ftoo together to the deptlis {le ff. A qu(‘ll<‘ heur<‘ vous h‘vez-vous ordiijal^Tf. 

/ond) of the forests ; it is better to trust (.ve //er) to inent ? Nous nous l(‘V ons ordinaiivnieiit a 

tigers than to men. s<*pt heures, <*t nous nous eou(‘hons raremenfc 

. 14. There are people {<jen*i) who lie simply avaiit on/.e heiir(‘s et denii<‘. 
for the sake of {jHjar) lying. 10. De grands motifs jauivcmt nous engager 

15. Satire {la satire) lies about (on) men of a nous humilier, aaienn a nous avilir. 
letters (ge?Mde /cWrc.v) during their life, and praise II. Ix*s Homains, apres s'etre empar<^H ch? 
(/Vf^^ye) lies after their death. la (iaule, liii (buinen’nt eii pen de temps leur 

10. He lias been offered a .situation {unr civilisation. 
fdaee) in Paris, but he do(*s not wish {detdrer) 12. fl vaut mi<‘n.v s'<‘xpo.ser a I’ingratitiKle 

to leave {(juitler) London. qm* de laisser .san.s secours iiii maliienreux. 

17. It is useful for (to) the proud {le saperhe) 13. L liistoire nous dit (pi'il y a eii d«‘s rois 

to fall, because their fall opens tlieir eyes. qui se sont devoues k la mort pi^ur le sahit de 

18. We {on) are usually {ordinal retnent) less leur fKaipIt*. 

grieved {jdrhe) when we gfi awa-y than vvIhmi 14. II y a bieii de la differeiiee entr<' .se plaire 
W'c see (voit) (others) go away. a uii travail (‘t y etre proprt'. 

HI. We ought to have started for the country 15. Nous sommes si accoutumes a nous 
yesterday, but we sli dl .start to-morrow only. degJiiser aux antn's. qn’enfin nous nous degui.sons 

20, When you (sing.) tell a li<% dm^s not yon i’ u noiis-memes. 
conscienec {In conarienee) rejiroaeh {reprfwhey) Hi. II est an.s.si facile d<‘ st‘ tromper .soi- 

you (with) something, ami do you not nqient m<‘me sans s'eii apeicevcur, qu’il est difficile 
immediately ? de tromper les }iutn‘^ s;mis (lu'ils s'em aper(,'oivenf . 

i'ontinaed 

GERMAN By P. G. Konody and Dr. Osten 

XCV. Principal Rules of German to day. He HHke<l me to on Jiiiu, etc. % 
Punctuation. The full stop(.)is employed u. f. U\ (abbreviation of itUD uniH ifcr, and so forth); 

at the end of a complete sentence, and after 50. (pnu Qleifvu'b for e\.niiple) ; tcv 15. 5?(it^urt. 

inscriptions, abbreviations ami numerals, as in The mark of intorrog.ij ion {{) is put afler an 

English. Examples : lifittc. interrogative sent< ne«* ; i»nd flic m.irk of excla- 

i?at luirf) il)U pi The father is coming matiou (!) after t‘N|M«*s^ions of command, desire. 
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grief, and after .addressing persons in lottere 
(Vietcv jvreunbl etc.). 

The comma, the semicolon, the colon, and the 
full stop indicate pauses in the sentence. Tlio 
sliortest |>ause is denoted by the comma, the 
longest by the full stop. The use of the comma 
in (German difiersi from the Knglisli. It is em- 
ployed (a) ill enumerations. Example; SlKintter, 
#^rauen, .^natcu ciltcu iim()ev, Men, 

women, girls and hoys were running about. 
(b) Between princiiial sentences and suhordiimtii 
clauses. Examples : C^v K\t midi, bafi id? femmett 
niofle. Ho begged me to come. ift bet !3)}auu, 

bet mir ben This is the man who 

showed me the way. (c) Wliena co-ordinate or 
suhordiiiate clause conhiins a new subject and 
predicate. Examples : T'cr 'Ihttcv miv itidni\ 
iiub audi bif ?(Jhitkv fd'UMfC^. Fatlier said notliing 
t<» me, and mother, tc)o, kept silent, (d) Witli 
(piotations. Exaiiiphi : .'Z^iev bin id), fv, Here 
T am, he said. 

The semicolon and tlie colon are used for 
indicating longer pauses in eoin[)lieated com- 
pound sentences, for the sjdve of the clearer 
articulation of the sentence ; and the colon is 
also used to intnxUice enumerations. 

All other signs are nsetl exaeiJy as in Englisli. 

XCVI. German Correspondence. 
The mode of address in (lennan business letlt^rs 
differs from the English form in so far as it is 
customary to use only the name of the addressee’s 
tirin, and not the additional address of civility, 
,,Sir,” or ,,Hear Sir,” (U* ,, (lentlemen ”. 

On the other hand the signature is fitMiueiilly 
preceded by expressioiu- of courtesy, which 
would sound r‘'^‘./Uious if literally translated 
into .'>od'ad)t«ihv^iH'll (full of high 

esteem) ; (^v^^fbcitfl (most <levot<'dly) ; bem 
Vlm^bviirff anfnd'tivtcv 'lltcrt|d>vHMUu^ (with the 

Private 

Vicbft (Vretinb 1 ^ebv j^ccbricr i^crr! 

'lltcrhftc wpiiibigc #v van ! V icber (Miijiax' ! V icbftc .Uarotine ! 

3u weiuem Icb^aftcii 'i^fbanevn ift cc* miv iufcU^c 
eiuc^ imiH'vt)e\\vfc()cneii Ami fd'fii fa licet numiS^lidi v^c 
u'otben, inifcrc 'l^cvabrcbinu^ chipibaltcii. 3di iisire 
trcfdc^, mcim baburd) in 'ibrc t^’imcilniu^ cine vStiuiuu^ 
ctetva^en muvbc, atleiii cet ift mir bcim beften 'lihllcu 
nid)t mcftlidi, an ber 'Ibivtic tcilpmcbmcn. Ad' beffe, 
baj; Sic cine atu^fiKbmc Jvabrt iiitb cinen pifricbcn 
ftcKcubcii 9liifcntba(t baben U'cvbctt. 

An alter .t>er^lid>tcit 


'«cl)r c\ccbvtcv .'>cvr ! 

SDJeiue ^rau nub id) U'nvbiii \\\\^ aufrid>tij^ fvcucu, 
U'cmi <Sic uiib bac» 'IbripiiivVtt «wd'cii U'clltcn, mit niie 
am iiacbftcn ^ermta^, bett 12., nm 1 llbr, pi fvcifcn. 

T)abm ciniflc Jvtemtbc ciitv^clabcn, tie c«< fid> piv 
(5d)rc anreebnen U'crben, At)ve 'Bcfanntfd^»aft pi mad'ciu 
An aufvtditictcr t^v^cbcnbcir 


^icrvcri 91. & ! 

An (l^rlcbivpin^ ('^caiitivcvtmu^) Abver 

(^cci^vten) BuftliVift vcni 4. b. 'if. (biefee* 
[bom 4. v. if. fbcricicn iicnat?)] becljrr idi 
mlij, Allien mitpitci (cn [aipu^pictcn, <Sif pi benad)- 
rl^ti^ett. <©if in .tfcnntnig pi fc^cn], ba^ bic miv pi.' 
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expression of sincere valuation) ; SUfit bet 
35et(id)enuig vcrp"icilid>et .^ccbaditimg (with the 
assurance of excellent high esteem) ; etc. In 
private letters without distinct commercial cha- 
racter, the style of address is : <$et)r i^eebrter .t[>err 
Dear Sir (very honoured sir) ; ^l^erte ^nabii^c Rraul 
Dear Madam (esteemed graciou.s madam) ; <5ebr 
^ecbvteet tptabi^cei i^rdulein! .ts?ocb^efd»aUte i^raiil etc. 
This address is always follow’od hy a note of excla- 
mation. The signature is again preceded by the 
customary terms of courtesy, as in business 
letters. It is not considered very good form 
to begin private letters with the personal pro- 
noun ,/Acl>". 

Kkv Tt> ExKurisKs IX Examtxatiox 
Papkii XXITI. (Paoks 4220-1) 

Exkkc’tsp. 1 {a). Ac^ faiiftc ben ib bent 
fd'vp'tc, bai^ (or u'fld'Ci') fid) nebenan befinber. Tice^ 
ii'iccvfnbr mir, ber idi bed', etc. C^v ftclltc mir feiue 
ivran i'cr, bic (or U'cldic) id> I'crbcv, etc. Xm ift ber 
llfaiin, beffen Sebn, etc. Tiica ift bic 'l^aiicvin, beren 
^cd'tcv, etc. ^ai^ irar 9lllci\ mat^ id) erfabren fonntc. 
‘Tat^ fav^n ^i^ ber bicit bed' bcficr miffen felltc V T^at) 
faipc ter "Iliaun, tev (or U'cld'cr) bice battc beffev U'iffen 
miiffen. T'ac' Atliuplc, mat? mir tnn feiinen, ift, abpi 
reifen. (‘‘e nid'te, mae cr nid>t miiptc. 

(b) Ad) fanftc ben .)>nt in bem (^hfd)afte, ba<< fid' 
nebenan bcfintet. Vlllc 9)lnbe, bic baran i.eu'cnbct 
U'lirte, mar I'cri^ebliri'. or Vllle Wiibe mar I'fVipblid). 
tic baran, etc. Ad) befelipe ben )>fat, ter mir erteilt 
u'crtcu mar (or mnrtc). 2ie fd)cnftc il)m cine )lfcfe, 
meld'c mnnbevbar buftete. (^r pivpc miv ten ^li'CiV 
meld'cr ter fnrpilc mar. 

Exr.misK2. Ad' fit bite mid) fc U'cbl, trie eiu J^ifd) 
im "I'Jaffct. Ad) fiiblte mid' mol) lev, alc< cin jvifd) im 
"^I'affer. ^'hMe tie 3onne aiu'< ben 'JiU'lfeu brid)t, fo 
irat bic >vcf, etc. Unfer Okirtcn ift mett fd'biier ali< 
ter feiue. C'r licbte ibn, mie ein 'IMnter ten anbcni. 

Letters. 

Dear bViend, Dear Sir, 

Dear Madam. Dear ( Justave, Dear C’aroline, 
To my greatest regi’el, unt‘oros(‘en circuiu- 
stanees make* it impossible for me to keep to our 
arrangement. J should be sorry if thi.s Avere to 
upset your pla-iis, but I cannot possibly make 
one of the party, mueli as T should like to do so. 
T hope that you will have a pleasant journey 
and a. satisfactory holiday. 

^lost cordially yours. 


Dear Mr 

My w ife and T would be delighted if you 
eould give us the pleavsure of dining with us 
next Sunday, the 12th, at 1 p.m. We have 
invited a few friends Avho will feel honoured to 
make your acquaintance. 

Alost sincerely yours. 


Messrs. A. & B., 

Ill [courteous] reply to your favour [esteemed 
letter] of the 4th inst. [of the 4th ult ] I bog to 
[have the honour to] inform you that the goods 
forw’^arded to me are only partially up to sample. 
The sizes, as well as the quantities and qualities. 
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ftemittHffU 'sWaveii miv j;iiwi IVile Miui^cvi^man 

tie at^ aud^ tic ^Jiumutent unt bte 

Cuatitatfu ctttfvvcd>€n nidjt niciiicv iHcifcnbeu 
crtflUew Dtbte de dato 2. 3W«i b. 2s. (biffed 
2in Ut 9ltt(a^e ['3cii\ffd}ic|Ten] fiubcu ^tc fine .ftevic 
mcinetf auf (Sirinib ^M^rci- 5Kui^cr evtciitru ^Jluftra^ci' 
luBft Vtufl^eKiiUv^ bev tatfdij^Ud^ ^rliefevtcn ^Uucu. 
7Bclifu 8ic benma^ uni^c^^cnb ba^ 7fe()(cnbe iiad^liefcru 
iinb fiber baef 9>iid}tbeftelUc imb ‘SWiiflevdlti^eiiiagc bii<^ 
penievi'u, Xit 3at)lunft erfol^t itatitr^eniap erfl, fobalb 
tie Otbvc fpuivlctt imb auftra^^i^enu'iB cffeftuivt ifl. 

3)iivcb bic Uiu^uauii^fcit in ber '^uofnbnmi^ ineiiicv 
^^cftcilmu^ finb miv Uuauuclmtlid'fcitcn cnvaci'fcu imb 
ivavc, wemi imfcrc 'iVrbinbuiK] vmfvcdjt cvbaltcii 
ivevbcn foU, U'uufd'cnpivcvt, U'cmi fcld^c 'witiiincv 
L^tonmiVMj ill 3iihinft vcnuicbcn iburbcn. 

Abrm i^cfd'. (yV'fdjrtijtcn) 'JJadjvid'tcu fun^Ciicuiebriib 
.'>cdMd>rmu^evcU imb rrj^rbeuft 

•'^erreu ! 

'm bfii .Mucr i^fd' .^nfdirifr vom 

tVl'iiMl, luiben mir von brr hup baiiii avifirten 
iwbntf iHMi £287.10.10 O'/ (Crbrc) "l^rutcr .v>cUii'alb 
& C^c., '^criin, trei ^iDJoiiatc u dato. i^cncmiiicn, 
Hiib ibir U'crbcn :.Mire dicHmu^ ^nlcifrcn 'direr m. (uun-tfii) 
JWodminu^ ^iir dcilfiiilofeii. 

dll dbrcii T^ifiiflcii ilcfp i^riic bcrcii, ^oidmeii U'lr 
•'bod'ad'tuiKunn'II 


«V>frrdi 'iiiiufdiiiami k C'o., ^l^aliii. 

"IUmi ccr rcittfd)cu 'Biinf in ’iBcvliu in itiiP hciitc fnv 
'.M)vc u\ JWcd'intiic^ cin ('licit £(H8.14.1J ^m^fiViiiiV'ii. 
ben U'iv ^nm dbrcp dUMilcP venvenbei liabcii. 

dbrni ivf^'iiii^^fii U'eitctcn \i(uftrvi.^cn mit 'lioriViiiAcn 
cntcici^cnfclicnb, ^cid,Mifn U'ir 
•i>pdMdninuvHH'(( 


.^icrru Dr. cheni. 'ipfef VivpniAuu, Araidfunvi.iOf. 
'liUv cmvfin^cn .Mir v^cfdMibtcP Cffcvt vein .... unt 
finb nid?t abivncuit, tcv ivi\nv dlivcp «'iuvi^f«ifntc fnv 
imfcre JVabrifen milnr vi tvcicii. Ildc auP ben uiiP \\i^ 
iVmitlelten 3eniiiiineii cTfidnlidi, baben 3ie in nnfcrev 
fdHm ^^earbeilei, nub beumadi bnrftc 
.Mite OualipFaiipn fnv bic '15cbnvfniffc nnfercP 'Bctviebcp 
itii (Mvc#en nnb (Maiij^cu annev ^Weifel llebcn, '^Ib 
nefeben von bev .i>LMiovivun';\. bic ben (^)cflcnftv\nb iveitever 
'i^crbaublimc^en ^ivifd)cn imp \\\ bUben bdtte, fdieint 
imp bic JviMjV von bev leaner bep (^n^ai^incmp von be 
icubever ^ilMd^tiv^fcit. 'irdv Ici^en anf cine brei- bip 
funfiiibri^e (^*iuvivV'iiieiii<!''^»^iift Wcividn nnb cvbittcn 
mip .Mjic frcnnblidic 9J}ittcilmuv ob 3ic i^cncirtt finb, fid' 
fiiv fine bevi'irti^e ^l^eviobc ^n vervfliditcn. Tie in .Mircin 
Offertfdireibcn boti^efenten ^iiimfebc binfidnlidi bev 
rsbnen bfioiftciicnben iviffciifd^viftlidifn Vaborar.niiiin 
’iBefieiff etc. ivcrben nad' iunliddeit 'lievuitfiditiimiur 
ftnbcit. 

A>od'adMmuv'voll nnb cti^bciift 


.iCicrven 

.l.’^^vfii ivertm 'Tliiftra^ de dato . . . . , fenneu iviv 
p imfeveiiiy^banevn erft in bet j^iveiten -lijalfte beP 
iidc^flen ^VeP aupfiibten, ba bev ‘Tinffd^vnuft in ber 
Xeriilujweii^Snbttfttie im ^nUinbe unfere ^^tobnftion 
biP i^j^'^biefem 3fitbniifte volinanbiit in ^tnfpviidi 


do not eonforni to tlio ordm* givmi by me to 
your travollor on tlio ‘2nd of ^fay last . Enclosed 
yon will find a copy of my order based on your 
samples, together with a list of thi^ goods aclu illy 
delivered. Will yon (in aeoordnnce with this 
list] make np the doficieiiO.y and dispose of the 
goods not ordered 1 Payment will,' of course, 
only follow when the delivery has been com- 
pleted according to order. 

The irregularity (inexactness) in the execution 
of my order has caused me some unpleasantness, 
and if our relations are to h(» continued (kept 
up) it would be desirable if such larors were 
avoided in future. 

Awaiting the favour of your esleemetl reply, 

[I am] 

Voui*s veiy truly, 

Messrs 

We heg to acknowledge receipt of your favour 
of the .... insi. in which you twlvise u.s of your 
draft- on us of £287 Ills. lOd. to the order of 
brothers Ilellwald &. (M., Berlin, three months 
.from dal-(‘, which will he duly honoured and 
debited to your aeeoiiiit. 

[Always at your s 'i vieej we remain 
N’oiirs very (nilv. 


Messrs. P. W. P: (’o., Berlin. 

We have r(‘eeiv(*d to-day from the Deutsche 
Bank, Berlin, a cheipie £fi48 14s. lid. in full 
H(*tl lenient of your ai*couiit. Antieipaling the 
favour of your further <*st<*eim'd or.lers, 

W(‘ are, 

Voiirs faitlifiilly. 


Dr. Josef Liiipinann, Frankturl-a -M. 

We are in ree<‘i])t of your estecum'd application 
of the .... inst.. and are not disinclinod to con- 
sider tin* question of yt>ur eiigagmnent for our 
factories. It appears, from tin* t(*stimonials you 
have sent us, that you have ah*<*ady workeel in 
our special lint*, so that your tpialifications for 
the requiremtinl s of our w^orks appear to be on 
the whole beyond doubt. .\])art from tin* 
question of salary, whit^h would liavc to lx* 
tiiscussed at a later date*, tln^ duration of the 
t*.ngag<*ment st'cms to us an e.ssen1ial point. 
Wt' attach great im})()rtance to a three to five 
yeam' engagenn*nt, and shall ht^ glad if you will 
kindly let us know whetln*r you fet‘i dis))osed tt> 
hind y^oiimelf for this term AVe shill give due 
(*onsideralion to the wishes (‘xpressed in your 
ajiplieation regarding the seientifie apjiliances tn 
bt* su))plied by iis. 

Vtnirs very trulv. 


^lessrs 

Wc are sony to inform yon ihai youresteemtd 

order of cannot be r\e< ut<'il before the 

second half of next y<‘ar, a^ the boom in the 
textile industiy for honn* consumption will fully 
absorb our output up to that date. Should your 

4:ifir) 
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niinutt. 9aU6 3(;>v il^cbvivf uid^t itinnitt(((Mvc 

mad;t, ^t»irb etf uiK< frcueu, ab ($nbe 3uni 
1907 btfulicfc ffin gn foiinen. 

X^^wr gef. SWeimiUfl^aiipenmcj cntcjCijcnKt^cnb 
*§orf;a(!^hW9^i'cf( iinb cn^ebeitft 


•§eircn 

5Wit ©ef^enunirtigcm crlaiit'cn U'tv iintf bic m^cbfite 
Vliifra^e, ob <Sic inter V.vn^c unuen, ten wit 

ff|.Hirrttft t^oftfenbniii^ .^luvttcnteu ?(vtifct in c\rcn^ren 
Onantitdten f)er;\nftcllcn. erbitten nn^ in tiefem 
(Va((e (SJe^enwiiftcr wit c^enauefter ©crcd'muu^ bf« 
'l|reifctf iinb Vlm^abe bfe< !iiiefrrtevminf<^. 'ilUr tjaben in 
tiefew l^rtifet eineii bebcntcncen Itnifai.^ nnb fennten 
fent?cnirenb«i Salted c^refie Drbtc? evtcilcn. 'sliiiv Iccjcn, 
wie jc^t febon audbrneflid) erwaljiit imten waa, anf 
ftriftcfte («in()a(tunv\ ter Clnatitat nad; aJhifter/fowic 
anf vifowbtc IMeferniiii bao i^rptc (Meicid;t. 
3a()(nnfl evfof^t ejeejen !iiabcrd;»ein, 

Sfirer frennbf. vofttnenbenben 'i'crfcanbliVtu^l cntv^Ci^ciu 
f^H'iib ‘^')od)ad)tuni^ein'Il nut) cii^cbcnft 


demand not require immediate supply, we sftia.tl 
bo pleased to be at your service after the end 
of June, 1907. 

In anticipation of j’-our esteemed reply. 

Wo are, , Yours very truly, 


Dear Sim, 

Wo take the liberty of asking you whether 
you are in a positiorf to produce large quantities 
of the article sent to you in a separate parcel, 
in which case we shall be glad to rt‘ceive samph? 
with lowest quotations and date of delivery. 
We have a large turn-over in this line, and aro 
in a position to place large ord'^rs if suited 
We may mt^ntion at once that -vve attach the 
greatest importance to the gooils being up to 
sample, and to prompt delivery. Payment on 
bill of lading. 

Awaiting your reply by return of ppst, 

Wi^ are. 

Yours very truly. 


^mrcii 5lUnKcv & b'o., VcivpiV 
^11 T)6fl[. ^peatttwcvtuiuv'ducr Vln^ciy^c iii bev Tcutfd'm 

^^>anbeU^,'3ritiitttt t)cm erlaubo id' luir bicrtiivd', 

Abueii wcinc ^ienfle altf cmdifd^cr .llcrrct>rnbfin aupti 
bictni. 3d) ()abc, wic <2ie au(« brn beifehynbeu Vlb; 
fihviftcii weinrr ^nupiiffc cvffbcit U'cHcu. in 

bfut|d)cn ^vaufettt k\U cuitlifd'cr .Ucrrcfveiitfut bereireJ 
fm'iftt nnb bin beiber ^vrstd'cii in 'ii'cvt uub 0d'ri|t 
bollfowwen weiebtiiV 

3bvcr tyfd'ci^ten WfiinuKtcauficiinut fiebt tuKycten 
$od)ad>tmuyH'ell iwb enybeuft ' * ' 


Me.ssrs. S. ^Vi^kler & C?o., Leipzig. 
(lentK^men, 

In reply to your ftdvfTtiseiuoiit in thi' 

“Deutsolu- Handels-Zeitung " of the I beg 

to olft‘r you my R(‘r vices as Knglish correspondent. 
As you may s(‘e from the enclosed copies of my 
testimonials, I have already served with (jermaii 
firms as English Corr(“-;pOiident, and can speak 
and writr- noth languages fluently. 

In anticipation of your esteemed reply, 

I am, Yours very tndy, 


ConcliHlvd 

SPANISH ‘ By Amalia de Alberti O H, S. Duncan 


IRREGULAR VERBS 

The Spanisli irregular verbs are very numcTous, 
. but excepting a few, which are not classifiable, 
they may be divided into several classes, follow- 
ing easily definable rules. 

Clas9 I. Verbs of this class expand the 
radical vow'cls e and o into ie and ^^hon the 
stress falls upon them and not upon the verbal 
ending. The radical vowel is that which lies 
nearest the end of the verb stem, found by 
suppressing the infinitive ending ; thus, in 
ncord-ar, to agree, the radical vowel is o, which 
becomes ue whenever the stress is laid upon it. 
In all these verbs tlio a<*epnt falls on the radical 
vow'el througliDut the Indicative lh*esent, the 
Subjunctive Present, and the Imperative, always 
excepting the first and second persons plural. 
In all other tenses, tlio accent falls on th<^ verbal 
ending, so that, with the above exceptions, 
these verbs follow the rule of their regular 
conjugation. Examiilcs : 

Cerrar, to shut 

Ind. PreA. — cierro, nerms, cierra, cerramoSf 
c^srrais^ cierran: 

IStthj. Pres. — cierre, cterre.<i, ctetre^ cerrernos, 
ccrm>, cierren. 

, Imperat. — cierra, cierre, cerremos^ . cerrad, 

^terren^ 
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Perder, to lose 

Ind. Pres. — pierdo, qnerde.*(^ pierde, perdemos, 
prrd eis, pierde n . 

Suhj. Pres. — pierda^ pierdm^^ pierda^ perdamos. 
perdms, pierdnn. 

Imperat. — pierde, pierda, perdamoSf perdedy 
pierdnn. 

Acordar, to agree 

Ind. Pres.-n^uerdoy arnerdasy nmerduy acor- 
datmSy nrordoMy nciterdan. 

Suhj. p7-es. — aeuerdfy acuerdeSy acuerde, acor- 
deim)s. arnrdeis, acuerden. 

Imperat. — acuerdn, arnerde. acordrmos, ncor. 
dad, acnerden. 

M order, to bite 

Iiul. Pres. — mverdoy muerdes, imierdt, mor- 
demos, nvtrdeisy mnerden. 

Svhj. Pres. — muerday muerdasy mnerdas, nwr- 
damosy mordais, mnerdan. 

Imperat. — muerdey mnerday mordamos, morded, 
muerdan. 

RemarKa. All verbs of this chias observe 
the euphonic changes in spelling already given 
for the regular verbs. Thus, rogar (to beseech), 
be.sides expanding o into wc, follows the ordinal y 
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ralii^^^r ^ding in gar, changing the g into 
git before -e, thus : 

jHd. Pres.-^-raego, ruega^, mega, rogthms, Oc, 

Sabj, Pres. — riiegue, rueges, raegne, rogmnws, 
^ogiieis, ruegiten. 

Imperat. — mega, rueg^p, rofjnvwos, rogad, 

rueguen. 

W\en in verbs of this class the nviical vowel 
o is preceded by g, the expansion into un takt« 
a difieresLs wherever it 00001*8. Example : 

Degollar» to behead, hid. Pres. — degiieHo, 
degiiellas, degiiella, degolUhnos, degollais, degiifllan. 

The verbs oler, to smell ; demsar, to bone ; 
and de^ovar, to spawn, take an h wherever the o 
is expanded into ne, thus : 

hid-. Pres. — hvelo. hsele.'i, Jiuele. ohmns^ o/o/.v, 
huelen. 

Jn the verb errar, to miss, alu'iever the p is 
expanded into ie, i becomes the initial letter, 
and is tlierefore written and pronoimeed //, tluis t 

Ind. Pres.— gerro, y err as, germ, erramns. errais. 
yerran. 

Notk. / is also changed into y in othiM* v<*rbs 
when the stress falls upon the verbal termination 
lH‘.ginuing with the diphfhbngs ie or io. Exain]»it‘ : 
creer, to believe ; creyendo, believing. 

The verb pigar, to play, formerly spelt with 
air o, is included in this class. 

Class II. This class consists of verbs of 
the third conjugation only, ’with the radical 
vowels c and o. 

Besides expanding these vowels into' ie and u 
•when the stress falls upon thein. these verbs 
shorten ie and ue into i and n in tlit*. first and 
second persons plural of the Subjunotiv'e Present, 
the first person plural of the Imperative, ami 
throughout the conjugation wdienevtir the verbal 
ending contains tlio dipht bongs ie or in. Ex- 
ample : 

Sentir^ to feel ; flerund, shylenda 

Ind. Pres. — sien-to, .sievfes, J^ieige. .sestitno,'!. 
senlis, sienten. 

Pash hef. — setUi, seiiti.de. .dutio. sfsfintos, 
sentisfeis, sintieron. 

hnperat.-^ — siente, siertla, sintiuihh'<. sen fid, 

sientan. 

iStthj. Pres. —sienta, sientn-'<, .HienUi. sinfatnos., 
sintdis, simtan. 

Stihj. hnpf. r(l) sintiera, sintieras, sintiera. sin- 
I tieramos, sirUih'ais. sirUirran. 

ff »» 1 (?) sintie.se, sintieses, sintie.se, .sin- 

I tiesemos, .sintieseis, sintiesen. 

Sub). Flit. — sintiere, sintieres, sintiere, .sin- 
tierefnos, sintiereis, sintieren. 

The imperfect and future of the Indicative 
and the Conditional are regular. 

Dormir, to sleep. Gerund, dnrntiefido 

Ind. pres. — dnermo, duennes, duerme, dnrnti- 
mod, dormis, duermen. 

Past Def. — dormi, dormiste, dnrmio, donnimm, 
dormisteis, durmieron. 

Imperat. — dnerme, duerma, dimnamos, dormid, 
duer^n. 

Svh). Pres. — duerma, d tier mas, dmnna. dnnna- 
mm, dsmmis, dnerman. 


Sub). Impf. r (1) dunniera. durtnieras, dur^ 

I miera, tie. 

„ „ ^ (2) dnrmiese, dnrriie.scs, dnr- 

I miese, etc. 

Suhj. Fut. — dttrmierv, durmieres, dv-r mitre, 
durmieremos, etc. 

Note. A few verbs of the third conjugation 
ending in guirir. expand the radical i into ie 

when the iMJcent falls on it, but arc otherwise 

regular. Example : 

Adquirir» to obtain. Imt. Pees. — adgniero, at.l - 
gntere.s. adguiere, ndgnirimns. (tdgniris. adguiereti. 

The following is a list of the irr<'gular verbs 
of the first (riass likely to lx* required inordinary . 
use: 

First Class 

Verbs with radical c ex})aiuling to /V, and 
radical o expanding to tie. 

(ihHoli't'r. tit JibAolvc enutfiur. t(i Iu*kIh 

arordar, to aurcr rneetufi>i\ to lit^lit 

acoHtar. to put to hod t-nrentar. to rut 

arrerenUtr. to incrraHo <•«<•#»#■/•«*■. to nluit up 

alentar, to rii<‘oura^r eneottn^ndur. to roiiiiurnd 

attnorzar. to hrcHklH^t enrtndrar. to lurrt 

atn-n^ar. to IruKltiru rntnntdar. to «'oiTr«-1 

awnthlnr, to fuinlnh enU'rrar, to hury 

imwlar. to jfrlnd rwro/rrr. to wrap ii|> 

ftpMur. to prj‘SH t'ttfnrmr. to rndoavoui- 

nprofstr. to approve rjtt>ndrr. to extiMid 

arrendar. to rout forzat, to foror 

aitcender. to lUiooiul friyar. to gronr 

*tftos^ttar, 1i> caliu onheniar, to Kov<u ri 

atendef. to atteud hehr. to froozo 

aimer, to nttr/ict herrnr. to hIioc a horse 

atmeemr. cross (a'or hohnir, to rest 
neeroonzar, 1(» sliatur infernar. to wiutor 

ealenlar, to warm Jaijar, to play 

rtyar, t»» hliml llocer, to ralu 

ri/e^Mfar, to lay a foundatiou manift>Hf<n\ to mauil'rst 
eiieer. to oo»>k ttuder, to uriiwl 

eoitfar, to liant: up aimtmr. to ahow 

emnenzAr. to r,ommoiic«5 num>r. to move 

consumer, to romiMwr. aofAir, to 4lrny •' 

emsimdmr, to pmvo nerar. tr) snow 

eonrertar, to ooiu’ort yeuxur. to think 

eonenrdar, to H«rcc pfrdft', to lost! 

eoiulencender, to condrHt'ejMl pit'ifar, to fohl 
tondoferne, to rondolr pofdar. to populat e 

nmimir. to coiifras //roftrtr, to prove 

eonmoeer. to movr propouer, to propose 

amsolar. to eoiisoh* tptefn-ar. to lireak 

runtar. to trouiit nroweudur. U) rcr-oiuiueutl 

etmiender. to e<mtriid rnwdar, U) remember 

rottfar, to e»)«t rc/m-:ar, fortify 

defender, to defemi mptr, to water 

demoier. to deimdlsh remendar. to iiieud 

deansitrar, to ilemouBtratr reotorder. to eaiiae. remorsr 
deneyar, to deny irprohnr, to reprovi-. 

deHar(r(ar, to mistake reeentor, to hurst 

dexiirordar, to disagree rero/eer. to stir 

desalenfar, to diseouravie todar. to roll 
dempretar, U) Kwwr srmhrar, to sow 

ilempTKdyar. to disapprove Hentmtar, to sov/ 
demttoeeynr. to rJisturh '<entafxe. to sit c.i"^wu 

disat^mter, to nctfleet snanr, to e«t.aldish 

drmletUttr, to perplex emmf. to sound 

drscender. to deseend Kuhar, to dream 

deaentermr, to unearth HtiHeynf, to ealnt 

desheiar, to thaw lenddar. to tremble 

t/eeiuenlir. to ulve the ljl^ 1endei. to strete.h out 
denolftr, to ilesolatc tentar, to tempt, 

denpoftlar. to depopulate toMfat. to toast 
denti'rrar. to exile tniHtteender, to traneciyul 

deHveriftmzm se , to heeonu! Irnnepotiei, U* transiKJfu* 

.sliameh!H8 traHeordufue, tii forget 

deJmer. to detain frart»ar, to enma 

depoleer, to give I»a4‘k trocar, to excham/r 

dfseordtir, to disagret; tronar, to thinidi r 

disofver, to ilissolve frapezar. ftnmhle 

dMpertar, to awake verier, to ^pill 

doler, ache vfdar. to tty 

empeUar, to ini|iel mfnr. lo rome baek. 

Note. Only om? meaning is given hci'c ; a 
gotKl dictionary slionhl lx* <ortsiik<*d- for ths 
further meanings of each vcrl>. 
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Second Class 

Verbs of the third oonjngatioii with radical « 
and o, expanding to ie and or ehangtrig to 
I and u : 

adhtrir, to adhere 7Wj/.vtV, to int-erfern 

adormir/ii'f to fall aftlccp iurntir, to Invert 
HSfintir, to aHRcnt walht'fir^ to wound badly 

eonfirivt to (onfer luorir, to die 

converliry to convert vercfrtir^ U» pervert 

deferiTt to defer (show dc> prefer it , to prefer 

ference) premorir, to predeceafio 

deiodi'ertift to apt rashly proferir, to pronounce 
diferity to defer (put off) rejerify to refer 
diflerir, to dlftest reheriTy to repel 

diffcernir, to (liscern rfhr.rraTy to re-shoe (a horse) 

di 9 etdiry to dissent nmentiTy to lie Ireqnently 

diveKify to divert to feej 

entrefferify to Intermix snbrt'rtir, to subvert 

t^ntreninriry to dlt; away ntwnir, to suK«est 
herify to wound tramferiry to transfer 

hfrvir, to boil zaln'tiryto eensure 

inferiry to infer 

ExKnrTsi: XV. (1) 

Translate the follcnviag inlo Spanish : 

1. Wo have sliiit all tlio doors : now you shut 
the windows. 

2. It is not worth wliil<* to bcsiH'ch them t(* 
pardon him ; you beseech, if you likt*. 

3. The smell of those flowers is a real perfume. 

4. It is diftieult to aetpiire fame, and even 
inoro difficult to itreserve it affer it is ae(piir<‘fl. 

5. It is well to encourage youth : I always 

encourage, it. 

. 6. It is difficult to approve xvlien a friend 
criticises us with trutJi : tlie ji^iprohatioii of those 
who surround us is n<‘c<‘ssary to our Jiap])im‘ss. 

7. It is necessary to attend to our Imsitiess. 

8. Let us he earefid in crossing the s<[uar«‘ ; 1 
cross it always looking to the right' and to the left . 

9. The proverl) says that there is no one more 
"blind than he who will not se(\ 'Po be blind to 
our defects is natural. 

10. The foundation of our friendship was hiid 
y^rs ago when we suffered fogctlie.'. Troubit's 
are calculated to lay the foundation of friendly 
intenjoursc. 

11. This room necals to be warmed, and the 
bteakfast must also l)e wMrme<l. 


ExtuoisK X,V. (2) 

Translate the hillow iiig into English : . 

1, El dcstierro politico a qiui fue eond<'nado 
hizo fiU forinna. enando su ]>artido volvid al 
^oder. 

2, Dospertav la ira d(^ un i persona a]>asionad.a 
pcligroso, ima ve/. d<‘spicrta es ditieil de. 

8paclguar. 

3, Es mas dificil al liombre gohornar sus 
pasiones quo gobernar nna ii-aeitm. 

. 4. Niego absolutamenU^ haber diclio scFJiejant(‘ 
ebsa, y cuando nu' confront (*n eon eJ no lo podr.i 


negar. 

. 6. Se dice quo mas ^ ale reimmdar su eapa ti 
tpie eJejar que el remiendo sea mas 
que la capa. 

; vfe*W,.Uue fiieiiibra espiiias no puede espenir 
que Sitlgan flores, mas vale sembrar Iwiena 
^mi]la*qub sementar abrojos. 

; ;7. El tonto sucfia loque qu ieVe, y el sabio lo que 
binede. El soffar no so mauda. 


Key to Exercise XTV. (1) 

1. ;. Quiere Vd jugar al ajedrezr ? No s4 
jugar tan bien eomo Vd. No importa, lo dar6 la 
rcina y el peon. 

2. Miiy bien ; peio despue.s de eoncluido of 
jiiego de ajedrez, tendreinos nno de damas. Croo 
que eonozco esc jiiego mas bien. Aqiii esta el 
tablen). 

3. 'j'onio Vd im eigarro ; son bu(‘nos ; son 
habanos. Clraeias, no fiimo. Y su luTuiano 
fiima ? Mi hermano fuma eiganos, cigarillos, 
y la ])ipa. 

4. Los osco.sescs toe an la gaita, y son Jos 
linieos en el mimdo entero (pie pueden toearla. 

it. Ksa agua qiu* vt'‘ \'d aqiii es un manantial 
de agua dut*(*. 

(). Kst<* (‘s nil aiToyo en verano, y nn rid 
raiidalo.s(F en invi(‘ruo. 

7. L.i calm i vi<*ne antc'S de la toruumta. 

5. ; l)u‘(‘ (pii‘ es biicn jincte. y no salx* mamqar 
su eaballo ! 

9. IVa \'d es])ii('las ? Nunca. 

10. Esa sills. <‘s vi<*j‘i. l)ebcria Vd eomprarotra 
nui‘va y jmrmitame (pie l(‘ fhga que los estribos 
sou d<‘masifido largo.-;. 

11. Esc eaballo (*s miiy brioso ; nee(\sita do- 
marsc. Esn lacil ; tengo en mi eaballeriza un 
buen ])icador. 

12. El jiparejar sc h.ir.i jirontD. 

L‘>. No es biiciio alabaix^ laiifo, pue.s el 
que se alaba coro; «‘l ri("-.go de qin* scr biirlcn 
d(‘ ('I. 

14. i Ih'jarlos ImrlaiNe ; no nu^ importa I 

1.0. Se me alcgra <4 eora/on al ver a Vd. 

lb. Nos alegiumos mncho de sn buena 
fortiina. 

Kkv to E\KK(Msr. XT\'. (2) 

1. 4’lu* w;i.r Av;is v(“ry sanguinary; many 
soldiers dic'd. 

2. On receiving the sad news tln^ ])0(U‘ woman 
faint (‘(1. 

3. May I 0]>('n that h'ttcr? It lias b(:*en 
ojicncd since' tlii.s morning. 

4. 4'li(' sky is oveueast ; they must cover tho 
flowers, as it will surely rain. 

d. 1 have wTitten to your father giving him 
jK'ws of onr engagement : e shall see if ho 

deigns l(* write. 

b. 'Pilose Avords are r“'ntc(l on my luviri. 

7. TJiis manuscript must la* pi inted. 

5. America av.is di.scoven'd liy (dilumhiis. 

9. l']K>n di.scovering the statin*, they tlirow 
it on the ground. 

If). It thunders, rains and freezes at the suinu') 
time. 

11. Tt is going to thunder. 

12. We left the town incognito at dawn. 

13. Day lireaks at live in the morning. 

14. We reaelu'd onr destination at nightfall ; 
it was a long journey. 

15. Is it true that it is twelve mile.s from hero 
to San Juan de Liiz ? 


Continued 


End of Volume V. 
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